[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting # 108bis	R4-2316638
Xiamen, China, October 09 – October 13, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	NR Sidelink Evolution: UE Demodulation Performance Requirements
Agenda item:	5.30.5
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
In [1], the Work Item Description (WID) of NR Sidelink (SL) Evolution (Evo) is documented. The objective of the performance part is defined as below, in which the related objective for UE demodulation is highlighted in green:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the following requirements [RAN4]
· UE demodulation performance requirements
· UE RRM performance requirements




As RAN4#108bis is the first meeting for NR SL Evo UE demodulation performance, it is expected that the discussions would be around general topic, which may cover early anticipation on NR SL demodulation requirements on NR SL physical channels. Hence, it is worth to also refer to the objective of SI or Core WI or Test part WI as described in [1], to have a better direction in the discussion. Some of the objectives of SI or Core WI or Test part WI that might impact demodulation performance requirements are summarized below:
	4.1 Objective of SI or Core part WI or Testing part WI
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· [bookmark: _Hlk146619700]Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
· Only Mode 2 operation
· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues
· Time resources for PSFCH are aligned among the carriers for CA
· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)
· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)
· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH
· No consideration for limited transmission and reception capability
· No primary/secondary carrier differentiation
· Reuse the LTE sidelink CA design for the following aspects:
· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
· Note: The SL CA work in Rel-18 mainly targets some V2X use cases
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A
· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.
· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· No change to the R16/17 resource allocation procedure in PHY due to this restriction
· The existing SL slot structure from Rel-16 is unchanged
· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.
· Mode 2 operation only



In this contribution, we provide our views on related aspects that need to be discussed in RAN4 to define UE demodulation performance requirements for NR SL Evo. 
[bookmark: _Toc116995842]Discussion
In this section, we will have two subsections, namely, general topics and NR SL UE Demodulation Performance Requirements, to provide our views for discussions in RAN4#108bis on Rel-18 NR SL Evolution UE Demodulation Performance. 
General Topics
As stated in [1], NR SL was initially developed for V2X applications. Since there is growing interest in the industry to expand the applicability of NR SL to commercial use cases, two key requirements have been identified to support such use cases, namely:
· Increased SL data rate, and
· Support of new carrier frequencies for SL.
The increased of data rate can be achieved with the support of SL carrier aggregation (CA) and SL over unlicensed spectrum (SL-U) [1]. 
Another justification for NR SL Evo, as stated in [1], is to consider V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. Such coexistence in using one common carrier for two devices requires good mechanism to efficiently utilize resource allocation by the two technologies while minimizing the negative impact to each technology.
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[bookmark: _Toc146740238][bookmark: _Hlk146146820]RAN4 to discuss the work plan and the scope of UE demodulation performance requirements in Rel-18, whether to include requirements for NR sidelink CA, NR sidelink unlicensed and/or NR sidelink coexistence.
NR SL Demodulation Performance Requirements
In the current Rel-17 specification in [2], UE demodulation performances of SL physical channels are defined for PSSCH, PSCCH, PSBCH and PSFCH. As discussed above, there are three topics in NR SL which have been studied as part of Core WI which may impact the demodulation performance requirements. In the following, we provide our initial views on their possible impacts on UE demodulation performance requirements.
NR SL CA
Based on the objective of Core WI in [1], concerning NR SL CA, some key components are mentioned, for example, 
· Support only LTE SL CA features for NR,
· Reuse the LTE SL CA design for the following aspects: SL carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous SL transmissions, packet duplication,
· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.
Referring to [4], for UE performance requirements of V2X SL communication in LTE, the requirements for LTE SL CA is on PSSCH with performance metric of 5% BLER. 
[bookmark: _Toc146740239]When CA is introduced in a feature, there will be new demodulation requirements for the physical data shared channel for the corresponding feature with CA.
[bookmark: _Toc146740240]In LTE sidelink CA, the performance requirement is on PSSCH with 5% BLER metric.
[bookmark: _Toc146740241]RAN4 to consider defining PSSCH requirements for NR sidelink CA with the same performance metric as in LTE sidelink CA. 
NR SL Unlicensed
In Rel-16 [5], RAN4 has introduced a few requirements on NR-Unlicensed (NR-U) in the specifications for operation with shared spectrum access. For example, the following sub-clauses 5.1.1.9 and 5.2.2.2.15 were defined from NR-U for general applicability and minimum requirements, respectively.
[bookmark: _Toc146635433]NR SL Evo also includes the support for SL in unlicensed spectrum, also known as shared spectrum access, in same bands as supported by NR-U in FR1, i.e., including Band n46 (5 GHz) and Band n96/n102 (6 GHz). There are additional features introduced for unlicensed spectrum operation that may call for new requirements, for example, interlaced allocations and multiple RB sets. 
Regulatory limitations in terms of occupied bandwidth (OCB) and power spectrum density (PSD) guided the design choices for the SL-U channels and, therefore, an interlaced FDM scheme is being specified (in addition to the legacy contiguous RB scheme which may be usable in some regions). With interlaced RBs allocation, the SL resources are allocated in interlaces of 10 equidistant PRBs. The number of interlaces is 10 for 15 kHz SCS and 5 for 30 kHz SCS. The use of interlaces to meet OCB and PSD requirements is being specified in RAN1 for PSCCH/PSSCH, mainly in TS 38.214 subclause 8 (cf., R1-2308720 [6]), such that a sub-channel is mapped to a number of interlaces.
[bookmark: _Toc146740242]The interlace design may impact the PSD and the demodulation performance in frequency selective channels.
[bookmark: _Toc146740243]RAN4 to consider defining requirements for PSSCH for interlaced RBs allocation in frequency selective channels in sidelink unlicensed.
TS 38.213 under subclause 16.1 and 16.3 (cf., R1-2308703 [7]), respectively, are specifying that S-SSB may be transmitted with multiple repetitions in frequency domain with a pre-configured gap to meet the OCB requirement and that interlaces are also used for PSFCH.
[bookmark: _Toc146740244]RAN4 to discuss whether to define requirements for PSBCH and PSFCH in NR sidelink unlicensed by considering the impacts of S-SSB repetitions and interlacing of RBs in PSFCH, respectively. 
NR SL Coexistence
In SL co-channel coexistence between LTE SL and NR SL a so-called Type-A device is introduced. It consists of both an LTE SL and NR SL module and an internal interface between them. The main new feature is on how the NR SL module selects radio resources that accounts for the information the NR modules receives from the LTE module (i.e., reservations other LTE modules has made, intended resources to be used by the LTE module, etc.). This has primarily ended in new procedures in TS 38.214 [3] Section 8.1.4 on resource (re-)selection procedures for SL mode 2. As the Rel-16 specified in-device coexistence framework between LTE SL and NR SL is unaffected by this, and since none of these new behaviors leads for SL co-channel coexistence to change the single-link performance (of either LTE or NR) significantly compared to having other NR or LTE SL transmissions occurring in nearby or overlapping resources, we expect that there would be no need for new demodulation performance test cases. 
[bookmark: _Toc146740245]The main new features in SL co-channel coexistence are on how the NR SL module selects radio resources that accounts for the information the NR modules receives from the LTE.
[bookmark: _Toc146740246]It is not expected that SL co-channel coexistence to change the single-link PSSCH performance (of either LTE or NR) significantly.
[bookmark: _Toc146740247]RAN4 to discuss the impact of NR sidelink coexistence on the single-link performance of either LTE or NR, if any. Without any impacts, RAN4 may exclude requirements for NR sidelink coexistence.
[bookmark: _Toc116995848]Conclusion
In this contribution, we provide our views on general topics and NR SL demodulation performance requirements for discussion in RAN4#108bis meeting on NR SL Evo demodulation. The following Observations and Proposals were made:
Observation 1: NR sidelink CA, NR sidelink unlicensed and NR sidelink coexistence have been studied in Core WI as part of enhancement of NR sidelink in Rel-18.
Proposal 1: RAN4 to discuss the work plan and the scope of UE demodulation performance requirements in Rel-18, whether to include requirements for NR sidelink CA, NR sidelink unlicensed and/or NR sidelink coexistence.
Observation 2: When CA is introduced in a feature, there will be new demodulation requirements for the physical data shared channel for the corresponding feature with CA.
Observation 3: In LTE sidelink CA, the performance requirement is on PSSCH with 5% BLER metric.
Proposal 2: RAN4 to consider defining PSSCH requirements for NR sidelink CA with the same performance metric as in LTE sidelink CA.
Observation 4: The interlace design may impact the PSD and the demodulation performance in frequency selective channels.
Proposal 3: RAN4 to consider defining requirements for PSSCH for interlaced RBs allocation in frequency selective channels in sidelink unlicensed.
Proposal 4: RAN4 to discuss whether to define requirements for PSBCH and PSFCH in NR sidelink unlicensed by considering the impacts of S-SSB repetitions and interlacing of RBs in PSFCH, respectively.
Observation 5: The main new features in SL co-channel coexistence are on how the NR SL module selects radio resources that accounts for the information the NR modules receives from the LTE.
Observation 6: It is not expected that SL co-channel coexistence to change the single-link PSSCH performance (of either LTE or NR) significantly.
Proposal 5: RAN4 to discuss the impact of NR sidelink coexistence on the single-link performance of either LTE or NR, if any. Without any impacts, RAN4 may exclude requirements for NR sidelink coexistence.
[bookmark: _Toc116995849]
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