3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108835
e-Meeting, Oct. 11 – Oct. 19, 2021
Agenda Item:	8.17.11
Source:	FUTUREWEI
Title:	UE features for NR sidelink enhancement
Document for:	Discussion and decision
[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk83578208]At RAN#86, a WI on sidelink enhancements was agreed for Rel-17 [1] , modified in [2], and updated in [3]. In the latest WID in [3], the objectives on resource allocation enhancements to enhance reliability include: 
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· [bookmark: _Hlk83578306]This work should consider the impact of sidelink DRX, if any.
· Study the feasibility and benefit of solution(s) on 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(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· 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 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.
As the Rel-17 is expected to be completed soon, the preliminary RAN1 UE features for Rel-17 NR were provided in [4] including the UE features for Rel-17 sidelink based on the WI sidelink enhancements. 
In this contribution, we provide comments on the drafted UE features for enhanced sidelink in [4]. Based on the discussions, we provide our proposed updates on the UE features on sidelink enhancements.
Discussions
In the preliminary RAN1 UE features for Rel-17 NR summarized in [4], five FGs were listed as follows. 
· 32-1	[Receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB]
· 32-2	[Receiving NR sidelink of PSFCH/S-SSB only]
· 32-3	Transmitting NR sidelink mode 2 with full sensing
· 32-4	Transmitting NR sidelink mode 2 with partial sensing
· 32-5	Inter-UE coordination in NR sidelink mode 2
The original table with the details for the NR sidelink enhancement in [4] is included in Appendix, Table 1. 
Based on the following conclusions in RAN1#103-e and in RAN1#104-e, three types of UEs are supported as a reference for evaluation/design in Rel-17, i.e., Type A, Type B, and Type D UEs.
Conclusion: (RAN1#103-e)
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 

Conclusion: (RAN1#104-e)
· PSFCH reception is not included for Type A UE
· S-SSB reception is not included for Type A UE
· SL reception Type B is additionally added
· Type B: Same as Type A with an exception of performing PSFCH and S-SSB reception
· Note: the same conditions as in RAN1#103-e regarding the context of the discussion of Type A and Type D still apply (also applicable to type B)

Clearly, the proposed features 32-1 and 32-2 in [4] are corresponding to Type D and Type B UEs, respectively. Type A UE is (possibly) indicated by a UE not supporting either FG 32-1 or 32-2. However, there are some issues with these two FGs. 
First, it is not clear that three types of UEs and associated capability are eventually the agreed Rel-17 UE capabilities or UE features, as in the conclusions, the three SL reception types are used as the reference for evaluation and designing of SL power saving features in R17. There were no follow-up discussions and agreements on these three reception types and UE capabilities. It can be interpreted as these three reception types are different power saving reception modes, not different types of UEs. Also based on the following agreement in RAN1#106-e on SL DRX, it may imply that all UE can perform reception and therefore only Type D is supported as a UE feature if it is applied to all UEs that support Rel-17 SL power saving features.
Agreement: (RAN1#106-e)
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time. 
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation 
· FFS: Other details 
Based on this, we may not need to specify the UE features for these SL reception types, but rather focus on the RRC parameters and configurations needed for different SL reception types as different power saving modes.
Second, based on the WID in [3], the objective for power saving is to introduce sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2. Also, it is included in the WID that enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16. The WID indicates that Rel-16 NR sidelink resource allocation mode 2 is the prerequisite of the power saving features for Rel-17 sidelink. Based on the latest Rel-16 UE features in [5], the feature of sidelink resource allocation mode 2 is defined as UE FG 15-3, which includes full sensing feature (component 4) indicating capability of PSCCH reception. Moreover, the prerequisite of UE FG 15-3 is FG 15-1 which include the SL reception of PSCCH/PSSCH and PSFCH. If the Rel-16 SL features are pre-requisites of Rel-17 SL features, it is not necessary to define the UE features as FGs 32-1 and 32-2 in [4].
Third, if FGs 32-1 and 32-2 in [4] are new UE features or new UE capabilities for power saving to be included in Rel-17, it means that some of Rel-16 SL features are not supported for Rel-17 UEs, e.g., for 32-2, the UE receptions in 15-1 and full sensing in 15-3 are not supported. However, a UE which supports 32-1 shall support some other components in FG 15-3 for mode 2 transmissions, as well as some feature components in 15-1 such as PSFCH reception. Therefore, since by the default, Rel-16 SL features cannot be used as prerequisites for 32-1 and 32-2, the list of components in Rel-16 sidelink FGs should be detailed and listed as the prerequisites for these new features in Rel-17.
Finally, the random resource selection in any resource pool (rather than just the exception pool) is new feature that should be included in Rel-17. Random resource selection support in unclear in 32-1/32-2, and as written a UE that supports full sensing in 32-3 of [4] may be disallowed from using random resource selection.
Therefore, to resolve the above issues, our preference is not to define Type A (UE not capable of receiving any NR sidelink signals and channels) and Type B (UE receiving NR sidelink of PSFCH/S-SSB only) as new UE features (types) in Rel-17. We can specify Type A and Type B as different power saving modes for the UE configured by RRC signalling. For Type D, UE receiving NR sidelink of PSCCH/PSSCH/PSFCH/S-SSB, it specifically means that the UE supports Rel-16 sidelink mode-2. We then add one or more Rel-17 PS features on top of Type D, for example, random resource selection. Then instead of including Type D as a new feature row in the table, we properly list Rel-16 sidelink mode 2 as the prerequisite feature for the Rel-17 power saving features. In summary, reasons for “type D only” can be summarized as follows.
1. The WID is exactly written in the manner that rel-17 sidelink enhancement is an enhancement of Rel-16 NR sidelink resource allocation mode 2.  
1. No agreement so far can be read as explicitly agreeing to add a UE that cannot perform some Rel-16 SL mode-2 basic features/components but not all.
1. No need to examine and possibly redefine Rel-16 functionality other than sensing.

We therefore have the following proposal for the UE SL features for Rel-17 sidelink enhancements.
Proposal: the following UE sidelink features are the list of new sidelink features to be included in Rel-17 for sidelink enhancement:
· 32-1: Transmitting NR sidelink mode 2 with random resource selection with UE FG 15-3 as the prerequisite FG.
· 32-2: Transmitting NR sidelink mode 2 with partial sensing with UE FG 15-3 as the prerequisite FG.
· 33-3: Inter-UE coordination in NR sidelink mode 2 with UE FG 15-3 as the prerequisite FG
On the other hand, we anticipate that some companies may want to include “no sensing” Type A (UE not capable of receiving any NR sidelink signals and channels) and/or Type B (UE receiving NR sidelink of PSFCH/S-SSB only) in addition to Type D (UE receiving NR sidelink of PSCCH/PSSCH/PSFCH/S-SSB) UEs as in the draft [4]. However, as previously discussed, the Rel-16 FGs/components need to be checked and we need to include the appropriate and detailed Rel-16 FGs/components as the prerequisite feature list for the introduced new features. Also, random resource selection (in any pool, not just the exception pool) should be included as a new feature for all Rel-17 UE types. Though not our preference, here we show the checking and modifications required to go that route.
To include these new features, the Rel-16 sidelink mode 2 feature list must be examined in detail. As shown in [5], the UE FGs mandatory for sidelink transmission mode 2 are 15-1, 15-3, 15-4, 15-5, 15-11, and 15-23. We now discuss the new SL features and structures, as well as the required Rel-16 SL UE features/components as pre-requisites for the new feature.
First, for the new feature related to Type A/Type B UEs, random resource selections are included as the FG components. For the Type B UE feature, i.e., receiving NR sidelink of PSFCH/S-SSB only, here are the discussions on the related Rel-16 UE features as the pre-requisites of this new feature.
· 15-1: For UE SL reception FG 15-1, all are not supported except component 8 as SCS and CP still needs to be reported for PSFCH reception.
· 15-3: All transmission features in FG 15-1 are needed except component 4 for full sensing as the UE with this new feature does not support PSCCH reception.
· 15-4: Synchronization is needed for SL transmission. S-SSB reception is supported in this feature. Therefore, FG 15-4 is supported.
· 15-5: It is not clear for now whether 15-5 is required for this feature as there is no decision or agreement on whether congestion control based on CBR and CR for power saving RA schemes.
· 15-11: This FG is needed as PSFCH reception is supported in this new feature
· 15-23: This FG cannot be supported as UE cannot receive the RSRP report from Rx UE for open loop power control.
This new feature is included as updated FG 32-2 in Table 2, which is the updated based on original proposed feature in [4].
For type A UE, the new feature termed as random resource selection only is included as the updated FG 32-1 in Table 2. The prerequisites can be based on the prerequisites for the updated FG 32-2 receiving NR sidelink of PSFCH/S-SSB only with further reductions.
· 15-1: The FG is not needed as no reception of NR sidelink signals and channels are supported.
· 15-3: Same as the updated FG 32-2, all transmission features in FG 15-1 are needed except component 4 for full sensing as the UE with this new feature does not support PSCCH reception.
· 15-4: Synchronization is needed for SL transmission, but S-SSB reception is not supported in this feature. Therefore, FG 15-4 is supported except the component 1.
· 15-5: It is not clear for now whether 15-5 is required for this feature as there is no decision or agreement on whether congestion control based on CBR and CR for power saving RA schemes.
· 15-11: This FG is not supported as PSFCH reception is not supported in this new feature
· 15-23: Similarly, as before, this FG cannot be supported.
For Type D UE, i.e., the feature of receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB, is included as updated FG 32-3 in Table 2. The random resource selection is included as a component in the FG. The prerequisites include all Rel-16 SL mode 2 features except the component 4 in FG 15-3.
The partial sensing feature is listed as FG 32-4 in Table 2. The prerequisite of the partial sensing is Rel-16 full sensing. Therefore, all Rel-16 features are supported. Since it may not be necessary that UE supporting partial sensing also supports random resource selection, the random resource reselection is not included. The FG 32-3 is not listed as the prerequisite of partial sensing either. For simplicity, a UE that supports random resource selection would also support 32-1, 32-2, or 32-3. 
For the inter-UE coordination feature, it is not necessary that a UE supporting the inter-UE coordination must support the partial sensing feature or vice-versa. However, as both features are in Rel-17, the combination should also NOT be prevented. So, the terminology basic feature group is not used for either as they are both "optional". The pre-requisite for inter-UE coordination is listed as Rel-16 mode 2 basic features. The inter-UE coordination feature is included a as FG 32-5 in Table 2.   

[bookmark: _Ref61360133]Observation: Supporting “no sensing” type A and/or type B UEs in addition to type D requires careful examination of rel-16 FGs and clear support of random resource selection.
· An example is shown in Table 2 of the Appendix.

Conclusion
The new UE features for Rel-17 sidelink enhancement were discussed. We observe and propose the following:
Observation: Supporting “no sensing” type A and/or type B UEs in addition to type D requires careful examination of rel-16 FGs and clear support of random resource selection.
· An example is shown in Table 2 of the Appendix.
Proposal: the following UE sidelink features are the list of new sidelink features to be included in Rel-17 for sidelink enhancement:
· 32-1: Transmitting NR sidelink mode 2 with random resource selection with UE FG 15-3 as the prerequisite FG.
· 32-2: Transmitting NR sidelink mode 2 with partial sensing with UE FG 15-3 as the prerequisite FG.
· 33-3: Inter-UE coordination in NR sidelink mode 2 with UE FG 15-3 as the prerequisite FG
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Appendix
32. NR_SL_enh
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	32. NR_SL_enh
	32-1
	[Receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB]
	1) UE can receive NR PSCCH/PSSCH/PSFCH/S-SSB.
	None
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-2
	[Receiving NR sidelink of PSFCH/S-SSB only]
	1) UE can receive NR PSFCH/S-SSB only.
	None
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-3
	Transmitting NR sidelink mode 2 with full sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with full sensing configured by NR Uu or preconfiguration.
2) UE supports the sensing and resource allocation operation as specified in Rel-16.
	[32-1]
	[Yes]
	[No]
	[UE can perfom random resource selection only]
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-4
	Transmitting NR sidelink mode 2 with partial sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with partial sensing configured by NR Uu or preconfiguration.
2) UE can perform periodic-based partial sensing and resource allocation operation.
3) UE can perform contiguous partial sensing and resource allocation operation.
	[32-1], [32-3]
	[Yes]
	[No]
	UE does not support trasmissoin according to the partial sensing and resource allocation
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-5
	Inter-UE coordination in NR sidelink mode 2
	1) UE can transmit and receive inter-UE coordination information of preferred resource set/non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit and receive inter-UE coordination information of presence of expected/potential resource conflict and use the received information in its own resource re-selection in NR sidelink mode 2.
3) UE can transmit and received an explicit request for inter-UE coordination information of [FFS: preferred resource set only or both preferred resource set and non-preferred resource set].
	[32-1]
	[Yes]
	[Yes]
	UE does not support inter-UE coordination in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.


[bookmark: _Ref71077507]Table 1 Initial proposed UE features for Rel-17 sidelink enhancement in [4].

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	32. NR_SL_enh
	32-1
	[Receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB]
[Random resource selection only]
	1) UE can receive NR PSCCH/PSSCH/PSFCH/S-SSB.  is not capable of receiving any SL signals and channels. 
2) UE supports random resource selection 
	None
15-3 (except component 4),
15-4 (except component 1)
15-5 (FFS)

	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-2
	[Receiving NR sidelink of PSFCH/S-SSB only]
	1) UE can receive NR PSFCH/S-SSB only.
2) UE supports random resource selection
	None
15-1 (component 8 only),
15-3 (except component 4),
15-4,
15-5 (FFS),
15-11
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-3
	Transmitting NR sidelink mode 2 with full sensing
[Receiving NR sidelink of PSCCH/PSSCHPSFCH/S-SSB]
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with full sensing configured by NR Uu or preconfiguration.
2) UE supports the sensing and resource allocation operation as specified in Rel-16.
3) UE supports random resource selection
	[32-1]
15-1 
15-3 (except component 4),
15-4,
15-5,
15-11,
15-23
	[Yes]
	[No]
	
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-4
	Transmitting NR sidelink mode 2 with partial sensing
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 with partial sensing configured by NR Uu or preconfiguration.
2) UE can perform periodic-based partial sensing and resource allocation operation.
3) UE can perform contiguous partial sensing and resource allocation operation.
	[32-1], [32-3]
Rel-16 SL mode 2 features
	[Yes]
	[No]
	UE does not support trasmissoin transmission according to the partial sensing and resource allocation
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.

	32. NR_SL_enh
	32-5
	Inter-UE coordination in NR sidelink mode 2
	1) UE can transmit and receive inter-UE coordination information of preferred resource set/non-preferred resource set and use the received information in its own resource (re-)selection in NR sidelink mode 2.
2) UE can transmit and receive inter-UE coordination information of presence of expected/potential resource conflict and use the received information in its own resource re-selection in NR sidelink mode 2.
3) UE can transmit and received an explicit request for inter-UE coordination information of [FFS: preferred resource set only or both preferred resource set and non-preferred resource set].
	[32-1] 
Rel-16 SL mode 2 features 
	[Yes]
	[Yes]
	UE does not support inter-UE coordination in NR sidelink mode 2.
	[Per band]
	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling. FFS: For UE supports NR sidelink, UE must indicate this FG is supported.


[bookmark: _Ref83605717]Table 2 Exemplary updates on UE features for Rel-17 sidelink enhancement.

