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Introduction
[bookmark: _Ref178064866]It has been agreed [4] that SSB (NR-PSS and NR-SSS) shall be used for T/F synchronization for the purposes of receiving signals transmitted from an NR cell. 

However, in some deployments and scenarios, the SSB may not be usable or available as sync source for receiving additional signals. This contribution demonstrates the existence of such scenarios and use cases where alternative sync support should be considered, and presents a framework for additional, possibly dynamic, sync provision.
Discussion
[bookmark: _Ref480811488]A variety of deployments
In order to handle the expected broad range of NR network requirements, the prospective NR deployments may differ significantly. Some aspects that will differ are the ISD of the TRPs and the degree of synchronization between the gNBs and TRPs, standalone and non-standalone operation, different SSB transmission periods, possible SFN distribution of SSB and system information, etc.  
In such varying deployments, different signals will be transmitted with different spatial and temporal characteristics. In some cases, a mismatch may occur that conflicts with implicit QCL assumptions between signals associated with baseline deployments. This may complicate the use of e.g. SSB as a T/F reference for reception of other signals. Not all attractive and feasible deployment combinations can be foreseen at this time.  
[bookmark: _Toc485117318][bookmark: _Toc485122755][bookmark: _Toc485148411][bookmark: _Toc485294686][bookmark: _Toc485407855]There will exist a variety of network deployments where SSB reception does not spatially or temporally match the reception of other transmitted signals. 
Below we will provide some examples of scenarios and use cases where the different transmission characteristics for different signals may deteriorate system performance or make intended operation impossible.
Use cases deviating from default SSB assumptions
[bookmark: _Ref490219802]RMSI reception
According to the following RAN2 agreement from RAN2#95 [1]
Agreements
1: Broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one cell may be valid also in other cells.
FFS what the index/identifier is (e.g. single index or area plus value tag, etc.)
it follows that the RMSI carried by NR-PDCCH/NR-PDSCH may be common for multiple cells, while the SI provided via PBCH is cell-specific. To improve the link budget by up to 4.3 dB on the cell edge [2], the RMSI may be distributed using SFN transmission from multiple cells, effectively creating a highly dispersive propagation channel. If the cell-specific SSB is transmitted from single gNB nodes, the timing reference obtained from the SSB may differ from the instantaneously dominant path component in the SFN channel for NR-PDCCH carrying RMSI. 
An example of NR-PDCCH reception performance in the presence of time and frequency synchronization errors is depicted in Fig. 1. Clearly, even modest timing errors degrade the BLER performance (e.g. 1.4 dB penalty for a 25% CP timing offset at 1% BLER) and larger errors drastically reduce the NR-PDCCH coverage area (e.g. over 6 dB penalty for a 100% CP timing error). The strong impact of the additional offset is due to the ISI created by the timing error – a positive offset added to correctly estimated symbol timing leads to eliminating a part of the OFDM symbol contents and inserting samples from the next symbol. 
The performance in the presence of frequency errors is relatively more robust. Using an advanced OFDM receiver that performs frequency correction using CP samples, as in Fig. 1, the performance does not notably degrade for frequency errors up to 10% of the subcarrier spacing (SCS). However, for simple UE receivers that may omit the correction step, a 10% SCS offset causes performance degradation between 0.5-1 dB, depending on the operating point (not shown). 
[bookmark: _Hlk486248412]Based on the simulation results, avoiding excessive NR-PDCCH reception penalties requires timing accuracy less than 25% of the CP length and, assuming that UEs with simple receivers should be supported, frequency accuracy better than 10% of the SCS. 
[bookmark: _Hlk486248674]In standard deployments, this criteria above guarantee a sufficient margin, given that NR-PSS/SSS detection typically ensures frequency accuracy within 2% of SCS and a that the timing error will not exceed a few time samples. But considering an example NW deployment using 15 kHz numerology with gNBs placed at ISD of 2 km – a presumably common setup in deployments where the LTE cell plan is reused for NR – the NR-PDCCH reception may be compromised e.g. SFN or other non-QCL transmission scenarios. In LTE, SFN transmission is used for MBSFN distribution, where the adopted channel model [5] includes copies of the EVA profile at offsets 0, 12, and 27 us, with attenuation 0, -10, and -20 dB respectively. The rms delay spread of the effective channel is 4.4 us and the 90%-energy power delay profile window extends beyond 12 us. The 25% of CP length, on the other hand, is limited to 1.2 us. Thus, if the timing synchronization is based on the receiver NR-PSS from a single nearby node while the NR-PDCCH is transmitted using SFN, depending on instantaneous fading, the effective NR-PDCCH timing offset may significantly exceed the CP length of the NR-PDCCH and critically impair its detection performance.
[bookmark: _Hlk486248798]The non-QCL relation of SSB and NR-PDCCH may also give rise to excessive frequency offsets: For example, a UE moving at 120 km/h in 4 GHz carrier can incur a Doppler error of up to 0.9 kHz. Including the residual error after SSB detection (2% of the 15 kHz SCS), the worst case error 1.2 kHz approaches the robust operating range of NR-PDCCH.
In the contribution [3], we further discuss and propose that NR shall support transmitting the RMSI in a wide (sector or omni) beam also for the case when the SS Blocks are transmitted in narrow beams. Since the SS Block is used for other purposes than providing a sync reference for the RMSI (e.g. active mode mobility measurements) there is a need to allow for separate optimization of different functionalities (such as AMM and SI broadcast) in NR. 
[bookmark: _Toc485122756][bookmark: _Toc485148412][bookmark: _Toc485294687][bookmark: _Toc485407856]In some deployments, NR-PDCCH carrying RMSI may not be reliably received using SSB as sync source. 
[image: ]
Figure 1: NR-PDCCH BLER performance with inaccurate time and frequency synchronization. 
RAR reception
In some deployments, an NR cell will consist of multiple TRPs. In order to improve the link budget, the TRPs may transmit the same SSB information (a single SS block) from all TRPs in an SFN manner. A UE therefore obtains an initial timing reference associated with a highly dispersive SFN channel. However, the RAR will be transmitted by a single TRP in the cell, preferably the closest to the UE based on UL evaluation by the gNB. The non-QCL complications explained for the RMSI scenarios above also apply here – the UE may obtain the timing reference from the SFN NR-PSS but the receive the NR-PDCCH from a nearby TRP. Depending on the instantaneous fading realization, this may lead to a severe timing mismatch for RAR reception. Additionally, the Doppler difference with respect to the RAR-transmitting TRP and the dominant TRP in the SFN profile may exceed a critical fraction of the SCS and also degrade NR-PDCCH reception. The same quantitative relations hold as discussed in Sec. 2.2.1 – a possible T offset of up to 18 us compared to the tolerable 1.2 us (25% of CP), and a 1.2 kHz frequency-offset. With such timing offsets, aggravated by frequency errors, the NR-PDCCH detection performance will deteriorate. Self-contained RAR transmission, e.g. including a separate synchronization signal, is thus motivated that does not rely on QCL properties of other system access signals.
Another possible deployment type where the received SSB does not necessarily reflect the relevant T/F alignment parameters for the RAR NR-PDCCH is the silent node deployment. Some of the nodes, e.g. the macro gNB layer, transmit the SSB, while others, e.g. the pico gNB layer, do not. However, the NW may choose to respond with a RAR from one of the silent nodes for which the T/F parameters of the detected SSB node are suboptimal or outright unsuitable. For example, the 2 km ISD macro deployment case above may cause timing errors up to 3 us (if the timing reference is based on a macro node half an ISD away) compared to the closest pico node, significantly degrading NR-PDCCH reception.  
[bookmark: _Toc485122757][bookmark: _Toc485148413][bookmark: _Toc485294688][bookmark: _Toc485407857]In some deployments, NR-PDCCH carrying RAR may not be reliably received using SSB as the sync source. 
Paging reception
Paging signaling for UEs in idle/inactive mode may suffer from situations similar to the ones described for RAR reception above. Since it may be preferable to first transmit the paging indication from the TRP closest to the UE, the T/F reference obtained by the UE from SSB detection may be inappropriate for NR-PDCCH reception. 
In non-standalone deployments, the SSB period may be configured to be long, 80-160 ms, to maximize NW energy efficiency. In paging or RAR configurations where the NR-PDCCH reception occasion is temporally separated from the closest previous SSB occasion, a long delay between SSB and detection and NR-PDCCH reception may cause the UE local frequency reference, operating in an open-loop mode, to drift by a non-negligible fraction of the SCS. Using a typical frequency drift rate of 1 ppm/s when a UE transitions from active to inactive mode, the frequency offset after 150 ms is up to 1.5 kHz, including initial residual SSB detection error. This again deteriorates RAR reception quality or may make reception impossible.  
[bookmark: _Toc485122758][bookmark: _Toc485148414][bookmark: _Toc485294689][bookmark: _Toc485407858]In some deployments, NR-PDCCH carrying paging indication may not be reliably received using SSB as the sync source. 
CSI-RS RSRP measurements for beam management
In intra-TRP beam management, CSI-RS RSRP measurements are used to evaluate the quality of candidate beams and compare them to the current serving beam. The CSI-RS measurements are typically performed in the frequency domain after applying an FFT based on T/F reference values of the serving beam. However, in some deployments, narrow beams transmitted from a given TRP can take different paths to the UE. It is not uncommon that reflections from farther-away objects may incur a path distance difference of hundreds of meters compared to another, short-distance path, while still remaining viable signal-strength-wise. Due to the effective timing error for the candidate beam, even if it does not exceed the CP length of the CSI-RS symbol, the RSRP estimates will be overly pessimistic. Such occurrences have already been observed in practice in 5G test deployments. While moderate such offsets can in principle be compensated in the F-domain, in other cases the resulting offset may well exceed the CP length and make measurements impossible.
[bookmark: _Toc485122759][bookmark: _Toc485148415][bookmark: _Toc485294690][bookmark: _Toc485407859]In some deployments, beam management RSRP measurements using solely CSI-RS may not be reliable. 
CSI-RS RSRP measurements for active mode mobility
CSI-RS will also be used for active mode mobility measurements. RSRP from CSI-RS from serving and neighbor cells or TRPs can be reported by the UE. Performing an RSRP measurement on a neighbor-cell CSI-RS presumes the availability of T/F sync for the candidate cell. If the received candidate cell signals are not T/F aligned with the serving cell at the UE location, the candidate cell’s SSB should be used as a T/F reference source. However, there are scenarios where the neighbor-cell SSB may not be detectable, e.g. when the UE is simultaneously receiving high-gain data from the serving cell. The power density imbalance of the signals may be 20-30 dB when large antenna arrays are employed and SSB reception may be impossible due to ADC dynamic range or extreme interference limitations. Another problematic use case is performing CSI-RS measurements on silent nodes that do not transmit the SSB. 
[bookmark: _Toc485122760][bookmark: _Toc485148416][bookmark: _Toc485294691][bookmark: _Toc485407860]In some deployments, neighbor-cell CSI-RS RSRP measurements for active mode mobility, using SSB as the sync source, may not be reliable. 
Additional sync provision 
As seen in the previous section, there are many potential use cases and scenarios where SSB does not serve as a viable source of sync or e.g. NR-PDCCH reception or CSI-RS measurements. Situations affecting initial access to the NW are of particular importance, e.g. the RA process – the described scenarios essentially require a self-contained RAR design. These cases motivate introduction of a mechanism for additional sync provisioning. Such provisioning may be achieved e.g. by configuring a signal with a structure similar to PSS to be transmitted in close vicinity to other signals to be received by the UE, e.g. NR-PDCCH or CSI-RS. The additional sync signal may be transmitted using same beamforming/precoding as the signal it is assisting, ensuring QCL properties. In some cases, e.g. in the paging support or beam measurement contexts, the additional sync signal does not need to be static since it will not be used for system access.
In order to avoid conflicts or confusion with SSB PSS, another M sequence (e.g. another cyclic shift of the agreed polynomial for PSS) may be chosen, and/or the frequency allocation of an SSB PSS sequence may be changed so as to result in a different T-domain representation.
The UE can use the PSS receiver structure designed for SSB reception for detecting the additional sync as well.
[bookmark: _Toc484684183][bookmark: _Toc484684359][bookmark: _Toc484702642][bookmark: _Toc484770623][bookmark: _Toc485117319][bookmark: _Toc485122761][bookmark: _Toc485148417][bookmark: _Toc485294693][bookmark: _Toc485407861]An additional sync signal similar to PSS may be received by the UE by reusing existing received structures.
Based on the above observations, it is necessary to further study the need for and possible ways of providing additional sync support for NR signal detection and measurements, and include such functionality in NR.
[bookmark: _Toc485122764][bookmark: _Toc485148418][bookmark: _Toc485294694][bookmark: _Toc485407865][bookmark: _Toc490218530][bookmark: _Toc484684675][bookmark: _Toc484706165][bookmark: _Toc484770617][bookmark: _Toc484770621][bookmark: _Toc485117323][bookmark: _Hlk485300043]NR should support flexibly configurable sync signal provision to support receiver procedures in a wide range of deployments. 
In many deployments and use cases, the additional sync support is not necessary, and in other deployments it is not required all the time or in all cells. The additional sync signal should thus be a flexibly and/or dynamically configurable signal that the UE can utilize when it provides benefits for network performance. In some procedures, the additional sync thus becomes an alternative to SSB-based (or other) sync references. RAN1 should analyze and clarify assumptions that the UE can make about the presence of the different sync signals, and approaches for signaling or detecting which of the alternatives is valid in a given situation.
[bookmark: _Toc485122765][bookmark: _Toc485148419][bookmark: _Toc485294695][bookmark: _Toc485407866][bookmark: _Toc490218531]RAN1 should further study hooks required for invoking additional sync support in relevant procedures.
Conclusion
Based on the discussion in Section 2, we have the following observations:
[bookmark: _Hlk490213307]Observation 1	There will exist a variety of network deployments where SSB reception does not spatially or temporally match the reception of other transmitted signals.
Observation 2	In some deployments, NR-PDCCH carrying RMSI may not be reliably received using SSB as sync source.
Observation 3	In some deployments, NR-PDCCH carrying RAR may not be reliably received using SSB as the sync source.
Observation 4	In some deployments, NR-PDCCH carrying paging indication may not be reliably received using SSB as the sync source.
Observation 5	In some deployments, beam management RSRP measurements using solely CSI-RS may not be reliable.
Observation 6	In some deployments, neighbor-cell CSI-RS RSRP measurements for active mode mobility, using SSB as the sync source, may not be reliable.
Observation 7	An additional sync signal similar to PSS may be received by the UE by reusing existing received structures.
Based on the discussion in Section 0, we propose the following:
Proposal 1	NR should support flexibly configurable sync signal provision to support receiver procedures in a wide range of deployments.
Proposal 2	RAN1 should further study hooks required for invoking additional sync support in relevant procedures.
References
[bookmark: _Ref485196653][bookmark: _Ref458515583][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref458165837]R2-1702451, Report of 3GPP TSG RAN WG2 meeting #97, Athens, Greece [link].
[bookmark: _Ref485196164]R2-165551, Broadcasting SI by means of SFN transmission in NR, RAN2#95, [link].
[bookmark: _Ref485197819]R1-1711377, NR delivery of remaining minimum system information, Ericsson, 3GPP TSG-RAN WG1 NR Ad-Hoc#2, Qingdao, P.R. China, 27th – 30th June 2017.
R1-1608562, Final meeting report, 3GPP TSG RAN WG1 Meeting #86bis, Lisbon, Portugal, 10th – 14th October 2016 
[bookmark: _Ref490218860]3GPP TS 36.101, V8.0.3: "User Equipment (UE) radio transmission and reception (Rel. 8)".



image1.png
PDCCH BLER

10°

107

102k

103k

—¥—AF=0,AT=0
—5—AF=0,AT=025CP
—&—AF=01SCS, AT=0.25CP
—G—AF=02SCS, AT=0.25CP
—A—AF=0,AT=05CP

% AF=02SCS, AT=05CP
—&—AF=0,AT=1.00CP
—H—AF=02SCS, A T=1.00 CP






 


 


3GPP TSG


 


RAN WG1 Meeting #90


               


                       


R1


-


1


7


1


4048


 


Prague, Czech Republic, 21


st


 


�


 


25


th


 


August 2017


 


 


Agenda Item:


 


6


.1.1.


6


 


Source:


 


Ericsson


 


Title:


 


Additional


 


synchronization provision


 


Document for:


 


Discussion, Decision


 


1


 


Introduction


 


It has been agreed 


[


4


] 


that 


SSB (NR


-


PSS and NR


-


SSS) shall be used for 


T/F s


ynchronization 


for 


the purposes 


of 


receiving signal


s


 


transmitted from an NR cell. 


 


 


However, i


n some 


deployments and 


scenarios, 


the 


SSB may not be usable or available


 


as sync 


source


 


for 


receiving additional signals. 


This contribution 


demonstrates


 


the existence of 


such scenarios and 


use cases 


where 


alternative


 


sync support 


should be considered


, and present


s a framework for 


additional


, possibly


 


dynamic


,


 


sync provision.


 


2


 


Discussion


 


2.1


 


A variety of deployments


 


In order to 


handle the expected 


broad


 


range


 


of NR network requirements, the prospective NR deployments 


may differ significantly. 


Some aspects that will 


differ are t


he ISD 


of the TRPs 


and the degree of 


synchronization between the gNBs and TRPs, standalone and non


-


standalone


 


operation


,


 


different SSB 


transmission 


periods


, possible SFN distribution of SSB and system information, etc.  


 


In such varying


 


deployments, different signals will be transmitted with different spatial and temporal 


characteristics. In some cases, 


a


 


mismatch may 


occur that 


conflict


s with


 


implicit QCL assumptions 


between 


signals 


associated with baseline deployments


. This may


 


complic


ate the use of e.g. SSB as a T/F reference for 


reception of other signals.


 


Not all attractive and feasible deployment combinations can be foreseen at this 


time.


  


 


Observation 1


 


There will exist 


a 


variety of network deployments


 


where SSB reception does not 


spatially or t


emporally match the reception of other 


transmitted 


signals. 


 


B


elow we will provide some examples of scenarios and use cases where the different transmission 


characteristics for different signals may deteriorate system performance or make 


intended 


operation


 


impossible.


 




    3GPP TSG   RAN WG1 Meeting #90                                         R1 - 1 7 1 4048   Prague, Czech Republic, 21 st   –   25 th   August 2017     Agenda Item:   6 .1.1. 6   Source:   Ericsson   Title:   Additional   synchronization provision   Document for:   Discussion, Decision   1   Introduction   It has been agreed  [ 4 ]  that  SSB (NR - PSS and NR - SSS) shall be used for  T/F s ynchronization  for  the purposes  of  receiving signal s   transmitted from an NR cell.      However, i n some  deployments and  scenarios,  the  SSB may not be usable or available   as sync  source   for  receiving additional signals.  This contribution  demonstrates   the existence of  such scenarios and  use cases  where  alternative   sync support  should be considered , and present s a framework for  additional , possibly   dynamic ,   sync provision.   2   Discussion   2.1   A variety of deployments   In order to  handle the expected  broad   range   of NR network requirements, the prospective NR deployments  may differ significantly.  Some aspects that will  differ are t he ISD  of the TRPs  and the degree of  synchronization between the gNBs and TRPs, standalone and non - standalone   operation ,   different SSB  transmission  periods , possible SFN distribution of SSB and system information, etc.     In such varying   deployments, different signals will be transmitted with different spatial and temporal  characteristics. In some cases,  a   mismatch may  occur that  conflict s with   implicit QCL assumptions  between  signals  associated with baseline deployments . This may   complic ate the use of e.g. SSB as a T/F reference for  reception of other signals.   Not all attractive and feasible deployment combinations can be foreseen at this  time.      Observation 1   There will exist  a  variety of network deployments   where SSB reception does not  spatially or t emporally match the reception of other  transmitted  signals.    B elow we will provide some examples of scenarios and use cases where the different transmission  characteristics for different signals may deteriorate system performance or make  intended  operation   impossible.  

