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AbstrAct

5G radio access networks are expected to pro-
vide very high capacity, ultra-reliability and low 
latency, seamless mobility, and ubiquitous end-us-
er experience anywhere and anytime. Driven by 
such stringent service requirements coupled with 
the expected dense deployments and diverse use 
case scenarios, the architecture of 5G New Radio 
(NR) wireless access has further evolved from the 
traditionally cell-centric radio access to a more 
flexible beam-based user-centric radio access. This 
article provides an overview of the NR system 
multi-beam operation in terms of initial access pro-
cedures and mechanisms associated with synchro-
nization, system information, and random access. 
We further discuss inter-cell mobility handling in 
NR and its reliance on new downlink-based mea-
surements to compensate for a lack of always-on 
reference signals in NR. Furthermore, we describe 
some of the user-centric coordinated transmission 
mechanisms envisioned in NR in order to realize 
seamless intra/inter-cell handover between physi-
cal transmission and reception points and reduce 
the interference levels across the network. 

IntroductIon
Fifth generation (5G) wireless networks are 
expected to support very diverse scenarios, 
such as broadband everywhere even in ultra-
dense areas, as high as 500 km/h user mobility, 
massive connectivity from all types of low-cost 
devices, ultra-low latency for virtual reality, and 
ultra-reliability for industry control and vehicle 
to everything (V2X) [1]. To fulfill these service 
requirements, more challenging performance 
indicators such as 1 ms transmission delay, 100 
higher data rate, and 1000 more connections 
need to be provided compared to current 4G 
networks. On the other hand, the devices are 
expected to access future networks composed of 
diverse transmission and reception points (TRPs) 
with more or less distant geographical locations, 
such as macro, micro, pico, and femto TRPs. High 
levels of co-channel interference are brought 
about by dense network deployments, which the 
current 4G LTE air interface is incapable of han-
dling.

Driven by these challenging service require-
ments and diverse deployment scenarios, the 
architecture of 5G New Radio (NR) wireless 
access has further evolved from the traditionally 

cell-centric to a more flexible user-centric radio 
access paradigm. The study activities for 5G sys-
tems standardization were initiated in March 
2016, the normative work for Release-15 (Rel-15) 
was kicked off in March 2017, and the continua-
tion of the studies for what will eventually become 
Release-16 (Rel-16) are to resume in 2018.

As understanding the current status of 5G 
NR implementation is important for its eventual 
commercialization, this article provides a tutorial 
overview in terms of NR with user-centric cellular 
access in support of seamless mobility and user 
experience enhancement. The multi-beam opera-
tion in NR is one of the key features that differen-
tiates NR from LTE, and assists in fulfilling the 5G 
requirements.

nr cell ArchItecture
Among the many scenarios and requirements 
of NR defined in [1], NR should support the 5th 
percentile user spectrum efficiency gains on the 
order of three times IMT-Advanced and zero 
mobility interruption time. NR deployment sce-
narios are diverse such as indoor hotspot, dense 
urban, high speed, and extreme rural, to name 
but a few. Therefore, the NR cell architecture 
should offer the deployment flexibility in order to 
meet the requirements.

An NR cell can be considered as a logical 
entity that consists of one or multiple TRPs, as 
shown in Fig. 1. For example, in a dense urban 
network, an NR cell can consist of many TRPs. As 
the user equipment (UE) moves, the network side 
determines a new optimal serving TRP set that 
follows the UE. The flexibly optimized serving TRP 
set can be transparent to the UE. Therefore, in 
order to provide a cell-center-like experience for 
a UE, there should not be a rigid association with 
TRPs in the network. An NR cell can be used for 
providing synchronization signals and broadcast 
information, as well as assisting UE’s initial access 
and inter-cell mobility.

InItIAl Access
synchronIzAtIon And cell seArch

In order to support multi-beam operation, espe-
cially in high-frequency (HF) scenarios, NR intro-
duced the so-called synchronization signal block, 
SS block (SSB), which comprises a primary syn-
chronization signal (PSS), a secondary synchro-
nization signal (SSS), and a physical broadcast 
channel (PBCH). Unlike LTE, which may not use 
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SSBs but still defines the three components of 
an SSB, namely PSS, SSS, and PBCH, the three 
SSB components are always transmitted together 
in NR (i.e., they all have the same periodicity). As 
illustrated in Fig. 2, a given SSB is repeated within 
an SS burst set, which is potentially used for gNB 
beam-sweeping transmission. The SS burst set is con-
fi ned to a 5 ms window and transmitted periodically. 
For initial cell selection, the UE assumes a default 
SS burst set periodicity of 20 ms. The main advan-
tage of SS burst set is that time-division multiplexing 
beam-sweeping allows for low-cost analog antenna 
array architectures. Frequency-division multiplexing 
is another approach that could have been adopt-
ed in NR but precludes any use of analog antenna 
array architectures. This aspect, although particularly 
useful for millimeter-wave (mmWave) HF operation, 
can also be leveraged at mid-band. 

Synchronization Signals: In NR, the num-
ber of NR physical-layer cell identities (PCIDs) is 
extended to 1008, compared to 504 in LTE, in 
order to provide enough deployment flexibility. 
Each NR-cell ID can be jointly represented by a 
PSS/SSS. The PSSs consist of three frequency-do-
main-based pure binary phase shift keying (BPSK) 
m-sequences with length-127, and the SSSs cor-
respond to 336 Gold sequences with length-127. 
Both these signals are mapped onto 127 contigu-
ous subcarriers. 

Benefiting from the good cross-correlation 
properties of Gold sequences, NR SSs signifi-
cantly outperform LTE SSs in terms of both PCID 
detection probability and false detection proba-
bility in the cases of initial and non-initial acquisi-
tion, respectively, as shown in [2]. For each SSB, 
the PSS, SSS, and PBCH share the same single 
antenna port. It is worthwhile mentioning that the 
physical beams applied to an SSB are transparent 
to the UE since the latter only sees the equivalent 
SSs and PBCH after potential precoding and/or 
beamforming operations that are up to the net-
work implementation.

Synchronization and Broadcast Channel 
Structure: For different frequency ranges, the 
system has diff erent channel conditions and cov-
erage. Although NR has defi ned various numerol-
ogies (15, 30, 120, and 240 kHz) and bandwidths 
for SSBs in diff erent frequency ranges, the UE can 
assume a signal corresponding to a specifi c sub-
carrier spacing (SCS) of SSB in a given frequency 
range, except for the bands with LTE-NR downlink 
coexistence and 5 MHz minimum carrier band-
width (i.e., band 5 and band 66). The 15 kHz and 
30 kHz SCSs of SSB are adopted for the frequen-
cy ranges below 6 GHz, while the 120 kHz and 
240 kHz SCSs of SSB are intended for the fre-
quency ranges above 6 GHz. 

One or multiple SSBs compose an SS burst 
set. The SS burst set composition, including the 
maximum number of SSBs within an SS burst set, 
SSB mapping pattern, and SS burst set mapping 
to slots in a radio frame is also carrier-frequen-
cy-dependent. Regardless of the SS burst set com-
position, the transmission of SSBs within an SS 
burst set is confined to a 5 ms window to help 
UEs reduce power consumption and complexity 
for radio resource management (RRM) measure-
ment. 

The maximum number of SSBs within an SS 
burst set is specifi ed to be 4 for frequency ranges 
up to 3 GHz, 8 for 3∼6 GHz, or 64 for 6∼52.6 
GHz in order to achieve a trade-off between 
coverage and resource overhead. Furthermore, 
the number of actual transmitted SSBs could be 
less than the maximum number. The position(s) 
of actual transmitted SSBs can be reported to 
the UEs in order to help with RRC-CONNECT-
ED/-IDLE mode measurement, and also to help 
UEs in RRC-CONNECTED and potentially RRC-
IDLE modes to receive downlink (DL) data/con-
trol in unused SSBs [4].

Three SSB mapping patterns are provided as 
illustrated in Fig. 3, where several symbols are 
preserved for DL control at the beginning of the 
slot and several symbols are preserved for guard 
period and uplink (UL) control to allow UL/DL 
switching. SSB pattern 1 can be applied for 15 
kHz and 30 kHz SCSs to provide more UL/DL 
switching opportunities in time-division duplex 
(TDD), where two symbols in the middle of two 
SSBs within a slot are preserved, one for DL and 
one for UL. SSB pattern 2 defi ned for 30 kHz SCS 
is used to facilitate LTE-NR coexistence on the 
DL band of FDD taking into account LTE physical 
downlink control channel (PDCCH) and cell-spe-
cific reference signal (CRS) in the symbols with 
15 kHz SCS. In addition to the frequency rang-
es with 30 kHz SCS, SSB pattern 2 is also used 
for the frequency ranges with 120 kHz SCS. SSB 
pattern 3 is exclusively used for the frequency 
ranges with 240 kHz SCS, which may raise a high 
requirement on UE automatic gain control (AGC) 
operation since some SSBs may be transmitted 
with diff erent beams consecutively.

Timing Information: Within a broadcast chan-
nel (BCH) transmission time interval (TTI) update 
period of 80 ms, there are 16 possible positions 
of an SS burst set if we consider the minimum 
period for an SS burst set is 5 ms. The 16 possible 
positions of an SS burst set could be identified 
by the 3 least signifi cant bits (LSB) of the System 
Frame Number (SFN) and 1-bit half radio frame 

Figure 1. An NR cell can be confi gured to consist of single TRP (left) or many 
TRPs (right) depending on the deployment scenario.

Figure 2. Example of beam-sweeping transmission of SS burst set.

SS burst set period: 20 ms (default) SS block
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index. It is known that SSBs are repeated within 
an SS burst set. When the UE detects an SSB, it 
will acquire the timing information from its PBCH, 
from which the UE is able to identify the radio 
frame number, the slot index in a radio frame, 
and the orthogonal frequency-division multiplex-
ing (OFDM) symbol index in a slot. The timing 
information includes 10 bits for SFN, 1 bit for 
half radio frame index, and 2, 3, or 6 bits for SSB 
time index for frequency ranges up to 3 GHz, 
3∼6 GHz, and 6∼52.6 GHz, respectively . With-
in the SSB indices, two or three LSBs are carried 
by changing the demodulation reference signal 
(DMRS) sequence of PBCH. Thus, for the fre-
quency ranges below 6 GHz, the UE can acquire 
the SSB index without decoding the PBCH. It also 
facilitates PBCH soft combining over multiple 
SSBs as these SSBs with different indices carry the 
same content of PBCH payload. 

system InformAtIon

NR system information (SI) is categorized as min-
imum SI and other SI. Due to the payload limita-
tion, NR PBCH mapped in each SSB just delivers 
a part of minimum SI with fixed payload size 
and periodicity predefined in the specification 
depending on carrier frequency range. 

The remaining minimum SI (RMSI) is trans-
mitted in a physical downlink shared channel 
(PDSCH) by downlink assignment in an RMSI 
control-resource set (CORESET). A CORESET is 
introduced in NR to identify a bulk of time-fre-
quency resource consisting of multiple resource 
blocks in the frequency domain and {1, 2, 3} sym-
bols in the time domain. NR enables UE to be 
configured with multiple CORESETs, and each 
CORESET is associated with a UE-specific config-
ured resource mapping scheme. 

Since NR PBCH keeps the same numerology 
and the same single fixed antenna port as PSS/
SSS, no blind detection of PBCH transmission 
scheme or number of antenna ports is required 
by the UE, while LTE PBCH may be transmitted 
with different transmission schemes for 1, 2, or 
4 antenna ports, respectively. NR PBCH content 
includes remaining timing information, CORE-
SET information for obtaining RMSI DL assign-
ment, RMSI numerology, cell barred flag, the 
first PDSCH DMRS position, physical resource 
block (PRB) grid offset with respect to SSB, and 
a few reserved bits. NR PBCH payload size is 56 
bits (including CRC), which is larger than the LTE 
PBCH payload of 40 bits.

rAndom Access

NR supports a four-step random access (RA) pro-
cedure, similar to LTE. But beam related aspects 
are introduced for the NR RA procedure.

Physical Random Access Channel (PRACH) 
Design: Zadeoff-Chu (ZC) sequence is adopt-
ed for NR preamble. NR supports three PRACH 
preamble formats with long sequence length of 
839, two of which, with SCS of 1.25 kHz, are the 
same as LTE and used for LTE re-farming and large 
cell (up to 100 km), respectively; another format 
with SCS of 5 kHz is defined for high speed (up 
to 500km/h) and cell radius up to 14 km. Con-
sidering network beam-sweeping reception with-
in a random access channel (RACH) occasion, 
NR introduces new PRACH preamble formats of 

shorter sequence length of 139 with 1, 2, 4, 6, 
and 12 OFDM symbols and SCS of 15, 30, 60, 
and 120 kHz. The new formats are composed of 
single or consecutive repeated RACH sequenc-
es. The cyclic prefix (CP) is inserted at the begin-
ning of the formats and the guard time (GT) is 
reserved at the end of the formats, while the CP/
GT between RACH sequences is omitted. For 
both short and long PRACH preamble sequences, 
the network can also conduct beam-sweeping 
reception between RACH occasions.

Random Access Procedure: A RACH trans-
mission occasion is defined as the time-frequency 
resource on which a PRACH message 1 (Msg.1) 
is transmitted using the configured PRACH pre-
amble format with a single particular transmission 
beam. In NR, the RACH configuration provides 
at least the RACH time and frequency informa-
tion and the PRACH preamble format. The RACH 
configuration is included in the RMSI, which is 
common for all SSBs. The network can config-
ure an association between one or multiple SSBs 
and a subset of RACH resources and/or a subset 
of preamble indices. Based on this association, 
the network can derive the DL beams transmit-
ting the SSB received by UE, through detecting 
RACH occasion or PRACH preamble index. Then 
the network transmits a random access response 
(RAR) (i.e., Msg.2) via the derived beams. It is 
worthwhile to mention that an NR system with 
analog antenna architecture can potentially 
benefit not only from the SSB/RACH occasion 
association but also from beam correspondence 
at the network side by avoiding the need for 
beam-sweeping operations for the reception of 
Msg.1 and the transmission of Msg.2, which is 
again especially important for mmWave HF imple-
mentations.

Uplink transmission beam for Msg.3 is deter-
mined by the UE itself. It may employ the same 
uplink beam used for transmitting Msg.1. Assum-
ing beam correspondence property of transmis-
sion/reception at the UE, Msg.3’s transmit beam 
may correspond to the downlink reception beam 
used to receive the SSB detected by the UE. The 
transmission resource and waveform — discrete 
Fourier transform spread OFDM (DFT-S-OFDM) 
or cyclic prefix OFDM (CP-OFDM) — of Msg.3 
needs to be signaled to the UE. For conten-
tion-free random access, the UE can be config-
ured to transmit multiple Msg.1s over dedicated 
multiple RACH transmission occasions in the time 
domain before the end of a monitored RAR win-
dow, in order to facilitate UE beam-sweeping 

Figure 3. SS block mapping patterns.
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transmission in case of no beam correspondence 
at the UE. But the dedicated RACH occasions 
are different from the time resource of conten-
tion-based random access so that the network has 
no confusion on whether detecting a single Msg.1 
or multiple Msg.1s.

l3 mobIlIty
NR aims to avoid the use of always-on signals such 
as LTE CRS in order to reduce system overhead. 
Unlike LTE, NR would not rely on CRS to perform 
RRM measurement. Therefore, NR SSB is used 
for RRM measurement for layer 3 (L3) mobility 
in RRC-IDLE and RRC-CONNECTED modes. Fur-
thermore, in order to improve the RRM measure-
ment accuracy, the DM-RS for PBCH within the 
SSB may also be used for RRM measurement for 
L3 mobility. Based on the RS for DL-based RRM 
measurement for L3 mobility, cell level quality 
including SSB RSRP/RSRQ can be derived by the 
UE averaged over the best N SSB RSRPs that are 
above some pre-configured thresholds.

In order to reduce power consumption and 
RRM measurement complexity at the UE side, the 
transmission of SSB within the SS burst set is con-
fined to a 5 ms window regardless of the SS burst 
set periodicity. As different cells can adopt differ-
ent SS burst set periodicities (e.g., 5, 40, 80 ms) 
for network power saving purposes, it is necessary 
to configure the UE with an SSB-based RRM mea-
surement timing configuration (SMTC) including 
measurement window periodicity/duration/timing 
offset for UE RRM measurement per frequency 

carrier. The candidate values for SMTC window 
periodicity are {5, 10, 20, 40, 80, 160} ms, and 
the candidate values for SMTC window duration 
are {1, 2, 3, 4, 5} ms for both intra/inter-frequen-
cy measurements. SMTC window timing offset is 
used to find the start time of the SMTC window, 
and the SMTC window timing reference for the 
timing offset is SFN#0 of the corresponding serv-
ing cell. For intra-frequency RRC-CONNECTED 
mode measurement, different from LTE, up to two 
measurement window periodicities can be con-
figured to UE associated with different cells as 
shown in Fig. 4, to achieve the trade-off between 
UE measurement accuracy and power consump-
tion. For RRC-IDLE mode and inter-frequency 
RRC-CONNECTED mode measurement, only a 
single SMTC is configured per frequency carrier.

For RRC-CONNECTED mode, in addition to 
NR SSB, UE-specific CSI-RS can be configured 
in order to provide better measurement perfor-
mance and user-centric mobility experience. For 
example, in HF scenarios, narrow beam CSI-RS 
can be configured to the edge UE in order to 
achieve better signal-to-interference-plus-noise 
ratio (SINR) range and measurement accuracy. 
As shown in Fig. 5, assuming same energy per 
resource element (EPRE) is applied between CSI-
RS and SSB, narrow beam CSI-RS measurement 
with narrow beam can provide better SINR range 
which can improve measurement RSRP accuracy 
(i.e., smaller delta RSRP value) compared to wide 
beam SSB measurement.

The CSI-RS properties of serving and neighbor-
ing cells for DL RRM measurement can include NR 
cell ID, slot configuration used to obtain the slot 
offset for CSI-RS and the periodicity e.g., 5, 10, 20, 
40 ms, configurable measurement bandwidth of 
CSI-RS, configurable parameter for CSI-RS scram-
bling sequence, configurable numerologies, and 
association between CSI-RS for RRM measurement 
and SSB, such as spatial quasi-co-location (QCL) 
information. The above CSI-RS properties are sig-
naled to the UE via dedicated RRC signaling.

ue-centrIc coordInAted trAnsmIssIon
TRP cooperation has been studied in academia 
and industry and is also considered in LTE in both 
UL and DL directions. UL TRP cooperation is 
widely considered as a network implementation 
issue, especially in non-beam-based deployment. 
DL multi-TRP cooperation can utilize coher-
ent joint transmission (JT) from multiple TRPs, 

Figure 4. Intra-frequency CONNECTED mode measurement.
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which refers to the case where a single NR-PD-
CCH schedules a single NR-PDSCH with all lay-
ers being transmitted jointly from all TRPs, and 
non-coherent joint transmission (NC-JT), where 
different data layers belonging to different NR-PD-
SCHs are transmitted simultaneously to the UE 
from different TRPs. Coherent JT can in general 
be handled transparently from a standard speci-
fications point of view. Therefore, agreements in 
NR regarding coordinated transmission from mul-
tiple TRPs (and also multiple panels) have mainly 
focused on enabling NC-JT schemes. It should be 
noted that multi-TRP joint transmission was initial-
ly discussed as part of the 3GPP activities on NR 
Rel-15 phase 1. However, it is likely that the main 
features related to NC-JT will be introduced into 
the NR specifications as part of Rel-15 phase 2, 
which is scheduled for completion in June 2018, 
or possibly in later releases.

nc-Jt wIth sIngle/multIple pdcch/s

NC-JT agreements in NR stipulate that a single 
NR-PDCCH may schedule a single NR-PDSCH 
where separate layers are transmitted from sepa-
rate TRPs. Alternatively, multiple NR-PDCCHs may 
each schedule a respective NR-PDSCH where 
each NR-PDSCH is transmitted from a separate 
TRP [5]. Furthermore, it has been agreed that 
for the reception of multiple NR-PDCCHs, each 
scheduling a respective NR-PDSCH each transmit-
ted from a separate TRP, the maximum supported 
number of NR-PDCCHs/PDSCHs is equal to two. 
Multi-TRP and multi-panel NR design choices con-
stitute a paradigm shift compared to LTE where 
a single PDCCH schedules a single PDSCH irre-
spective of whether the transmission originates 
from a single or multiple TRPs as in the case of 
multi-TRP schemes such as dynamic point selec-
tion (DPS), for example. These agreements in NR 
aim to enhance TRP cooperation and are agnostic 
to the nature of the backhaul link between these 
TRPs (i.e., they cater for both ideal and non-ideal 
backhaul scenarios). 

The agreements pertaining to the reception of 
multiple NR-PDCCHs/NR-PDSCHs enable UEs to 
be connected to multiple TRPs simultaneously, that 
is, a UE can receive multiple independently sched-
uled data streams from different TRPs at the same 
time. Multi-connectivity is especially useful in case 
the different TRPs are interconnected with non-ide-
al backhaul wherein, for example, due to delay 
of data/CSI exchange among different TRPs or 
limited backhaul capacity, joint scheduling among 
the TRPs may not be feasible. Nevertheless, this 
multi-connectivity feature can also be useful in the 
ideal backhaul scenario, where more flexibility can 
be expected due to the possibility of centralized 
scheduling and the ability to transmit the multiple 
PDCCHs from the same or different TRPs.

Intra-frequency multi-connectivity may induce 
interference at the UE, which can be mitigated 
using different strategies. In the case of ideal back-
haul, joint scheduling between TRPs can allow 
such mitigation, whereas in the case of non-ideal 
backhaul, where centralized scheduling is not an 
option, semi-static interference coordination solu-
tions are more appropriate. Furthermore, the UE 
may perform successive interference cancellation 
(SIC) to help with the reception of multiple data 
streams. 

From the network perspective, single or mul-
tiple medium access control (MAC) entities can 
be involved in the transmission of the multiple 
NR-PDCCH/PDSCHs within one NR cell or across 
multiple NR cells. Whether to use one or multi-
ple MAC entities at the network side to enable 
UE multi-connectivity has not yet been decided 
in NR. However, it is easy to see that a solution 
which involves multiple MAC entities, each associ-
ated with one NR-PDCCH, can ease the required 
standardization efforts since each MAC entity 
can be associated with a different CORESET and 
have its own independent set of hybrid automatic 
repeat request (HARQ) processes. 

Figure 6 illustrates a dual-connectivity UE 
where the UE has separate MAC entities each 
corresponding to a separate NR-PDCCH. The 
multiple MAC entities associated with the two UE 
connections may correspond to different NR cells 
(Option 1 in Fig. 6), or they may correspond to 
the same NR cell (Option 2 in Fig. 6), where the 
dashed lines in Fig. 6 mark the coverage areas as 
well as the different radio link control (RLC) and 
MAC components of each cell. 

In the case of Option 1, since the TRPs trans-
mitting the different NR-PDCCHs belong to differ-
ent cells, whenever the UE moves from TRP 1 to 
TRP 2, an inter-cell handover is required, which 
may involve some L3 signaling and incur service 
delay due to handover preparation and execution 
time. Additionally, handover failure and ping-pong 
effects may be observed in some scenarios. In the 
case of Option 2, on the other hand, the mobility 
is largely handled as an L2 procedure in a similar 
way as the intra-cell L1/L2 beam management 
framework discussed below.

l1/l2 beAm mAnAgement

One NR cell comprises multiple TRPs which may 
be interconnected with a combination of ideal 
and/or non-ideal backhaul links. Unlike in LTE, 
deployment scenarios within the NR cell are not 
limited to a cloud radio access network (CRAN) 
structure and perfect backhaul (meaning almost 
zero delay for unbounded backhaul data rate), 
and can be expanded to closely cooperative TRPs 
that are not necessarily willing or able to share 

Figure 6. Multiple NR-PDCCH/NR-PDSCH reception with multiple MAC enti-
ties [7].
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data and/or scheduling decision and/or CSI. TRPs 
connected with non-ideal backhaul within one NR 
cell can potentially correspond to multiple MAC 
entities [7]. 

Intra-NR-cell mobility, which refers to mobili-
ty procedures among the TRPs within the same 
NR cell, does not require any higher layer signal-
ing (e.g., L3 signaling for inter-cell mobility). One 
of the motivations in NR is to achieve seamless 
mobility and UE experience within the NR-cell, 
hence the need for the network to perform sever-
al behind-the-scenes on-the-fly optimizations, most 
of which can be “transparent” to the UE. 

Such UE-centric optimizations may include 
UE-specific RS configuration, TRP set/cluster 
optimization, control channel provisioning, data 
routing, and so on. Accordingly, as the UE moves 
within the NR cell coverage and comes within 
the vicinity of different TRPs belonging to that 
NR cell, it effectively keeps synchronizing to the 
same primary and secondary synchronization sig-
nals irrespective of the transmit beam carrying 
the detected SSB, which remains transparent to 
the UE. The UE may keep its own assigned UE 
ID within the coverage of the NR cell (unless an 
update is required, e.g., for security reasons or 
due to some optimization) and UE-specific RS 
configuration. As a result, from the NR UE point 
of view, mobility within the NR cell may merely 
be seen as some antenna port reconfiguration. 

One example of such transparent UE-centric 
design whereby the NR user may keep the same 
UE-centric configuration while moving across 
an NR cell with perfect/imperfect backhaul is 
described below, first in the context of ideal back-
haul and a single MAC across the NR cell, and 
then in the context of multi-MAC connectivity 
within the NR-cell. 

In the single TRP multi-beam ideal backhaul 
case, intra-TRP mobility is handled as an L1/L2 
beam management procedure that entails some 
QCL update and possibly some antenna port 
reconfiguration.

For the multi-TRP case with single or multiple 
beams depicted in Fig. 6, the UE that is in the 
vicinity of two TRPs (herein referred to as TRP 1 
and TRP 2) is configured with CSI-RS ports which 
are not QCL with each other, and the UE is also 
instructed to perform channel state information 
(CSI) feedback for each configured antenna port. 
It is worthwhile to note that the UE may not dif-
ferentiate between the different beams originating 
from either TRP 1 or TRP 2 and is only aware of 
the antenna ports configuration and QCL informa-
tion associated with them. The UE is configured 
with two CORESETs for receiving NR-PDCCH, 
and sees two MAC entities from the same NR 
cell, reflecting the non-ideal backhaul between 
TRP 1 and TRP 2. The UE is in the vicinity of TRP 
1 and receives control and data from the same 
TRP using the CORESET associated with one of 
the MAC entities in the cell, while the other MAC 
entity is dormant with respect to this UE. As the 
UE moves in the coverage area between TRPs 1 
and 2, the second CORESET and associated MAC 
entity become active. The network may realize 
the need to activate a second TRP by using the 
feedback from the UE or through UL-based mobil-
ity by detecting the UE-specific SRS by TRP 2. 
As a result, the gateway needs to divide the data 

streams accordingly and allocates traffic for that 
UE to both TRPs. Meanwhile, the two TRPs may 
utilize an interference mitigation mechanism to 
improve UE SINR experience from either link. 

As the UE moves away from TRP 1, the latter 
gets decommissioned, that is, its data traffic to that 
UE is stopped and its outstanding HARQ process-
es are either fulfilled by successive retransmission 
or by being flushed. Now, the UE receives con-
trol and data from the CORESET and MAC entity 
associated with TRP 2 and the other CORESET 
and MAC entity (associated with TRP 1) become 
dormant. As the UE further moves toward a third 
TRP, say TRP 3 (not shown in Fig. 6), this TRP 
will utilize the already dormant CORESET and 
MAC entity of the UE to establish a secondary 
link toward the UE (besides the now primary link 
already established via TRP 2). 

All this could take place unbeknownst to the 
UE, that is, without the UE needing to know 
which TRP is actually sending the data and 
without necessarily receiving a new RRC con-
figuration. It is to be noted that in some cases, 
especially in HF scenarios, establishing new con-
nections to the UE may necessitate some beam-
forming initialization. Indeed, even if there is only 
one beam from one TRP, the beam needs to be 
updated, refined, tracked, and even re-initialized 
every now and then due to the UE mobility and/
or environment change. From that perspective, 
the UE will need to perform the same beam ini-
tialization procedure already defined in the L1 
procedures. 

conclusIon
This tutorial article provides an overview of NR 
user-centric cellular design in terms of cell archi-
tecture and its impact on multi-beam initial access, 
measurements for L3 mobility, and user-centric 
coordinated transmission. The Work Item of NR 
is still ongoing. Processing in the network will 
increasingly become user-centric and ultimately 
cloud-like. Therefore optimizing multi-TRP and 
multi-beam operation from a system-wide per-
spective is paramount in order to manage interfer-
ence and increase overall capacity and flexibility.
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