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Introduction
The RAN WG1 was tasked by RAN WG to evaluate feasibility and benefits of inter-UE coordination schemes for sidelink communication. The following objective with study phase is captured in Rel.17 work item description document on NR sidelink enhancements [1]:
	Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.


In this contribution, we discuss response LS [2] from RAN WG1 related to the outcome of the study on feasibility and benefits of inter-UE coordination for sidelink.
Discussion on Inter-UE Coordination
First, we would like to point out that inter-UE coordination is the interesting topic for analysis of potential sidelink benefits and feasibility. In general, it has a huge scope, high complexity and requires appropriate time allocation for the thorough evaluations to find and select solution(s) providing benefits to the system. The topic itself deserves a dedicated study with sufficient time allocated for discussion across multiple meeting cycles.
We acknowledge that RAN WG aimed to reduce scope by providing specific direction for RAN WG1 study. However even general guidance to focus on reliability and assume inter-UE coordination on “set of resources” has many design options / schemes to consider. In summary, we notice that allocated time for discussion on inter-UE coordination schemes was very limited and is not sufficient to identify and conclude on the scheme(s) that can be beneficial for various sidelink communication types (unicast, groupcast, broadcast), traffic patterns and various deployment scenarios. In addition, analysis for inter-UE coordination was done in parallel with other objectives to design sidelink power saving features.
Discussion on RAN WG1 LS
[bookmark: _Hlk49171076]Based on conducted studies so far, RAN WG1 was not able to reach any agreements and only made the following high-level conclusions on inter-UE coordination.

	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type


In summary RAN WG1 categorized schemes for inter-UE coordination in mode 2 sidelink resource allocation and concluded that further study is required from RAN WG1 perspective to complete the assessment of their feasibility and benefits. In addition, aspects that require further discussion and analysis were identified that significantly increase the scope of further potential discussion / work.
Discussion on Provided Evaluation Results
Besides LS, we have following observations on evaluation results provided by companies as an input to feature lead summary document in [3]:
· 7 out of 38 sources contributed to the agenda item have provided limited sets of evaluations results. Sources evaluated different sidelink communication types(broadcast, groupcast, unicast), traffic models (periodic, aperiodic), deployment scenarios (Highway, Urban) (i.e. 12 evaluation scenarios) as further elaborated below:
· 1 source [Intel, R1-2005897] out of 38 sources has provided results for broadcast sidelink communication, periodic traffic in Highway Scenario (BHP)
· Up to 2% average PRR gains are observed in [250..450]m range for genie-aided modelling
· 2 out of 38 sources [Intel, R1-2005897] [LGE, R1-2007896] have provided results for broadcast sidelink communication for aperiodic traffic in Highway Scenario (BHA)
· Different schemes were evaluated by two sources
· Source [Intel, R1-2005897] has not observed gains in average PRR even for genie-aided simulation setup
· Source [LGE, R1-2007896] has observed up to 2% gain in PRR @300m
· 2 out of 38 sources [Mitsubishi, R1- 2008861] [Fujitsu, R1-2007788] have provided results for groupcast sidelink communication for periodic traffic in Highway Scenario (GHP)
· Different schemes were evaluated by two sources
· Source [Mitsubishi, R1- 2008861] observed 5-7% PRR gain in the [150…550]m range for genie-aided modeling setup
· Source [Fujitsu, R1-2007788] observed PRR gain about 1~2% in groupcast, for the case without modeling additional control channel transmission and latency.
· 1 out of 38 sources [Qualcomm, R1- 2009273] evaluated two schemes for results for groupcast sidelink communication, aperiodic traffic in Highway Scenario (GHA)
· For the post collision and HD notification scheme, 20% range increase at 99 PRR percentile and 75% range increase at 99.5 PRR percentile.
· For SCI forwarding scheme no gains observed even for genie aided simulation setup
· 5 out of 38 sources [Intel, R1-2005897], [Mitsubishi R1-2008861], [Huawei/HiSilicon, R1-2007616], [Samsung, R1-2008190], [ZTE, R1-2008879] evaluated unicast sidelink communication, periodic traffic in Highway Scenario (UHP)
· One source [Intel, R1-2005897] observed 3% average PDR gain is observed at 320 m distance for the case of genie aided modeling and no gains in average PDR within [0..320] m range for more realistic modeling
· One source [Mitsubishi R1-2008861] for genie aided modeling observed up to 10% PRR gain.
· One source [Huawei/HiSilicon, R1-2007616] evaluated three schemes and observed the following:
· For the case when only UE-A senses - Significant gain in terms of PRR: PRR gain is 8%~13% in range 350m-500m.  Range increases from 250m to 400m @ PRR=95%. From range=50m to range=500m, PRR of R16 Mode 2 drops by 20%, and PRR of the proposed scheme only drops by 6%. Significant gain in terms of SINR: 4 dB gain @80% samples in SINR CDF curve.
· For the case when both UEs sense union - Small gain in terms of PRR: PRR gain is 3%~5% in range 350m-500m. Range increases from 250m to 300m @ PRR=95%. From range=50m to range=500m, PRR of R16 Mode 2 drops by 20%, and PRR of the proposed scheme drops by 15%. Small gain in terms of SINR: 1 dB gain @80% samples in SINR CDF curve.
· For the case when both UEs sense intersection - Almost no gain or even slightly loss in terms of PRR and SINR.
· One source [Samsung, R1-2008190] for genie aided modeling observed up to 1% average PRR gain in [0..500] m range for Traffic model 1 and up to 19% average PRR gain in [0..500] m range for Traffic model 2.
·  [ZTE, R1-2008879] PRR gain is 0.2 % in range for 320m.
· 2 out of 38 sources [Intel, R1-2005897], [Huawei/HiSilicon, R1-2007616], evaluated unicast sidelink communication, aperiodic traffic in Highway Scenario (UHA)
· One source [Intel, R1-2005897], evaluated two schemes
· Scheme#1 (candidate resource set is shared by assisting UE): No gains in Average PDR in [0..320]m range even for genie aided simulation setup
· Scheme#2 (UE-A selects resources for reception from UE-B): 5% Average PDR gain is observed at 320m distance for genie aided simulation setup and 15% Average PDR loss is observed at 320m distance for more realistic evaluation setup
· One source [Huawei/HiSilicon, R1-2007616], evaluated three schemes without considering signaling overhead
· For the case when only UE-A senses - Significant gain in terms of PRR: PRR gain is 5%~10% in range 350m-500m. Range increases from 200m to 500m @ PRR=95%. From range=50m to range=500m, PRR of R16 Mode 2 drops by 12%, and PRR of the proposed scheme only drops by 4%. Significant gain in terms of SINR:4 dB gain @80% samples in SINR CDF curve.
· For the case when both UEs sense union - Almost no gain in terms of PRR and SINR.
· For the case when both UEs sense intersection - Small gain in terms of PRR: Range increases from 200m to 300m @ PRR=95%. Almost no gain in terms of SINR.
· 1 out of 38 sources [Qualcomm, R1- 2009273] evaluated two schemes for broadcast sidelink communication, aperiodic traffic in Urban Scenario (BUA)
·  For the post collision and HD notification scheme, 20% range increase at 99 percentile PRR. 100% range increases at 99.5 percentile PRR.
· For SCI forwarding scheme no gains observed even for genie aided simulation setup
· 2 out of 38 sources [Intel, R1- 2005897], [vivo, R1-2007689] evaluated unicast sidelink communication, periodic traffic in Urban Scenario (UUP)
· One source [Intel, R1- 2005897], observed 2% average PDR gain at 100 m distance for genie-aided simulation setup and no gains for more practical evaluation setup
· One source [vivo, R1-2007689], observed 2%-3% PRR gain in 0-150m, assuming 1 sub-channel and 1 slot signaling overhead and 0ms latency (idealistic assumption)
· 2 out of 38 sources [Intel, R1- 2005897], [vivo, R1-2007689] evaluated unicast sidelink communication, aperiodic traffic in Urban Scenario (UUA)
· Different schemes were evaluated by different sources
· One source [Intel, R1- 2005897], evaluated two schemes. 
· Scheme#1 (candidate resource set is shared by assisting UE): No gains in Average PDR in [0..150]m range even for genie aided simulation setup
· Scheme#2 (UE-A selects resources for reception from UE-B): 8% Average PDR gain is observed at 150m distance for genie aided simulation setup and 8% Average PDR loss is observed at 150m distance for more realistic evaluation setup
· One source [vivo, R1-2007689], observed 2%-3% PRR gain in 100-150m assuming 1 sub-channel and 1 slot signaling overhead and 0ms latency (idealistic assumption)
Based on analysis of the provided above summary of submitted results, the following is observed:
· Less than 20% of sources have provided evaluation data
· Sources (that provided results) have studied different inter-UE coordination schemes
· Sources (that provided results) have evaluated different sets of scenarios (in terms of cast type, traffic, deployment)
· Majority of sources used genie-aided (idealistic) assumptions in evaluations
· Results even with idealistic assumptions do not show gains more than 10% and typically even smaller values are observed
· Results with more practical evaluation assumptions collected so far do not show gains that justify normative work in Rel.17 and require further analysis

Conclusions
Based on current work status in RAN WG1, analyzed in the previous section, it seems straightforward that RAN WG1 require much more time to conclude on feasibility and benefits of inter-UE coordination schemes for sidelink communication. Therefore, it seems the following options need to be discussed and decided by RAN WG:
· Option 1. Postpone discussion on inter-UE coordination benefits/feasibility/support to future release(s)
· Option 2. Extend the study for inter-UE coordination without targeting normative work in the Rel.17
· Normative work can be done in future releases if benefits and feasibility of inter-UE coordination is concluded in the Rel.17.
· Option 3. Extend analysis of inter-UE coordination benefits and feasibility on one more meeting cycle
· Considering current work status this option does not seem to be realistic without discussion on further scope reduction
From our side considering current work progress on inter-UE coordination, we suggest postponing discussion on this topic (i.e. analysis of benefits/feasibility/support) to future release(s).

 
Postpone discussion on inter-UE coordination benefits/feasibility/support to future release(s)
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