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1. Introduction
RAN#84 endorsed Rel-17 preparation in [1] and the following email discussion was included for sidelink enhancements:
	· [Sidelink_enh] (moderator: LG, Oppo)
· Includes V2X, Commercial, and Critical Comms, FR2 aspects
· Relay aspects, architecture aspects, related Uu aspects
· Focus on common functions across the key use cases
· Achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink while addressing their specific requirements
· Consider spinning off non-sidelink V2X aspects into a separate thread


This document is the summary of the corresponding email discussion.

2. Design principles and operation scenarios
Rel-16 sidelink is being designed to support V2X use cases with a note that it can support Critical Communications (i.e., public safety) use cases if the requirement can be fulfilled. The email discussion plan endorsed in [1] also mentions “Focus on common functions across the key use cases” and “Achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink while addressing their specific requirements.” Based on these, the design principle of Rel-17 sidelink can be to specify the common solution which can cover different use cases including V2X, Commercial and Critical Communications. Meanwhile, design in Rel-17 can focus on introducing enhancements to those specified in Rel-16, instead of re-designing fundamental sidelink functionalities introduced in Rel-16. Companies are invited to provide views on the design principles of Rel-17 sidelink enhancements.

	Company
	View on the design principles

	OPPO
	Based on the guidelines endorsed in [1] and reiterated above, introducing new solutions in Rel-17 or making enhancements to Rel-16 designs should aim to achieve max commonality between all use cases and avoid re-designing fundamental sidelink functionalities. However, a new Rel-17 solution or an enhancement does not necessarily mean it should be applicable and used by all use cases. For example, partial sensing or no sensing could be useful for VRU in V2X but they may not be suitable for commercial and PS. Similarly, a new solution that targets / designed for use in OOC may not be applicable for NCIS use cases, and vice versa. Therefore, it should still be allowed to introduce solutions/enhancements that are specific for one or a subset of use cases in Rel-17 whenever it is suitable.

	Qualcomm
	Rel-17 V2X enhancements should be based on functionalities introduced in Rel-16. Physical layer changes should be minimized to help the ecosystem and reduce backward compatibility issues. Enhancement commonalities between V2X and non-V2X can be good target in principle. However, given the nature of V2X deployment and non-V2X deployment can be quite different which can result in non-trivial differences in design. It is therefore required to identify enhancements for V2X and non-V2X separately. 
Hence, we are proposing to separate V2X and non-V2X into two tracks. Since In Rel-16 it is agreed that Rel-16 V2X can also be used for public safety (when it requirements can be satisfied) hence V2X and Public safety should also be considered together in Rel-17.
We propose to directly start WI for V2X and Public safety. Whereas for non-V2X, in Rel-17 only consider SI.

	LGE
	Rel-17 sidelink work should be based on the endorsed principle of achieving maximum commonality among different use cases for the standardization efficiency and economy of scale. Also, Rel-17 sidelink work should take an evolutionary approach where enhancements are added to the functionalities introduced in Rel-16.

	Samsung
	Considering that 3 meetings are left to complete Rel-16 V2X WI on time, down-scoping of Rel-16 V2X is quite necessary. So, many leftovers from Rel-16 V2X are expected and they should be under the scope of Rel-17 sidelink enhancement.
On the other hand, the guideline is saying that it is desirable to focus on common functions across the key use cases and to achieve maximum commonality between commercial, V2X and critical communication usage of sidelink. However, at this point, it is not clear which use cases/functions are targeted for commercial, for non-V2X or for critical communications.
So, it is proposed to identify use cases/functions for commercial, V2X and critical communications first. Then, we can strive for following the guideline.

	Kyocera
	We propose Rel-17 WI for V2X/Public Safety and SI for non-V2X.

	Volkswagen AG
	Welcomes that different industry sectors can benefit from enhancements of the sidelink.
3GPP is asked to ensure that automotive relevant enhancements of the sidelink don’t get sacrificed by efforts to make the sidelink as universal as possible.
Potential leftovers from Rel-16 work shall be in scope of Rel-17 work.

	Fraunhofer
	Topics that were left out due to lack of time in Rel-16 should be considered with priority.
One focus should be on the identification of common functionalities for the key use cases across commercial, V2X and critical communication deployment of sidelink, as long as the requirements for the use cases match. However, as V2X use cases and their specific requirements are expected to at least partially differ from non-V2X use cases, a separation between V2X and non-V2X use cases may be appropriate to address their specific requirements.

	Huawei, HiSilicon
	Common technical solutions among the three use case categories are desirable where possible, but this should not preclude the development of techniques for use cases which will expand the support and deployment of NR sidelink.
New features and enhancements to existing features in Rel-17 need to be backward compatible with Rel-16. 

	MediaTek
	Agree with the summary above.  Common design for the various use cases should be a main guiding principle, and we should build on the existing Rel-16 functionality.  But this should be a general principle rather than a hard requirement, i.e. we should not forbid that some functionalities are specific to particular use cases if that turns out to be the most reasonable way to specify them (e.g. discovery may be useful for non-V2X cases while not needed for V2X).

	FirstNet
	It is prudent to identify all use cases pertaining to critical communications, V2X, and commercial and their respective aspects first and then strive for maximum commonality in Release-17 without compromising basic needs of various use cases.

	NTT DOCOMO
	Current NR V2X Rel-16 has already dropped some scope, and further down-scope would be done. They will be fundamental and common features for any considerable use cases of sidelink. Rel-17 sidelink enhancement should specify them on NR Rel-16 spec. as the highest priority. Meanwhile, the guidance recommends to consider specific use cases as Commercial and Critical Communication with commonality. So new specific requirements can be a target. Note that it is unclear how many NR-SL Rel-16 specifies sidelink fundamental functionalities in current condition.

	Fujitsu
	According to the ongoing NR-V2X, it seems that many leftovers will be shifted to Rel-17. Rel-17 should focus on the enhancement of V2X other than non-V2X. The specification in use cases of non-V2X are important in future releases, but at this moment, it is not that clear for this urgency.

	CATT
	Rel-17 sidelink enhancement should be based on Rel-16 sidelink framework to further enhance in supporting advanced V2X services, Commercial use cases and Critical Communications.   The normative work of V2X enhancement in Rel-17 should focus on technical solutions with jointly consideration of supporting V2X, public safety and commercial use cases.

	NEC
	On top of what supported in Rel-16 sidelink, focus on common functions for V2X, commercial and critical communication. Commercial or critical communication specific features (if identified) can be supported in future release.
Rel-16 leftovers should be supported in Rel-17.

	vivo
	Generally, it is favorable to strive for a common design as much as possible for all the sidelink use cases, for example, a basically common physical layer structure. 
On the other hand, given that the requirements of different use cases may diverse significantly in some aspects, solutions considered for each use case should be supported. For example, Rel-17 PUE should coexist with Rel-16 VUE in the same resource pool on the same carrier for V2X operation. On the other hand, such backward compatibility is not needed for Rel-17 NCIS UE. Another key difference is that the out-of-coverage application, which is an important use case for V2X and PS, is not required for NCIS. Therefore, scenario-specific solutions considering different requirements should be supported.

	Spreadtrum
	It can be foreseen that only fundamental sidelink functionalities will be addressed in Rel-16 NR V2X, and thus, Rel-17 sidelink work should first focus on advanced features to well support NR V2X use cases. Then, based on the NR V2X work, further enhancements specified for Commercial and Critical Communications can be designed thereafter.

	Lenovo/MM
	Rel-17 WI should focus on the leftover of Rel-16 V2X and Public Safety. 
Commercial usage of sidelink and new features for V2X can be in another new SI.

	Ericsson
	To avoid duplication of work and overhead and undesirable splits and incompatibilities, all the sidelink work must be covered in a single item:
· After targeting V2X in Rel-16, RAN WGs must focus on PS, which is the other clear use case for sidelink. 
· Regarding the potential left-overs from V2X, their usefulness should be assessed before being added to the Rel-17 SID/WID.
· It is necessary to have a SID/WID with reasonable scope and size, avoiding down-scoping. Having further use cases in Rel-17 is not possible.
For these reasons, it is necessary two consider the following two aspects:
· Have a unified sidelink design that can address the different use cases. Avoid having two or more incompatible sidelinks like LTE Rel-12/13 (ProSe) and Rel-14/15 (V2X).
· Rel-17 design must consider forward compatibility aspects for future extension.
This will simplify the adoption of new use cases in coming releases, as their business interest becomes clear.

	AT&T
	1. Achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink
2. Cover both FR1 and FR2. (especially optimize FR2 performance)
3.Optimize sidelink performance (spectrum efficiency, latency, device power consumption etc.) for in-coverage case. 

	Sony 
	Rel-17 V2X communication should be enhanced based on Rel-16 sidelink functionalities and also include potential Rel-16 leftovers. As for commercial and critical communications, i.e. non-V2X, the design principle of Rel-17 sidelink should aim for as much commonality as possible with the Rel-17 V2X communication for the standardization efficiency. SA1 use-cases for non-V2X require RAN analysis first to identify the degree of commonality that can be achieved with V2X. That is why it is suggested to start with a separate Rel-17 SI on NR Sidelink and Relays.

	Nokia
	Sidelink enhancements that are necessary for Public Safety and sidelink enhancements that are necessary (if any) for V2X should be handled in the same item and should be the main focus. 
As a first step, functionalities for these two areas that are strongly needed but missing from Rel-16 should be identified. The number of enhancements introduced should be minimized and should be based on clearly identified need.
Fundamental sidelink functionalities introduced in Rel-16 should not be redesigned. 
Sidelink functionality for public safety should be designed with maximum commonality with V2X, to facilitate a common platform for both. 

	Convida Wireless
	For supporting non-V2X use cases, Rel-17 should generally strive for a common sidelink design for both V2X and non-V2X use cases as much as possible. To achieve this objective, the following may be considered:
· Identify the key use cases and performance requirements for non-V2X sidelink such as public safety, commercial, etc.
· Based on the outcome from the study on the key use cases and performance requirements, identify key functional and performance enhancement based on Rel 16 V2X framework.
For the functions or features down scoped from Rel 16 V2X, any further study is unnecessary, and a new WI is more practicable.

	Toyota ITC
	We agree with the guidelines endorsed in [1]. On the other hand, since V2X and non-V2X use cases and requirements can be quite different, we should not focus on only functionality that can be applied to all V2X and non-V2X use cases. If some functionality is really useful for specific use cases, that functionality should be considered. 
Regarding the design principle of Rel-17 sidelink enhancements for V2X, we need to ensure interoperability between Rel-16 and Rel-17 at PHY layer if Rel-16 and Rel-17 operate in the same resource pool unless non-interoperable enhancements from Rel-16 are essential. This is because once a specific sidelink technology (e.g., Rel-16) is deployed, we need to keep using it for a long time (e.g., several decades) due to long car life in order to ensure long-term interoperability. If interoperability between Rel-16 and Rel-17 at PHY layer is not ensured, sidelink enhancements from Rel-16 would reduce the incentive to use Rel-16. In addition, we need to ensure co-channel coexistence in the same resource pool between Rel-16 and Rel-17 to avoid resource fragmentation between Rel-16 and Rel-17 as well as potential future releases.

	Intel
	Certainly, reuse of the designed building blocks or procedures is desirable. However, different use cases/applications require different functionality to meet different KPIs. If KPIs and scenarios are substantially different the chance to reuse previous frameworks is small. There is similarity between V2X and PS use cases and thus some of the V2X design frameworks can be leveraged for PS. As for other use cases, we think it is better to analyze them case by case. So far, we see V2X and PS as use cases for further sidelink evolution and development in R17. Other potential use cases include sidelink IIoT, NCIS, MTC etc. For these use cases radio-layer KPIs and operation scenarios need to be analyzed and studied first. Whether V2X design or its evolution can be easily adopted for other use cases require more analysis.

	OMESH
	Complete the support for V2X and PS, but keep the forward compatibility to commercial and smart infrastructures.

	Xiaomi
	Rel-16 sidelink design for V2x should be the starting point for Rel-17 Sidelink design for both V2x and non-V2x use cases. Maximum commonality between commercial, V2X and critical communication usage of sidelink can be achieved by allowing only necessary enhancements for Rel-17 sidelink use cases. It would be good if different Rel-17 sidelink use cases share the same service requirement. However, the deployment scenarios, service requirement, etc. of Rel-17 sidelink use cases can be much different, especially between V2x and commercial sidelink use cases. It should be allowed to identify separate enhancements for unique service requirements of each use case. 

	ZTE
	We tend to agree with the design principle that we try to reuse legacy mechanism to support new use cases instead of designing everything from scratch. However, considering the limited time, we think it is necessary to first clarify and filter out the potential use cases for commercial, V2X, and critical Communication that we aim to support or enhance in Rel-17.

	Philips
	The REFEC study in SA1 shows many other use cases than V2X and critical safety, such as the use of sidelink based relaying for wearables, extended coverage in the home and rural areas, (I)IoT, support for various vertical industries, etc. Release 17 sidelink enhancements should strive for maximum reuse and hence also take these commercial use cases into account.

	InterDigital
	We anticipate some leftovers from Rel-16 V2X and those should be given some priority in Rel17.  While we should attempt to achieve a unified design for all use cases, certain applications may require scenario-specific solutions to meet the requirements of those applications and this should not be ruled out.   

	Futurewei
	The options on the sidelink should be limited, and striving for a design that is as common as possible for all use cases should be a key principle of enhancements in Rel-17. 

	Vodafone
	We think as a general rule we should minimize physical layer changes for sidelink, with most focus on minor backwards compatible leftovers to V2X including V2P. We think that would give a good baseline to cover other use cases, but would avoid doing other enhancements to cover other use cases at this stage.

	CMCC
	Commercial, V2X, and critical communication usage of sidelink should achieve a common design at least on physical layer, e.g. physical channel structure, and Rel-16 sidelink should be the starting point. Meanwhile, specified use case and requirement of the three cases should be identified for the Rel-17, enhancement targeting these use cases and requirements should also considering maximize the commonality to help the ecosystem, minimize specification effort, reduce backward compatibility issues and maximize forward compatibility. For example, power saving mechanism could be designed for V2P together with commercial/critical communication, unicast throughput enhancement could be enhanced for V2X together with commercial communication, and network assisted sidelink design could be enhanced for all the three cases.
Specially, if licensed spectrum is used, e.g. for commercial use case, it is necessary to ensure that any communication on sidelink is managed and controlled by network.

	LGUPLUS
	We propose to focus on V2X enhancement and commonality of sidelinks services in Rel-17 WI.
UE relaying is different use cases so need to start SI.

	TCL
	Focus on: 
· sidelink enhancements to cover Rel-16 leftovers and allow use-cases supports. 
· Sidelink enhancements necessary for improved PS 

	ORANGE
	· Rel17 V2x to be based on Rel16 design principles
· a Rel17 WI for enhancements is preferred
· Non-V2x design could diverge from NR V2x design principles:
· side-link for commercial devices needs to be open to a specific design – a Rel17 SI is preferred to clarify use cases, objectives and feasibility
for Public Safety, despite the agreement to re-use Rel16 V2x design, we would recommend to remain open between re-using V2x design, or in a second step relying on side-link for commercial UEs if specified. Indeed, the latter may help the Public Safety ecosystem if economies of scale are driven by commercial UEs.

	KPN
	In SA1 we see Rel-17 sidelink requirements in all kinds of work items and studies: NCIS - interactive services like gaming, REFEC - UE relaying to increase (indoor) coverage for Factory of Future, inhome, logistics, public safety, wearables, etc (see 22.866v040 to be approved at next plenary), control of UAVs, et cetera. Getting support for all of this, may require multiple releases but we should start on the non-V2X use cases. 

	NOVAMINT
	We support position of Qualcomm, Orange and some others:
· Rel-17 V2X enhancements based on Rel-16 design and to start directly a WI for V2X (and eventually for Public Safety)
· Non V2X to consider a SI to evaluate real need, options and potential other designs to fulfill use cases expectations



Operation scenarios of Rel-17 sidelink need to be settled down in order to proceed with more detailed work scope. It is necessary to discuss the target scenario in terms of the network coverage (e.g., inside network coverage, outside network coverage, partial network coverage) and the sidelink spectrum (e.g., licensed spectrum also used for Uu, ITS dedicated spectrum). In addition, coexistence with Rel-16 sidelink can be an important scope for the operation scenario discussion, i.e., whether Rel-17 sidelink targets coexistence with Rel-16 sidelink in the same resource pool/BWP, in the same channel or in the same frequency band. Companies are invited to provide views on the Rel-17 sidelink operation scenarios, e.g., in terms of the network coverage, sidelink spectrum, coexistence with Rel-16 sidelink.
	Company
	View on the sidelink operation scenarios

	OPPO
	· On network coverage, all coverage scenarios (IC, OOC, PC) should be supported for all V2X, commercial and PS.
· On sidelink spectrum, licensed spectrum including FR1 and FR2 should be support for all use cases. In addition, ITS spectrum and dedicated carrier(s) should be additionally considered for V2X and PS, respectively.
· On coexistence, it is expected that Rel-16 and Rel-17 sidelink can coexist in same resource pool/BWP for V2X. However, it can be reasonably expected that there is no co-existence of Rel-16/17 sidelink in a same resource pool/BWP for commercial and PS.

	Qualcomm
	· Rel-17 V2X
· Scenarios in terms of network coverage:
· Similar to Rel-16, consider inside network coverage, out of coverage, partial network coverage. This is applicable for Public safety communications as well.
· Spectrum: 
· Similar to Rel-16 consider band agnostic design from RAN1/RAN2 specification point of view. From RAN4 point of view 
ITS and licensed spectrum can be considered. Public safety targets Public safety bands.
· Coexistence:
· Co-Channel co-existence of Rel-16 and Rel-17 should be supported. This can result in different resource pools for Rel-16 and Rel-17 e.g. pool for V2P, pool for higher reliability communications etc.
· Rel-17 non-V2X
· Scenarios:
· For commercial non-V2X to keep the scope small consider only in-coverage scenario.
· Spectrum: 
· Consider licensed and unlicensed spectrum for commercial non-V2X communications. 
· See Section 3.8 for unlicensed spectrum aspects
· Coexistence:
· There is no requirement for non-V2X to co-exists with non-V2X or V2X.

	LGE
	Rel-17 sidelink should support all the coverage scenarios (in-coverage, out-coverage, partial coverage) and both licensed spectrum and ITS spectrum. Also it is important to support coexistence of Rel-16 and Rel-17 sidelinks in the same resource pool in order to avoid resource fragmentation especially in ITS spectrum.

	Samsung
	· Rel-17 V2X and PS
· Scenarios: Same as in Rel-16, within network coverage, out of coverage, partial network coverage are considered.
· Spectrum: Similar to Rel-16, common design between FR1 and FR2 is supported. ITS for V2X, PS bands for Public safety and licensed spectrum are considered. 
· Coexistence: Co-Channel co-existence of Rel-16 and Rel-17 should be supported.

	Kyocera
	For the network coverage, all scenarios InC, OoC and Partial coverage must be supported. Similarly, from the spectrum perspective both the FR1 and FR2 must be considered. We do not expect much specification difference between the licensed and unlicensed band V2X operations. 
There is no issue for the coexistence operation; however, whether the resource pools could be shared between Rel-16 and Rel-17 must be studied individual case by case. Specifically, the scenarios related to PS and V2P.  


	Volkswagen AG
	For V2X the operation of Rel-17 and Rel-16 in the same resource pool / BWP is a prerequisite along with backward compatibility to previous releases.
The same principles for coexistence with other ITS Technologies at least in band 47 as in Rel-16 shall apply.
Outside network coverage operation is still of high importance.
2Tx/2Rx shall remain a baseline assumption for Rel-17.

	Fraunhofer
	Rel-17 V2X and Public Safety should support 
· all network coverage scenarios, i.e. inside network coverage, outside network 
coverage, partial network coverage
· both licensed spectrum (FR1 and FR2) and dedicated ITS spectrum
· co-channel coexistence between Rel-16 and Rel-17 sidelink

	Huawei, HiSilicon
	· Different use cases may target to satisfy different network coverage, e.g. V2X should target to consider inside network coverage, outside network coverage, partial network coverage. Relay should also consider inside network coverage, outside network coverage, and partial network coverage scenarios.
· Different use cases should consider different sidelink spectrum support
· V2X: both licensed spectrum and ITS dedicated spectrum should be included as Rel-16.
· Commercial: licensed spectrum should be considered for commercial usage and un-licensed spectrum can be included as an important complement to licensed spectrum.
· Critical Communication: licensed spectrum should be included as Rel-12.
· It is important that Rel-17 sidelink and Rel-16 sidelink can be deployed in the same carrier. Whether to support more detailed operation in the same resource pool/BWP can be further evaluated in the WGs at a technical level.

	MediaTek
	We think it’s clear that all three coverage scenarios need to be supported.  Spectrum could focus on the licensed and (for V2X enhancements) ITS cases as in Rel-16—considering the limited time for Rel-17, our view is that unlicensed operation could be considered in a future release.
Regarding coexistence, we see that the main reason to restrict coexistence in the same resource pool would be if there were non-backward-compatible sensing enhancements in Rel-17.  In general we think it is preferable if the two releases can share a resource pool, but considering sensing it may be necessary to limit to separate resource pools.

	NTT DOCOMO
	At least for the leftovers from NR-SL Rel-16 should support the same coverage and spectrum as those for NR-SL Rel-16, and coexistence with Rel-16 sidelink. Target scenarios of NW coverage, SL spectrum, and coex with NR-SL Rel-16 depend on each use-case.
· NW coverage: Same as in Rel-16 for PS. Only IC for commercial.
· SL spectrum: PS band and licensed band (FR1 and FR2) for PS. Only licensed band (FR1 and FR2) for commercial.
· Coexistence: Unnecessary for both PS and commercial.

	Fujitsu
	Rel-17 should support inside network coverage, out of coverage, partial network coverage, and support both licensed spectrum and ITS spectrum as well.
Rel-16 and Rel-17 sidelink can coexist in the same resource pools, but some resource pool could be left for Rel-17 uses only, for example, for use case of higher reliability.

	CATT
	· In Rel-17 sidelink enhancement, the coverage scenarios should extend the deployment scenarios with extended indoor and outdoor coverage and indoor coverage with deep penetration loss for critical communication.
· Study the scenarios for UE-to-network relay and UE-to-UE relay.
· For coexistence, Rel-16 and Rel-17 sidelink operation should be able to share the same resource pool/BWP.

	NEC
	Common functions should be supported in all coverage scenarios, i.e. in coverage, partial coverage, and out of coverage; and also on both licensed spectrum and ITS dedicated spectrum.
Coexisting with Rel-16 sidelink in the same resource pool should be targeted.

	vivo
	· Network coverage
· All the coverage scenarios should be supported for V2X and PS. For NCIS, according to the SA1 TR, in-coverage and partial-coverage should be supported.
· Sidelink spectrum
· Licensed band should be supported for all the use cases. Additionally dedicated spectrum should be supported for V2X and PS, e.g. ITS band for V2X.
· Coexistence
· Coexistence between Rel-16 and Rel-17 sidelink operations in the same resource pool/BWP is only required for V2X. 
· Coexistence of different use cases (e.g. V2X, commercial or PS) in the same resource pool is not required.
· However, coexistence of different use cases in the same carrier or band may be required if operator decides to share a licensed carrier or band to different sidelink use cases.


	Spreadtrum
	For Rel-17 V2X: 
· Target scenarios: support inside network coverage, outside network coverage, partial network coverage.
· ITS Spectrum: support licensed spectrum also used for Uu, ITS dedicated spectrum.
· Coexistence: support Rel-17 sidelink coexisted with Rel-16 sidelink in the same resource pool/BWP for NR V2X.

	Lenovo/MM
	For V2X, considering in coverage, out of coverage and partial coverage; license and unlicensed band; co-existence of Rel-16 and Rel-17.
For commercial usage, considering in coverage only, license and unlicensed band.

	Ericsson
	For public safety, focus on licensed bands in FR1, with coverage, partial coverage, and without coverage.
For potential V2X left-overs from Rel-16:
· Ensure coexistence between Rel-16 and Rel-17 UEs in the same resources, meaning that the impact of introducing a Rel-17 UE to an existing deployment should be similar to the impact of introducing a Rel-16 UE.
· Focus on bands in FR1, both licensed and ITS-unlicensed.
· All of in coverage, in partial coverage, out of coverage are in scope.
For operators, deployment of PS and V2X in the same carrier should be possible.

	AT&T
	· Main non-V2X use case is non-public network using sidelink for localized communication. 
· Consider in-coverage only 
· Local breakout operation to optimize the efficiency 
· Both licensed and un-licensed spectrum (FR1/FR2)
· For PS, it should strive for common functionality with Rel.16 sidelink as much as possible. The main enhancement is power saving. 

	Sony
	Scenario: For all V2X, commercial and critical communications, same as in Rel-16, it is necessary to consider in-coverage, out-of-coverage and partial coverage. 
Sidelink spectrum: For V2X, same as in Rel-16. For commercial communication, at least licensed band should be supported, and unlicensed band can be also considered.
Coexistence with Rel-16 sidelink: For V2X, co-channel coexistence of Rel-16 and Rel-17 should be supported. For commercial communication, it is not required to coexist with V2X.

	Nokia
	Operation both inside and outside network coverage is needed for Public Safety and V2X scenarios. 
Both licensed spectrum that is also used for Uu and ITS dedicated spectrum should be able to be used. 
Backward compatibility with Rel-16 should be the starting point. Rel-17 enhancements must be able to operate in at least the same frequency band, carrier and BWP as Rel-16; same resource pool should also be possible unless there are solid technical reasons why this cannot be done; requiring different resource pools by default always for each release will result in inefficient use of spectrum. 

	Convida Wireless
	Consideration for operation scenarios of Rel-17 sidelink will have some dependencies on the key use cases targeted by Rel-17. For example,  Rel-16 V2X functional and performance enhancement use cases as well as PS use cases, the operation scenarios are considered:
· Scenarios: Same as in Rel-16, within network coverage, out of coverage, partial network coverage are considered.
· Spectrum: Similar to Rel-16, common design between FR1 and FR2 is supported. ITS for V2X, PS bands for Public safety and licensed spectrum are considered. 
· Coexistence: Co-Channel co-existence of Rel-16 and Rel-17 should be supported.

	Toyota ITC
	For Rel-17 V2X:
· Scenarios: Same as Rel-16 (i.e., inside network coverage, outside network coverage, partial network coverage)
· Spectrum: Same as Rel-16 (i.e., FR1 and FR2)
· Coexistence: Co-channel coexistence capability in the same resource pool between Rel-16 and Rel-17 is essential to avoid resource fragmentation between Rel-16 and Rel-17 as well as potential future releases. 

	Intel
	Network coverage. Any application will benefit from support of all coverage scenarios (IC, OOC, PC), i.e. not only V2X and PS. Different solutions may be needed to enable it for different use cases.
Sidelink spectrum. Regarding sidelink demands in licensed spectrum (FR1 and FR2), we would like to hear views of operators for all potential use cases. Unless there is a clear request from operators, we are not convinced that 3GPP should blindly enable sidelink in a whole licensed spectrum for all use cases. Spectrum allocated to specific applications should be considered (e.g. ITS/PS spectrum) and enabled for these use cases respectively. It is certainly desirable to come up with a spectrum agnostic designs (except RF considerations) as 3GPP normally does, however it is not always feasible (e.g. due to coexistence considerations in unlicensed spectrum, or when spectrum is above FR2 24GHz<Fc<52.6GHz that may require new waveform).
Coexistence. In our view different use cases and applications do not need to be mandated to coexist in the same spectrum resources. As for the evolution of the same use cases and applications (e.g. V2X), the coexistence and certain level of interoperability is definitely needed.

	OMESH
	Coverage: all applications
Spectrum: FR1 and FR2, unlicensed may not be considered due to QoS
Coexistence: R17 shall co-exist with R16 in V2X

	Xiaomi
	Rel-17 V2x should share the operation scenario with Rel-16 V2x, i.e. considering InC, OoC and partial coverage. Co-channel coexistence of Rel-16 and Rel-17 V2x should be supported. 
For commercial sidelink, low speed, indoor/outdoor scenario should be considered. In coverage scenario can be prioritized. We suggest to consider both licensed and unlicensed band for commercial sidelink.

	ZTE
	The following three network coverage scenarios should be supported: 1) in coverage; 2) out of coverage; 3) partial coverage.
For the sidelink spectrum, we think it can be decided by the operator. 
We are fine with co-channel co-existence. However, we see no apparent benefits to support same resource pool co-existence. 

	Philips
	Release 17 Sidelink should support all coverage scenarios, focus on licensed spectrum, and strive for co-existence with release 16.

	InterDigital
	For Rel 17 sidelink
- all coverage scenarios should be consider (in coverage, partial coverage, and out of coverage)
- Both licensed and ITS spectrum should be considered.  Bands in FR1 and FR2 should be considered
- Support of coexistence between Rel16 and Rel17, without excluding the possibility of Rel17 specific resource pools (e.g. for VRU)

	Futurewei
	Operation scenarios should be the same as for Rel-16, and include in-coverage, out-of-coverage, and partial scenario
Operation should be possible in both licensed and unlicensed bands
Operation should cover both FR1 and FR2
For Rel-16/Rel-17 coexistence, Rel-16 and Rel-17 UEs should be able to share the same channel. Sharing the same resource pools may be allowed as long as there is benefit and no harm to Rel-16 UEs.

	Vodafone
	If we want a common solution it should cover all scenarios, but then V2X in principle covers all scenarios too today, so a bit unclear what more is needed.

	CMCC
	On network coverage: all coverage scenarios (IC, OOC, PC) should be supported for V2X, but only IC/PC need to be considered for commercial use case based on licensed spectrum.
On sidelink spectrum: licensed spectrum including FR1 and FR2 should be support at least for commercial use cases.
On coexistence: for V2X, it is expected that Rel-16 and Rel-17 sidelink can coexist in a same resource pool/BWP. However, there is no need co-existence of Rel-16/17 sidelink in a same resource pool/BWP between V2X and non-V2X use case.

	LGUPLUS
	Coverage : IC & PC coverage senario for commercial
V2X spectrum : Licensed band including FR1 and FR2 should be support for all coverage senario
Public safety spectrum : Public safety bands and licensed band (FR1 and FR2)
Coexistance : Co-Channel co-existence of Rel-16 and Rel-17 should be supported

	TCL
	Both in-coverage and out-of-coverage scenarios need to be supported and functionalities improves. Focus should also cover both licensed and unlicensed bands. 
In our view, out-of-coverage, partial coverage and hybrid coverage scenarios may have significant room for improved QoS and functionality.
Co-existence between Rel-16 and Rel-17 should be ensured as much as possible to limit resource fragmentation.

	Apple
	Scenarios: All scenarios should be considered and supported, including in coverage, out of coverage, and partial coverage  
Spectrum: Both the licensed and unlicensed/shared spectrum should be considered. It is preferable NOT to design a solution soling relying on particular frequent allocation. The solution should be flexible enough to cover the general spectrum categories. 
Coexistence: At least for V2X, Rel-17 V2X should be able to coexist with, and backward compatible with, Rel-16 V2X

	ORANGE
	· For V2x:
· inside network coverage, outside network coverage, partial network coverage
· unlicensed ITS spectrum only on PC5 (5.9 GHz)
· For Public Safety:
· inside network coverage, outside network coverage, partial network coverage
· licensed spectrum, FR1

	KPN
	All coverage scenarios should be considered. For non-V2X, indoor (factory, home, office, …) coverage is important.

	NOVAMINT
	For V2X all coverage scenarios to be considered
For public safety, it is very important to consider outside network coverage and potentially unlicensed spectrum in frequencies allowing indoor/deep indoor
For non V2X and new use cases, agree with KPN that indoor coverage is needed and could be also on unlicensed spectrum



3. Potential technical areas
Companies are invited to fill the table in each subsection to discuss details of the potential technical areas of Rel-17 sidelink enhancements. For the time frame, it is proposed to select one of the following options:
· Option 1: Start normative work directly
· Option 2: Have a study and complete normative work in Rel-17
· Option 3: Study only in Rel-17
· Option 4: No study/work in Rel-17
It is suggested that this email discussion focuses on the technical areas not included in the ongoing Rel-16 5G V2X WI. Topics related to the Rel-16 WI can be discussed after RAN#85 based on further progress in the WI.
	Company
	Details of the technical areas
	Time frame
	Remarks

	Company #A
	Area #1, Area #2
	Option for Area #1, #2
	E.g., leading WG of the areas.

	
	Area #3, Area #4
	Option for Area #3, #4
	

	Company #B
	Area #5, Area #6
	Option for Area #5, #6
	

	Company #C
	Area #7, Area #8
	Option for Area #7, #8
	



3.1. Sidelink carrier aggregation
This subsection is to discuss the technical areas of sidelink carrier aggregation. Examples include packet duplication, handling limited TX/RX capability, synchronization across aggregated carriers. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· CA packet duplication (NR + NR)
· DC for FR1 + FR2 and LTE+NR (including duplication and multiplexing)
· Handling limited Tx-Rx capability
· Sync across multiple SL carriers
	· Option 2
· Option 2

· Option 1
· Option 1
	· RAN2
· RAN2

· RAN1
· RAN1

	Qualcomm
	Carrier aggregation
	For V2X and Public safety, Option 4

	It is not clear if there will be multiple channels available for V2X (in ITS spectrum) and for Public Safety.

	
	Multicarrier or simplified CA
	For non-V2X Option 3
	To take advantage of larger available BW for non-V2X (e.g. Licensed/Unlicensed spectrum, FR1/ FR2), either multicarrier operation or simplified carrier aggregation option can be studied. To keep scope of the SI small avoid complicated CA approach. 

	LGE
	Support of packet duplication, 
Support of sidelink carrier (re-)selection and handling limited TX/RX capability
Synchronization of the aggregated sidelink carriers
Cross-carrier sidelink control signaling including PC5-RRC, CSI feedback, HARQ feedback
	Option 1
	Rel-15 LTE SL carrier aggregation design should be the baseline.
The cross-carrier control signaling can be related to the FR2 beam management using FR1 assistance.

	Samsung
	Synchronization across multiple SL carriers
	For V2X and PS, Option 1
	RAN1

	
	Packet duplication
	For V2X and PS, Option 1
	RAN2

	
	Sidelink operation under MR-DC
	For V2X and PS, Option 1
	RAN2

	
	Handling limited TX/RX capability
	For V2X and PS, Option 1
	RAN1

	Kyocera
	Carrier Aggregation 
	Option 2
	Simple carrier aggregation to handle commercial and PS scenarios should be addressed.

	Volkswagen AG
	Scope on FR1 with reliable multi-carrier operations with robust synchronization.
	Option 1
	Multi-carrier operation can be a measure to improve data throughput in distributed frequency ranges and shall be supported.

	Fraunhofer
	Packet duplication 
	Option 1
	RAN2

	
	Handling of limited TX/RX capability
	Option 1
	RAN1

	
	Synchronization across multiple sidelink carriers
	Option 1
	RAN1

	Huawei, HiSilicon
	· Same- and cross-carrier scheduling and packet duplication
· Carrier (re-)selection
· CA/DC between FR1 and FR2
· Sidelink HARQ for CA
· Sidelink synchronization across CCs


	Option 1
	· This would focus on V2X use cases.
· Design principles for sidelink CA for Rel-17 sidelink can use NR Uu CA framework as a starting point, such as maximum number of CCs, supporting same/different numerologies CA, supporting self-/cross-carrier scheduling, etc.
· In addition, NR sidelink enhancement needs to consider sidelink HARQ feedback for CA for sidelink unicast and groupcast. 
· Synchronization across sidelink CCs can rely on the principles used in Rel-15 LTE-V.

	MediaTek
	Carrier aggregation
	Option 1
	CA could be considered for reliability (packet duplication) and/or for higher data rate.  The V2X and PS use cases seem mainly to need it for reliability/latency reduction, while other use cases such as relaying may also benefit from higher data rates. [RAN1]

	
	DC type of multiple carrier operation for SL
	Option 4
	We don’t see a need to pursue this in Rel-17.  In our understanding there is no intention to aggregate links with different pairs of peer UEs (as DC aggregates links with multiple base stations), and we don’t see a clear benefit of having multiple MAC entities for the links between the same pair of peer UEs.

	NTT DOCOMO
	Carrier aggregation
Sidelink HARQ feedback to UE/gNB for CA
Synchronization between carriers
	Option 1
	RAN1

	
	DC
	Option 4
	The benefit of DC on SL is unclear for us.

	Fujitsu
	Carrier aggregation
DC
	Option 2
Option 4
	For CA, we need to start the necessity in SI, and move to WI

	CATT
	Limited TX/RX capability – for V2X and commercial non-V2X only.
· When a UE has limited TX/RX capability, UE capability indication is indicated in the beginning to limit the sidelink communication.
· In public safety, UE should be mandatory to support carrier aggregation.
	Option1
	RAN1/RAN4

	
	Synchronization – Rel-17 should only support synchronized SL CA operation from the receiving UE perspective.
	Option1
	RAN1

	NEC
	PDCP layer packet duplication, limited TX/RX capability, TX power sharing, synchronization, HARQ, traffic mapping, carrier priority order
	Option 1
	R-15 SL carrier aggregation should be used as baseline

	vivo
	· Cross-carrier scheduling/sensing
· CA including capacity improvement and reliability enhancement (e.g. packet duplication)
· Synchronization between multiple SL carriers
· Support HARQ feedback (both unicast and groupcast) for CA operation
· Support RLM for CA operation
	· Option 1
· Option 1
· Option 1
· Option 1
· Option 1

	· RAN1
· RAN2
· RAN1
· RAN1
· RAN2


	Spreadtrum
	Support packet duplication, 
handling limited TX/RX capability,
synchronization across multiple SL carriers
	Option 1
	To meet high data rate and high reliability requirements of varied sidelink use cases, only physical layer enhancements are not enough. CA duplication can help to further improve the performance. Furthermore, LTE V2X has already supported SL carrier aggregation and NR V2X is expected to perform no worse than LTE V2X.

	Lenovo/MM

	Packet duplication
	Option 3
	

	
	synchronization across aggregated carriers
	Option 3
	

	
	Handling limited TX/RX capability
	Option 3
	

	
	Cross-carrier scheduling
	Option 3
	

	Ericsson
	Operation in multiple carriers, including handling limited TX/RX capability.
	Option 1
	Support for transmission in single carrier with reception in multiple carriers, including the multi-MNO case, which is necessary for PS.

	
	Other CA-related enhancements
	Option 4
	It is not clear that there will be carriers to aggregate for PS or V2X. NR SL already supports large bandwidths. If necessary, functionality can be added in a later release.

	AT&T
	Architecture choice for multi-carrier PC5 operation, support CA-like or DC-like or both.   
	Option 2
	RAN2

	Sony
	Packet duplication
Handling limited TX/RX capability
Synchronization across aggregated carriers
	Option 2
Option 1
Option 1
	RAN2
RAN1
RAN1

	Nokia
	
	Option 3 or 2
	

	Convida
	Support of packet duplication, 
Support of sidelink carrier (re-)selection 
Support handling limited TX/RX capability
Support for transmission in single carrier with reception in multiple carriers, including the multi-MNO case.
Sidelink operation under MR-DC
	Option 1 or 2
	Option 1 for V2X; Option 2 for non-V2X.

	Intel
	Multi-carrier (CA) and/or multiple BWP support in FR1 for all use cases

	Option 2

	RAN1 / RAN2 / RAN4


	
	Multi-carrier support in FR2
	Option 4
	Single carrier SL is not sufficiently analyzed for FR2

	OMESH
	CA and DC
	Option 2
	RAN2

	Xiaomi
	Packet duplication, Aggregated sidelink carriers
	Option 1
	

	
	Cross-carrier sidelink control
	Option 3
	

	ZTE
	Inter-carrier and inter-PLMN SL Tx/Rx operation
SL/UL Prioritization under multi-carrier operation
Carrier selection
Synchronization across multi-carriers
	Option 2
	

	Philips
	Carrier Aggregation
	Option 3
	Nice to have, but not essential to give very high priority

	InterDigital
	Carrier aggregation
	Option 2
	Priority should be given to CA over DC.

	
	DC
	Option 3
	

	Futurewei
	Packet duplication, 
Carrier selection rules
Support of limited TX/RX capability
Synchronization of multicarriers
Cross-carrier sidelink control signaling (HARQ, CSI, etc.)
	Option 1
	In Rel-15, CA was standardized for LTE SL. Thus, while the operation and scenarios for NR SL are somewhat different, a lot of the LTE work can be reused, thus normative work can start without having a study period

	CMCC
	Uu-based control and report of sidelink for CA.
	Option 1
	RAN1

	LGUPLUS
	packet duplication,
	Option 1
	RAN2

	
	DC
	Option4
	　

	
	Synchronization of the aggregated sidelink carriers
sidelink carrier (re-)selection and handling limited TX/RX capability
	Option 1
	RAN1

	TCL
	Dual Connectivity over multiple sidelinks carriers
Handling limited TX/RX capability
Packet duplication 
Synchronization across multiple SL carriers
	Option 2
Option 2
Option 3
Option 2
	RAN1
RAN1
RAN2
RAN1

	ORANGE
	For V2x only, CA and / or DC
	Option 2
	

	
	For Public Safety: no aggregation
	Option 4
	

	NOVAMINT 
	For V2X, CA
	Option 3
	



3.2. Sidelink power saving mechanism
This subsection is to discuss the technical areas of sidelink power saving mechanism, e.g., for pedestrian UEs in V2X and smartphones in public safety and commercial use cases. Examples include DRX configuration in sidelink, power efficient resource allocation, enhanced power control. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· Partial / no sensing (for V2X only)
· DRX configuration (for commercial and PS only)
· Enhanced power control (CLPC including PHR)
	· Option 1
· Option 2
· Option 1
	· RAN1
· RAN2
· RAN1

	Qualcomm
	Power efficient resource allocation, DRX in sidelink
	For V2X, Option 1
	Power efficient resource allocation and DRX in sidelink are important aspects for V2P as well as for positioning. 

	
	
	For Non-V2X Option 3
	In case of non-V2X power consumption is important similar to V2P due to limited battery capacity. Consider if further enhancement for non-V2X power consumption is possible on top of V2P. 
Rel-16 enhancements for power savings can be considered for inclusion into non-V2X SL.

	
	Enhanced Power control
	For V2X and Public safety, Option 4
	Not clear if anything extra compared to Rel-16 is required.

	
	
	For non-V2X, Option 3
	Study if power control can be enhanced considering specific scenario for no-V2X.

	LGE
	Support of DRX configuration in sidelink, 
Support of multiple sidelink BWP in the system perspective (including multiple BWP configuration, BWP selection)
Support of power efficient resource allocation (e.g., random selection or partial sensing in pedestrian UEs)
	Option 1
	RF bandwidth of a pedestrian UE can be narrower than that of a vehicle UE to save power consumption.

	Samsung
	Sidelink DRX
	For V2X and PS, Option 1
	RAN2

	
	Power efficient resource allocation
	For V2X and PS, Option 1
	RAN1

	
	Enhanced power control
	For V2X and PS, Option 4
	Rel-16 sidelink power control mechanism is sufficient.

	Kyocera
	DRX and power efficient resource allocation
 
	V2X and PS
Option 2 

	DRX and power efficient resource allocation for the V2P operation is very important. We prefer not to have complex power control enhancements since the benefits are unclear.

	Volkswagen AG
	All measures, including enhanced paging mechanisms
	Option 2
	Power savings not only for the VRU but also for the inactive UE. UEs which are required to consume low energy shall be accessible in a short period of time.

	Fraunhofer
	DRX configuration in sidelink
	Option 1
	RAN2

	
	Power efficient resource allocation
	Option 1
	RAN1

	
	Enhanced power control
	Option 2
	RAN1

	Huawei, HiSilicon
	· DRX configuration and operation for sidelink 
· Power efficient sidelink resource allocation 
· Resource allocation without sensing or with partial sensing
· Closed-loop power control 
· RRC inactive/idle states for SL communications
	Option 2
	· This would cover V2X use cases and non-V2X use cases.
· Sidelink DRX needs to account for configuration of DRX parameters by the network and by a UE. 
· Closed loop power control for sidelink can allow optimization of the transmit power.
· LTE-V partial sensing mechanism can be a starting point for NR V2P partial sensing.

	MediaTek
	DRX on sidelink
	Option 1
	This seems the lowest-hanging fruit for power saving and should be a high priority to cover in Rel-17.  [RAN2]

	
	Power control enhancements
	Option 2
	It may be needed first to understand how big the benefits of specific enhancements (e.g. closed loop) are. [RAN1]

	
	Power-efficient resource allocation
	Option 2
	We see the potential to have enhancements such as combining multiple transmissions in a single grant.  However, some study is probably needed to select the solutions.  Simple solutions should be prioritised.  [RAN2]

	NTT DOCOMO
	Closed-loop power control
	Option 1
	RAN1

	
	DRX on sidelink
	Option 3
	RAN2

	Fujitsu
	Power saving
	Option 3
	Study power control, DRX in RAN1

	CATT
	DRX configuration in sidelink
	Option 1
	RAN2

	
	Improving the power efficiency in sensing and resource allocation with the focus on V2P.
	Option 1
	RAN1

	
	The use of power saving techniques in sidelink operation.
	Option 1
	RAN1

	NEC
	DRX, power efficient resource allocation , sensing results sharing;
	Option 1
	

	
	Enhanced power control
	Option 2
	Start normalization if gain justified

	vivo
	· Partial or no sensing for PUE
· DRX and wake-up signaling (WUS) for commercial and PS UE
· Receiver-based resource allocation 
· Power control enhancement (e.g. SL pathloss based OLPC for groupcast, CLPC, etc.)

	· Option 1
· Option 2
· Option 2
· Option 2

	· RAN1
· RAN2
· RAN1
· RAN1


	Spreadtrum
	Power efficient resource allocation 
	Option 1
	RAN1

	
	Sidelink DRX
	Option 1
	RAN2

	Lenovo/MM
	SL DRX
	Option 3
	Should be included in SI of commercial usage. Not necessary for V2X 

	
	Power efficient resource allocation
	Option 1
	Partial/no sensing is important for pedestrian UE

	
	Enhanced power control
	Option 4
	Depend on the progress of Rel-16 V2X

	
	Power sharing among multiple carriers for CA case
	Option 3
	

	Ericsson
	Efficient resource allocation, pool and signaling enhancements for reduced energy consumption, sidelink DRX.  
	Option 1
	PS should be the primary application for power saving mechanisms.

	
	Enhanced power control
	Option 4
	Power control is of minor importance for PS. Moreover, given that Rel-16 is not complete, it is unclear whether any enhancements would be required at all.

	AT&T
	Support power efficient resource allocation by introduce a UE to schedule another UE and sidelink DRX. 
	Option 1
	

	Sony
	DRX configuration in sidelink
Power efficient resource allocation
Enhanced power control
	Option 1
Option 1
Option 3
	RAN2
RAN1
RAN1

	Nokia
	Power saving mechanisms should, where relevant, be based on what is being agreed in the R16 UE power saving WI, avoiding defining new mechanisms wherever possible – i.e. reuse relevant Uu power saving mechanisms for sidelink. Sidelink-specific power saving mechanisms should only be considered where equivalent Uu mechanisms are not available. 
	Option 2
	

	Convida
	Sidelink DRX
	Option 2
	RAN2

	
	Power efficient resource allocation
	Option 2
	RAN1

	
	Enhanced power control
	Option 2
	Some enhancements may be needed depending on the detail use cases, e.g., VRU (V2P).

	Intel
	Power saving mechanisms for V2X / PS use case
	Option 2
	RAN1 / RAN2

	
	Other use cases
	Option 3/4
	RAN1 / RAN2 / RAN4 (Other use cases may require architecture changes that require more study)

	OMESH
	
	Option 2
	RAN2/RAN1

	Xiaomi
	DRX, power efficient resource allocation
	Option 1
	

	
	Flexible BWP 
	Option 3
	

	ZTE
	Sidelink DRX
Power saving
	Option 2
	RAN2

	Philips
	Power saving
	Option 2
	Essential to have power saving mechanisms in place to support battery operated devices. May require some study.

	InterDigital

	Sidelink DRX, sensing results sharing
	Option 2
	These topics require some study prior to specification (except possibly for closed loop power control)

	
	Power efficient resource allocation, closed-loop power control
	Option 1
	

	Futurewei
	Power efficient resource allocation, sidelink DRX
	Option 1 
	For V2P and public safety use cases, it is not realistic to have a UE monitoring/sensing the media all the time. Resource allocation mechanisms with limited/no sensing need to be studied. LTE mechanisms (e.g., random selection, partial sensing) can be baseline.

	Vodafone
	For V2P, sidelink DRX, maybe some other small aspects.
	Option 1 or 2
	Minimise V2P specific physical layer changes.

	CMCC
	power efficient resource allocation, enhanced power control 
DRX configuration,
	Option 1
Option 1
	RAN1
RAN2

	LGUPLUS
	Sidelink DRX 
	Option 1
	RAN2

	
	Power efficient resource allocation
	Option 1
	RAN1

	TCL
	Sidelink DRX
	Option 2
	RAN1/RAN2

	
	Power optimized resource sensing for Mode 2
	Option 2
	RAN1/RAN2

	
	Enhanced power control
	Option 3
	RAN1

	Apple
	Sidelink DRX
Searching complexity reduction, i.e. reduce the possible SYNC/Timing sources in the system
Channel sensing enhancement, i.e. similar design as preamble or wake up signal
Enhanced Power Control
	Option 1
	RAN1/2

	NOVAMINT
	V2X – Public safety: Sidelink DRX / power savings in general
Non V2X – power savings likely to be one the most important request – this should be based on use cases expectations/requirements which can influence strongly the (re) design of sidelink
	Option 2
Option 3
	



3.3. Enhancement to sidelink operations in FR2
This subsection is to discuss the technical areas of enhancement to sidelink operations in FR2. Examples include sidelink beam management, assistance from FR1, multiple antenna panels. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· SL beam management and recovery
· Multiple antenna panels
	· Option 2
· Option 2
	· RAN1
· RAN1

	Qualcomm
	Sidelink beam management in FR2. 

	For V2X and Public safety, Option 4
	For V2X, complicated beam management for FR2 should be avoided due to very dynamic nature of V2X communications.
In case of Public safety inclusion of FR2 is not required.

	
	· 
	For non-V2X, Option 3
	Study simplified beam management considering the static or low mobility scenario.

	
	Assistance from FR1
	For V2X and Public safety, Option 4
	

	
	
	For non-V2X, Option 4
	

	
	Multiple antenna panels
	For V2X and Public safety, Option 4
	Car OEMs have indicated earlier that cabling inside vehicle is complicated which causes restrictions on number of antennas.

	
	
	For non-V2X, Option 4
	Transparent part can be studied in Rel-17.
No need to consider non-transparent scenario.

	LGE
	Support of sidelink beam management using assistance from sidelink in FR1
	Option 1
	Full-blown FR2 standalone beam management can be considered in a later release. Multiple antenna panel can be discussed in 3.4 considering the applicability to FR1.

	Samsung
	Sidelink beam management
	For V2X and PS, Option 1
	RAN1

	
	Multi-antenna panels
	For V2X and PS, Option 1
	RAN1

	
	Assistance from FR1
	For V2X and PS, Option 1
	RAN1

	Kyocera
	SL beam management in FR2
	V2X and PS Option 3
	

	Volkswagen AG 
	All
	Option 3
	FR2 is of interest only if a cost sensitive implementation is available. From automotive point of view this is at the moment only a topic of modest interest.

	Fraunhofer 
	Sidelink beam management
Multiple-antenna panels

	Option 1
	RAN1
Simplified beam management for V2X and PS based on Rel.-16 BM framework.

	Huawei, HiSilicon
	· Sidelink beam management for different cast types, including beam-based synchronization, beam failure recovery, beam-based power control and interference management
· Enhanced support for vehicles with multiple antenna panels
· FR2 assistance from FR1

	Option 1
	· This would cover V2X use cases and non-V2X use cases.
· To support high data rate communication and coverage enhancement, beam management should be utilized at least in FR2.
· Multiple antenna panels equipped on vehicles adds another degree of freedom, which is a promising way to enhance the performance in FR2.
· FR1 may assist FR2 for some coverage-demanding services which also need high data-rates, and to simplify link establishment between UEs in FR2. 

	MediaTek
	Beam management
	Option 2
	Based on RAN1 analysis, simple beam management e.g. by panel selection may be enough for vehicular use cases, but other cases such as RSUs, relay devices, etc., could benefit from more sophisticated beam management.  For time reasons, the considered solutions need to be reasonably simple.  [RAN1]

	NTT DOCOMO
	Beam management
	Option 2
	RAN1

	Fujitsu
	Sidelink beam management in FR2.
	Option 2
	RAN1

	CATT
	Sidelink beam management
	Option 3
	RAN1

	
	Assistance from FR1
	Option 3
	RAN1

	
	Multiple antenna panels
	Option 3
	RAN1

	NEC
	Beam management including sidelink synchronization signals/channels, assistance from FR1 can be considered if FR2 cannot work standalone;
	Option 2
	

	vivo
	· Beam management
· Multiple antenna panels
· Enhancements for mode-2 resource sensing and allocation (to mitigate the hidden terminal issue due to e.g. directional beam or blockage in FR2)
	· Option 2
· Option 2
· Option 2

	· RAN1
· RAN1
· RAN1


	Spreadtrum
	Sidelink beam management and recovery
	Option 1


	
	Design a simplified beam management procedure, together with a robust beam recovery.       No need to introduce a Uu-like complicated beam management.

	
	Multiple antenna panels
	Option 1
	RAN1

	Lenovo/MM
	SL beam management in FR2
	Option 3
	Need a new SI for V2X on FR2

	
	Assistance from FR1
	Option 3
	

	
	Multiple antenna panels
	Option 3
	

	Ericsson
	All
	Option 4
	For PS, FR2 bands are not interesting.
For V2X, there are no ITS bands in FR2 and no indication that FR2 bands are of interest to the automotive industry. Moreover, the restriction to 2 or very few antennas would limit the possibilities of operation in FR2.

	AT&T
	Sidelink beam management
Multi-panel operation
	Option 1
	RAN1
With or without FR1 CC assistance.

	Sony
	Sidelink beam management
Assistance from FR1
Multiple antenna panels
	Option 2
Option 4
Option 2
	RAN1
RAN1
RAN1

	Convida Wireless
	SL beam management for FR2
Multiple antenna panels
	Option2
	Assistance from FR1 could be part of beam management for FR2.

	Toyota ITC
	Sidelink beam management 
Assistance from FR1
Multiple antenna panels
	For V2X,
Option 1
	RAN1
Sidelink enhancements in FR2 is needed to support high data rate in high-speed V2X scenarios for several use cases in TR 22.886 and requirements in TS 22.186 that requires high data rate.

	Intel
	Interest for sidelink communication in FR2 from automotive sector need to be further clarified.
The ITS spectrum for mmWave automotive applications is in a 63GHz carrier frequency which is outside of FR2 (24GHz<Fc<52.6GHz) and therefore it is out of work scope. With that understanding it is ok to continue study on FR2 only for 24GHz<Fc<52.6GHz. If significant interest from ecosystem is shown study sidelink communication and synchronization aspects in FR2 (study is needed for all use cases).

	Option 3
	RAN1, RAN2, RAN4 

	OMESH
	all
	Option 2
	RAN1

	Xiaomi
	Multiple antenna panels, Sidelink beam management
	Option 1
	RAN1

	ZTE
	Beam measurement and report
Beam failure handling
Beam selection
	Option 3 
	RAN1

	Philips
	Sidelink operation in FR2
	Option 2
	Important for extended coverage.

	InterDigital
	· Beam management/recovery
· Multiple antenna panels
· FR2 specific sensing and resource selection
	Option 1
	FR2 can be beneficial for high data rate V2X applications.

	Futurewei
	Sidelink beam management, assistance from FR1, multiple antenna panels
	Option 2
	FR2 operation is beneficial and needs to be standardized in Rel-17. We suggest to have a short study phase to focus on the V2X specificities (high mobility, constrained environment) followed by normative work to have smooth FR2 operation in Rel-17

	Vodafone
	FR2 work
	Option 4
	

	Nokia
	Beam management (with FR1 assistance)
	Option 3
	

	TCL
	Beam Management Operation
FR2
	Option 3
Option 3
	In the study phase, it needs to be confirmed the relevance of beam based communication for V2X. If found relevant, beam management needs to be defined for in-coverage and out-of-coverage operation.

	Apple
	FR2 beam management
	Option 2
	RAN1

	ORANGE
	Sidelink operation in FR2
	Option 3
	

	NOVAMINT
	FR2 work
	Option 4
	




3.4. MIMO/CSI enhancements
This subsection is to discuss the technical areas of MIMO/CSI enhancements. Examples include support of more than 2 layers, SL CSI report to gNB, higher-order modulation. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· 256QAM
· Up to 4-layers (including CSI-RS design)
· 2 or 4 TBs
· PMI reporting
· CSI report to gNB
	· Option 1
· Option 1
· Option 1
· Option 1
· Option 1
	· RAN1
· RAN1
· RAN1
· RAN1
· RAN1

	Qualcomm
	More than 2 layers
	For V2X and Public safety, Option 4
	Typically, it is not simple to put large number of antennas into vehicle. So going beyond Rel-16 might not be feasible.

	
	
	For non-V2X, Option 4
	

	
	SL CSI report to gNB
	For V2X and Public safety, Option 4
	Benefits are not clear.

	
	
	For non-V2X, Option 4
	Benefits needs to be understood.

	
	Higher-order modulation
	For V2X and Public safety, Option 4
	In Rel-16 it is proposed to consider up to 256 QAM. Given the dynamic nature of V2X communications and backward compatibility it is not required to consider going beyond 256 QAM.

	
	
	For non-V2X, Option 4 
	Similar to Uu Uplink no need to go beyond 256QAM.

	LGE
	Support of more than 2 layers in PSSCH
Sidelink CSI report to gNB
Enhancement for multiple antenna panels including the resource selection and TX panel selection
	Option 1
	Resource selection for a multi-panel UE should consider different sensing result in the panels.

	Samsung
	More than 2 layers
	For V2X and PS, Option 1
	RAN1

	
	Enhancements on CSI reporting such as CSI reporting to gNB, CSI on PSFCH, CSI measurement
	For V2X and PS, Option 1
	RAN1

	
	Higher order modulation
	For V2X and PS, Option 1
	RAN1

	Kyocera
	Up to 256QAM
Up to 4 layers 
CSI report to gNB
	Option 2
	Leverage Uu UL design and procedures.

	Volkswagen AG
	More than 2 layers
	Option 4
	In case 4Rx Antennas may be deployed in vehicles it can’t be expected that they contribute to more than 2 layer transmission.

	
	All other measures
	Option 1
	

	Fraunhofer
	Enhancements on CSI (CQI/PMI) reporting with respect to UE mobility 

Sidelink CSI report to gNB
	Option 1
	RAN1
Performance based on Rel-16 CSI (CQI/PMI) reporting drops down significantly already for UEs moving at 30 km/h (@ FR1) and CSI update rate depends on UE speed. Enhancements on CSI reporting are required to compensate the fast-fading channel variations in UE mobility scenarios.

	Huawei, HiSilicon
	· More than rank-2 transmission
· SL CSI report to gNB
· SL PMI feedback
· Higher-order modulation (according to Rel-16 outcome)
· MU-MIMO transmission
	Option 1 if time allows
	· This would focus on V2X use cases.
· To support high throughput requirement, MIMO enhancements (i.e., more than 2 spatial layers, PMI feedback) should be considered according the number of antennas. 
· For the purpose of interference suppression in mode 1, SL CSI reporting to gNB should be supported.

	MediaTek
	Enhanced closed loop MIMO
	Option 3
	Complexity should be limited, and some study work seems needed to quantify the benefits. [RAN1]

	
	Higher order modulation
	Option 2
	[RAN1]

	
	More than 2 layers
	Option 2
	[RAN1]

	
	Other MIMO/CSI enhancements
	Option 4
	Due to limited time.

	NTT DOCOMO
	More than 2 layers
	Option 2
	RAN1

	
	SL-CSI report to gNB
	Option 1
	RAN1

	Fujitsu
	More than 2 layers
	Option 4
	For non V2X

	CATT
	More than 2 layers
	Option 3
	RAN1

	
	SL CSI to gNB
	Option 3
	RAN1

	
	Higher-order modulation, e.g. 256QAM
	Option 3
	RAN1

	NEC
	More than 2 layers, SL CSI report to gNB, 256QAM if it is not supported in R-16
	Option 1
	

	
	Wideband SL CSI-RS
	Option 2
	

	vivo
	· More than two layers transmission
· CSI enhancement (including measurement and reporting in sidelink)
· CSI reporting to network

	· Option 2
· Option 2
· Option 2

	· RAN1
· RAN1
· RAN1


	Spreadtrum
	More than 2 layers
	Option 1
	RAN1

	
	SL CSI report to gNB
	Option 1
	RAN1

	
	SL CSI Enhancement 
	Option 1
	RAN1


	
	High order modulation
	Option 1
	RAN1

	Lenovo/MM
	More than 2 layers 
	Option 3
	

	
	SL CSI report to gNB
	
	Depend on the progress of Rel-16 V2X

	
	Higher-order modulation
	
	Depend on the progress of Rel-16 V2X

	Ericsson
	All
	Option 4
	For PS, the number of antennas is necessarily small given the typical frequencies and terminal sizes.
For V2X, the automotive industry has shown little interest in having more antennas. Avoid working on features with no market demand.

	AT&T
	More than 2 layers
CSI feedback simplification 
High order modulation 
	Option 4
Option 2
Option 2
	CSI simplification is to reduce or eliminate the need of standard alone CSI feedback. 

	Sony
	Support of more than 2 layers
SL CSI report enhancement
Higher-order modulation
	Option 1
Option 1
Option 1
	RAN1
RAN1
RAN1

	Nokia
	SL CSI awareness by gNB to enhance mode 1 resource allocation.
	Option 2 or 3
	

	
	All others
	Option 4
	

	Convida 
	256QAM
Up to 4-layers (including CSI-RS design)
2 or 4 TBs
PMI reporting
	Option 3
	

	
	CSI report to gNB
	Option 2
	

	Toyota ITC
	More than 2 layers
Higher order modulation
	For V2X,
Option 3 or 4
	These enhancements do not ensure the interoperability between Rel-16 and Rel-17. It’s not clear whether these enhancements are essential for V2X use cases.

	Intel
	No significant benefits are foreseen for V2X/PS use cases
Other use cases require more analysis
	Option 4
	RAN1
At first, benefits need to be analyzed for agreed use cases and scenarios and then enhancements of certain technical areas can be considered

	OMESH
	all
	Option 2/3
	RAN1

	Xiaomi
	CSI enhancement
	Option 3
	

	ZTE
	More than 2 layers in PSSCH
More than 2 ports CSI-RS, DMRS design
CSI report to gNB/Tx UE
	Option 4
	RAN1

	Philips
	MIMO enhancements
	Option 4
	Not high priority.

	InterDigital
	SL CSI enhancement
Up to 4 layers
	Option 1
	RAN1
Rel-16 sidelink CSI supports a basic functionality. Additional features (e.g., wideband CSI, PMI with larger number of antenna ports) could provide benefits in terms of higher throughput/lower congestion. 

	Futurewei
	Support for >2 layers
MU-MIMO
CSI enhancements/PMI reporting
	Option 1
	The NR-V2X Rel-16 design has a very simple CSI design/CSI-RS measurement procedure. This process should be improved in Rel-17 for at least unicast. This is especially important for FR2

	Vodafone
	All
	Option 4
	

	CMCC
	more than 2 layers, SL CSI report to gNB, higher-order modulation
	Option 1
	Also benefit for commercial use case considering short-distance unicast targeting higher throughput is typical.

	LGUPLUS
	more than 2 layers
Sidelink CSI report to gNB
	Option 1
	RAN1

	TCL
	Enhanced MIMO Operation (more than 2 layers)
Enhancement CSI/ PMI based feedback and report to gNB
	Option 2
Option 2
	RAN1


	ORANGE
	256QAM
Up to 4 layers
	Option 2
Option 2
	




3.5. Sidelink resource allocation enhancements
This subsection is to discuss the technical areas of sidelink resource allocation enhancements. Examples include UE scheduling another UE, inter-UE resource coordination. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· UE scheduling another UE (mode 2d)
· Inter-UE resource coordination (mode 2b)
	· Option 1
· Option 1
	· RAN1
· RAN1

	Qualcomm
	UE scheduling another UE
	For V2X and Public safety, Option 1
	For V2X communications, in case of mode 2 operation it is required to further enhance resource allocation to achieve 99.999% reliability level. Consider UE (or RSU) scheduling another UE.


	
	
	For non-V2X, Option 3
	As an example PLC performs local scheduling of sensors/actuators to better meet latency/reliability requirements by avoiding multiple OTA tx.
[bookmark: _Hlk16466336]Study if Rel-16/17 V2X resource allocation mechanisms can satisfy requirements for non-V2X as well or further enhancement is needed.

	LGE
	Support of inter-UE resource coordination to alleviate resource collision and half duplex problem
	Option 1
	Start from those studied in the context of resource allocation mode 2(b) in Rel-16.
UE scheduling another UE requires big specification impact while similar benefit can be achieved by adding a proper inter-UE coordination to Rel-16 mode 2.

	Samsung
	UE scheduling another UE including inter-UE resource coordination
	For V2X and PS, Option 1
	RAN1

	Kyocera
	UE scheduling other UEs
	Option 1
	Specifying mode-2(d) already studied in Rel-16 SI. 
(Mode-2(d) is defined as UE-to-Network relay forwarding gNB grants).

	Volkswagen AG
	All measures
	Option 2
	

	Fraunhofer
	UE scheduling another UE
Inter-UE resource coordination

	Option 1

	RAN1
These concepts were discussed in Rel. 16 and merits were identified to improve the resource allocation between UEs in Mode 2.

	Huawei, HiSilicon
	· UE relaying the resource configuration from gNB to another UE
· A scheduling UE determines sidelink resource for other UE(s), e.g. a group of UEs
	Option 1
	· This would cover V2X use cases and non-V2X use cases.
· UE-based scheduling of sidelink transmission or relaying of the gNB’s resource configuration is suitable for UE group operation such as platooning, and can achieve a higher packet transmission reliability due to centralized resource allocation coordination within a whole group.

	MediaTek
	Mode 2(d) (UE scheduling another UE)
	Option 1
	We think this was adequately studied in Rel-16 and can be specified in Rel-17.  At least it can be supported for UE-type RSU and could also be useful for relaying.  [RAN1]

	
	Mode 2(b) (inter-UE resource coordination)
	Option 3
	Normative work on this can be delayed to a later release for time reasons. [RAN1]

	NTT DOCOMO
	UE scheduling another UE (mode 2d)
	Option 1
	RAN1/RAN2

	Fujitsu
	UE scheduling another UE
	Option 1
	Based on dual-mode, in RAN1/RAN2.

	CATT
	For V2X
· UE scheduling another UE
· Inter-UE resource coordination
	Option 1
	RAN1

	
	For non-V2X
· UE scheduling another UE
· Inter-UE resource coordination
	Option 3
	RAN1

	NEC
	UE or UE type RSU scheduling other UE or other UEs
	Option 1
	

	vivo
	· Mode-2d resource allocation as defined in TR 38.885
· UE scheduling another UE

	· Option 1
· Option 2

	· RAN1
· RAN1


	Spreadtrum
	UE scheduling another UE
	Option 1
	RAN1

	
	inter-UE resource coordination
	Option 2
	Study potential coordination mechanism and benefits first.

	Lenovo/MM

	UE scheduling another UE
	Option 1
	Leftover of Rel-16

	
	Inter-UE resource coordination
	Option 1
	Leftover of Rel-16

	Ericsson
	All
	Option 4
	For PS, no enhancement is necessary besides power-efficient resource allocation.
For V2X, Rel-16 has already introduced all necessary features for resource allocation. Need for enhancements is not justified. Moreover, a change in scheduling paradigm would not allow for deployment of Rel-16 and Rel-17 UEs in the same resources.

	AT&T
	Support UE scheduling another UE (resource allocation mode 2d) 


	Option 1
	RAN1

	Sony
	UE scheduling another UE
Inter-UE resource coordination to alleviate resource collision and half duplex problem 
	Option 1
Option 1
	RAN1
RAN1

	Nokia
	All 
	Option 4
	

	Convida
	UE scheduling another UE and inter-UE resource coordination
	Option 1
	

	Toyota ITC
	UE scheduling other UEs
	For V2X,
Option 1
	RAN1
This was already studied in Rel-16 SI. This would be useful to achieve high reliability in congested scenarios.

	Intel
	For V2X/PS use cases, resource coordination / scheduling may give additional benefits
	Option 2
	RAN1 / RAN2

	
	For other use cases
	Option 3
	RAN1 / RAN2

	OMESH
	Support UE scheduling other UE
	Option 1
	RAN1/RAN2

	Xiaomi
	Mode 2d (UE scheduling other UE)
	Option 1
	For V2x and be the baseline for non-V2x services;
Mode 2b can be also included if it is not supported in Rel-16;

	ZTE
	UE scheduling another UE, 
inter-UE resource coordination
	Option 4
	RAN1

	Philips
	Resource allocation enhancements
	Option 2
	Important for good performance and for out-of-coverage scenarios.

	InterDigital
	· Inter-UE resource coordination (mode 2b)
· Mode 2d

	Option 1
	Benefits of these mechanisms were identified during for groupcast V2X SI (e.g. for platooning), and they can be specified for Rel17. Mode 2b is applicable for more use cases compared to Mode 2d. Thus, Mode 2b should be prioritize over Mode 2d if we need to prioritize.

	Futurewei
	Resource allocation enhancements
	Option 1
	This should be determined on a per-service basis. For instance, for public safety, depending on the scope, the resource allocation needs to be revisited, and enhancements such as UE scheduling another UE should be considered

	Vodafone
	All
	Option 4
	

	CMCC
	UE scheduling another UE, inter-UE resource coordination
	Option 1 or 2
	RAN1

	LGUPLUS
	UE scheduling another UE, inter-UE resource coordination
	Option1
	RAN1

	TCL
	Mode 2 sub-scenarios need to be investigated and new resource allocation mechanisms need to be defined for user scheduling the other users, and for platoon based operation.
	Option 2
	RAN1



3.6. UE relaying
This subsection is to discuss the technical areas of UE relaying. Examples include UE-to-Network relaying, UE-to-UE relaying.
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· Including the followings and also follow SA2 prioritization
· UE-to-Network relay
· UE-to-UE relay
	· Option 2
	· RAN2

	Qualcomm
	UE-to-UE relaying.

	For V2X and Public safety, Option 1
	For V2X communications packet forwarding and relaying can be considered specially in the context of RSU where RSU acts as relay. Avoid Physical layer changes compared to Rel-16.

	
	
	For non-V2X
Option 3
	In addition to Uu, SL can help in providing diversity. 

	
	UE-to-NW relaying
	For V2X and Public safety Option 1
	Rel-13 D2D for public safety has support of UE-to-NW relaying. Avoid physical layer changes to leverage availability of V2X chipset for Public safety.

	
	
	
For non-V2X Option 3
	For coverage extension example in IIoT Process Automation scenarios, Uplink coverage enhancements for consumer device (smartwatch, HMD)

	LGE
	Support of UE-to-Network relaying
Support of UE-to-UE relaying
	Option 2
	LTE ProSe design should be the starting point for UE relaying.
Commonality should be strived for between UE-to-Network and UE-to-UE relaying.

	Samsung
	UE-to-NW relaying
	For V2X and PS, Option 1
	RAN2

	
	UE-to-UE relaying
	For V2X and PS, Option 1
	RAN2

	Kyocera
	UE-to-UE and UE-to-Network relaying
	Option 1
	Important for PS.

	Volkswagen AG
	All
	Option 2
	This shall include Mode 1+2 sidelink.

	Fraunhofer
	UE-to-NW relaying 
UE-to-UE relaying

	Option 1

	RAN2


	Huawei, HiSilicon
	Study different types of sidelink based relays
1. Introduce sidelink L2 UE-to-network relay and UE-to-UE relay
· A (cooperative) UE group can be formed among UE(s) in proximity
· Relay UE(s) can be configured/selected from a (cooperative) UE group. 
· The UE group could include one or more relay UEs.
· A UE can connect to more than one relay UE.
· Expand sidelink source/destination ID to include source/destination on Uu link
· Procedures for forming and updating the UE group
2. Support cooperation between 
· Relay UEs 
· Relay UEs and connected UEs
· Support aggregated data transmission to/from the same UE with the help of relays
	Option 2
	· This would cover V2X use cases and non-V2X use cases.
· L2 relay provides a simple and flexible solution for SL
· Support data decoding/forwarding and some L2 functions
· Reduced processing latency than required by a L3 relay 
· Benefits of network assisted cooperation between relay UEs and between relays UEs and source/destination UEs
· Network assisted/configured cooperation 
· Improved throughput/coverage
· Improve reliability and reduced latency
· Flexible switching between simple relaying and cooperating 
· UE-to-UE relay is beneficial in V2X to support long platoons of 20 vehicles, and a communication range of 1000 meters (especially considering vehicular blockages).

	MediaTek
	UE-to-network relay (basic design including discovery, initial access, CP/UP architecture, mobility between relay and Uu)
	Option 1
	We think the existing L2 relay designs such as FeD2D and IAB can be used as a model, to avoid the need for an initial study phase on the architecture.  [RAN2]

	
	Multihop relaying
	Option 4
	

	
	UE-to-UE relay
	Option 4
	

	
	Mobile relay
	Option 3 or 4
	We see this as a second priority, but it could be studied in Rel-17 if the time is available.

	NTT DOCOMO
	UE to UE relay
	Option 3
	RAN2

	
	UE to NW relay
	Option 3
	RAN2

	Fujitsu
	Support both UE-to-Network relaying and UE-to-UE relaying
	Option 2
	Mainly for coverage extension based on L2 relay.

	CATT
	UE-to-Network relaying
	Option 1
	RAN2

	
	UE-to-UE relaying
	Option 1
	RAN2

	NEC
	relay to extend network coverage and sidelink communication range, UE-to-network relay, UE-to-UE relay
	Option 1
	

	vivo
	· UE-to-Network relay,
· For commercial such as smartwatch or HMD so that direct Uu link can be turned off.
· For some V2X usage such as platooning 
· Reuse the LTE D2D relay architecture for PS

	· Option 2
· Option 1

	· RAN1
· RAN 2


	Spreadtrum
	UE-to-NW relaying
	Option 2
	Strive to minimize the impact on RAN1.

	
	UE-to-UE relaying
	Option 2
	RAN2

	Lenovo/MM
	UE-to-NW relaying
	Option 1
	

	
	UE-to-UE relaying
	Option 3
	

	Ericsson
	UE-to-UE relaying
	Option 1 
	Consider only the scenario required by PS: two-hop communication for out-of- coverage operation.
Given the complexity of the topic and the impact beyond RAN, a study phase may be necessary at the beginning of the WI.

	
	UE-to-NW relaying
	Option 4
	The NR 16 specification already includes mechanisms for coverage extension such as the use of IAB nodes. Hence, the study or specification of this enhancement is not a priority. The scope of the work should be on adding missing functionalities that allow for new use cases.

	AT&T
	UE-to-NW relaying 
UE-to-UE relaying
	Option 2
	

	Sony
	UE-to-UE relaying
UE-to-network relaying
	Option 2
Option 2
	RAN2
RAN2

	Nokia
	UE-Network relaying
	Option 2
	Focus the work to ensure that the key relaying scenarios are covered in Rel-17

	Convida
	UE-to-UE relaying.

	For V2X and Public safety, Option 2
	For V2X communications packet forwarding and relaying can be considered specially in the context of RSU where RSU acts as relay. Avoid Physical layer changes compared to Rel-16.

	
	
	For other non-V2X,
Option 3
	In addition to Uu, SL can help in providing diversity. 

	
	UE-to-NW relaying
	For V2X and Public safety, Option 2
	Rel-13 D2D for public safety has support of UE-to-NW relaying. Avoid physical layer changes to leverage availability of V2X chipset for Public safety.

	
	
	For other non-V2X, Option 3
	For coverage extension example in IIoT Process Automation scenarios, Uplink coverage enhancements for consumer device (smartwatch, HMD)

	Toyota ITC
	UE-to-UE relaying,
UE-to-Network relaying
	For V2X,
Option 2
	This is beneficial for FR2 to extend the coverage. There is a concern in FR1 as relaying causes congestion.

	Intel
	For V2X/PS, UE-to-Network relaying, UE-to-UE relaying
	Option 2
	RAN1, RAN2

	
	For other use cases 
	Option 3
	RAN1, RAN2

	OMESH
	UE-to-UE relaying
UE-to-Network relaying
	Option 2
Option 3/2
	RAN2/RAN1/RAN3
UE to UE relay is quite straightforward for V2X and PS, it shall be forward compatibility to commercial (e.g., NCIS) and smart infrastructures etc.
UE to NW relay can be a next step but shall be considered together with Uu relay.

	Xiaomi
	UE-to-NW relaying
	Option 1
	RAN2

	
	UE-to-UE relaying
	Option 2
	

	ZTE
	UE to Network relaying
	Option 3
	RAN2

	Philips
	UE-to-NW relaying
	Option 2
	

	
	UE-to-UE relaying
	Option 2
	

	
	Multi-hop relaying
	Option 2
	

	InterDigital
	UE-to-NW relaying
UE-to-UE relating
	Option 2
	Rel13 D2D can be the baseline, but a study phase is required at least for UE to UE relay. PHY impact should be minimized.

	Futurewei
	UE-to-network relaying
 UE-to-UE relaying
	Option 2
	RAN has already discussed use cases where these features would be beneficial and study/work can begin 

	Vodafone
	All
	Option 3
	Unclear as to the urgency currently. Should be higher layers only.

	CMCC
	UE-to-Network relaying
	Option 2
	This would cover V2X use cases and non-V2X use cases.

	LGUPLUS
	UE-to-Network relaying, UE-to-UE relaying
	Option2
	RAN2

	TCL
	UE-to-UE relaying
	Option 2
	For public safety and platoon based schemes.

	
	UE-to-Network relaying
	Option 2
	For public safety based schemes

	Apple
	UE-to-NW relay
	Option 1
	RAN2. Cover the scenario of wearable to network relay through UE relay node for coverage extension and power saving.

	ORANGE
	UE-to-UE relaying
	Option 3
	

	
	UE-to-Network relaying
	Option 3
	

	NOVAMINT
	UE-to-UE relaying
 - V2X & Public Safety
 - Non V2X 
	
Option 1
Option 3
	

	
	UE-to-Network relaying
 - V2X & Public Safety
 - Non V2X
	
Option 1
Option 3
	




3.7. UE discovery
This subsection is to discuss the technical areas of UE discovery. Examples include channel used for discovery messages, UE discovery model/procedure. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	OPPO
	· Discovery procedure (no new SL PHY channel for discovery messages)
· Necessary L1 measurements to support discovery procedure
	· Option 2

· Option 1
	· RAN2

· RAN1

	Qualcomm
	Discovery model/procedure
	For V2X and Public safety, Option 4
	For V2X communication, in Rel-16 it was found that there is no need for separate physical channel for discovery. If required (for both V2X and Public safety) higher layer discovery messages can also use PSCCH/PSSCH for upper layer discovery message transmission. 

	
	
	For non-V2X
Option 3
	Study to improve power efficiency e.g. by introducing discovery resource pool and use PSCCH/PSSCH to transmit upper layer discovery messages.

	LGE
	Support of relay UE discovery
	Option 2
	Relay UE discovery should reuse the radio channels introduced for other sidelink communications.

	Samsung
	Discovery model/procedure including new PHY channel for discovery 
	For V2X and PS, Option 2
	RAN1

	Kyocera
	Discovery message/procedure
	Option 2
	Important for PS. RAN2 focus.

	Volkswagen AG
	All measures
	Option 2
	UE discovery is key for some use cases.

	Fraunhofer
	Discovery model / procedure
	Option 2
	RAN2 focus

	Huawei, HiSilicon
	· UE discovery for UE relay determination. e.g. channel quality based discovery 
· RAN awareness and controllability of the UE discovery procedure (including discovery messages and channels, UE discovery procedures)

	Option 2 if time allows 
	· This would focus on non-V2X use cases 
· In order to support UE relaying, schemes for selection of a suitable relay node among the available UEs need to be considered
· In order to support commercial use cases, the sidelink discovery procedure should be under RAN control, and allow gNB to be aware of which UEs are engaged in sidelink communication, so that it can monitor and adapt the sidelink transmissions

	MediaTek
	Discovery mechanism
	Option 2
	This would be for non-V2X use cases as it seems not needed for V2X, but could be useful for other cases e.g. relaying.  We assume there should be some initial analysis to determine if enhancements like a PHY discovery channel would be needed.  [RAN1]

	NTT DOCOMO
	Discovery procedure
	Option 3
	RAN1/RAN2

	Fujitsu
	UE discovery model/procedure
	Option 3
	Need to study the necessity.

	CATT
	Physical Discovery channel
	Option 1
	RAN1

	
	UE discovery procedure
	Option 1
	RAN2

	NEC
	Discovery in radio layer
	Option 4
	Does not see the necessity to introduce radio layer discovery

	vivo
	· Autonomous UE discovery for commercial and PS
· Discovery controlled by network for NCIS

	· Option 2
· Option 2

	· RAN2
· RAN2


	Spreadtrum 
	Discovery model/procedure for relay UE discovery
	Option 2
	RAN 2，RAN1

	Lenovo/MM
	Channel used for discovery messages, UE discovery model/procedure
	Option 2
	

	Ericsson
	Discovery model/procedure
	Option 1
	Start with a short study to identify potential gaps in discovery for PS purposes. Introduce enhancements if necessary and justified.

	Sony
	UE discovery model/procedure
	Option 2
	RAN1

	Nokia
	Discovery is important for public safety.  However, from the AS point of view, discovery can already be supported in Rel-16 using broadcast/multicast PSSCH carrying a higher layer discovery message; if shortcomings of this are identified, corresponding enhancements could be specified.
	Option 4
	

	Convida
	Discovery model/procedure 

	For V2X and PS, Option 2
	RAN1/RAN2

	
	Discovery model/procedure 
New PHY channel for discovery 
	For other non-V2X, Option 3
	

	
	
	
	

	Intel
	For V2X / PS there is no need for additional radio layer discovery
	Option 4
	RAN1

	
	For other use cases study is needed
	Option 3/4
	RAN1

	OMESH
	
	
	

	Xiaomi
	Discovery procedure & potential new PHY channel
	Option 3 for non-V2x services; not needed for V2x
	

	ZTE
	Discovery model/procedure
	Option 4
	

	Philips 
	UE discovery model/procedure
	Option 2
	Important for out-of-coverage scenarios.

	InterDigital
	Discovery procedure
Measurements to support discovery
	Option 3
	This is required for at least PS use cases.

	Futurewei
	Discovery channel
Discovery procedure
	Option 1
	Discovery is a crucial element for effective unicast communication and for some services (e.g., public safety). Standardizing a discovery channel and an associated procedure will significantly enhance the performance of Rel-16 V2X. Discovery resource pools for LTE could be used as a starting point, and modified to accommodate latency requirements

	Vodafone
	Discovery procedure
	Option 3
	Seems that there are existing solutions available, but could identify what potential gaps there are for future consideration.

	TCL
	Discovery procedure 
	Option 3
	Need to identify interest for PHY-based discovery

	Apple
	Discovery channel and procedure
	Option 2
	RAN1/2

	ORANGE
	Discovery procedure 
	Option 3
	Identify first whether there is a need for enhancements compared to what has already been specified. 

	NOVAMINT
	For Non V2X discovery procedure needs to be evaluated especially in case of relays and multi hops context
	Option 3
	




3.8. Enhancement to sidelink operations in unlicensed spectrum
This subsection is to discuss the technical areas of enhancement to sidelink operations in unlicensed spectrum. Examples include sidelink LBT, synchronization. 
	Company
	Details of the technical areas
	Time frame
	Remarks

	Qualcomm
	· Sidelink ranging and positioning 
	
For V2X, Option 1
	Sidelink ranging and positioning can be performed on unlicensed spectrum due to availability of larger BW.

	
	Synchronized unlicensed access, e.g, based on FBE framework
	
For non-V2X, option 3
	To support I-IoT latency/reliability requirements 
Can aim for not complicated SL design, e.g., limit to cat-2 LBT.
            

	Kyocera
	Unlicensed band operations
	Option 3
	Only SI otherwise takes away focus from PS, V2P, and other important scenarios.

	MediaTek
	Unlicensed operation
	Option 4
	This is excluding ITS spectrum for V2X, which of course should be supported.  For general unlicensed operation, we don’t think there is time to do it considering the other priority items that need to be addressed.

	Lenovo/MM
	Sidelink LBT, synchronization
	Option 3
	New sensing mechanism to meet the regulation requirement should be studied.

	Ericsson
	All areas related to unlicensed non-ITS spectrum
	Option 4
	Unlicensed ITS bands have been targeted since Rel-14 by 3GPP and it will continue to be so in Rel-17. Other unlicensed bands are not relevant for sidelink V2X or PS.

	Nokia
	
	Option 4
	

	Convida
	Unlicensed band operations, except ITS for V2X 
	Option 3
	Could be option 4, depending on the work load of Rel 17.

	OMESH
	
	Option 4
	

	Xiaomi
	Unlicensed band operations
	For Non-V2x, option 3
	

	ZTE
	Sidelink LBT
	Option 4
	For V2X communication, there is no need to consider sharing resources with other standard technologies.

	Philips
	Unlicensed spectrum operation
	Option 3
	Nice to have, but not essential to give very high priority.

	InterDigital
	Sidelink LBT
	Option 3
	A study would be required to identify impacts to sidelink operation.

	Futurewei
	Non-ITS unlicensed band operation
	Option 3, time permitting
	

	Vodafone
	All
	Option 4
	

	LGUPLUS
	All
	Option 4
	

	TCL
	Unlicensed sidelink operation
	Option 3
	

	ORANGE
	All
	Option 4
	

	NOVAMINT
	Sidelink range, positioning and unlicensed band option to be supported (especially for non V2X use cases) 
	Option 3
	There are demands for range to 3 to 5km in off network scenario for something like sidelink so this needs to be studied when looking at the other use cases



3.9. Others
This is to discussion topics not included in the above subsections.
	Company
	Details of the technical areas
	Time frame
	Remarks

	Qualcomm
	For V2X communications RSU is important entity and needs to be considered for enhancements in Rel-17 e.g. resource allocation, ranging/positioning etc. 
	For V2X, Option 1
	Sidelink ranging and positioning can be performed in unlicensed spectrum due to availability of larger BW.

	LGE
	UL/SL dynamic switching
	Option 2
	This is to improve the radio efficiency and QoS provisioning in adaptation to the link condition change in SL and UL.

	Volkswagen AG
	Predictive QoS in Mode 1 + 2
	Option 2
	

	
	Efficient support of all message types as defined in TS 22.186 (small payload, low cadence). Simulations assumptions which reflect realistic message mixtures (Broad-, Multi-, Unicast), trigger conditions (Periodic, Aperiodic) and traffic scenarios.
	Option 1
	

	
	Improve reliability of sidelink, also in terms of congestion scenarios
	Option 1
	

	
	Effective and flexible Doppler compensation at high speeds.
	Option 1
	

	
	Sidelink in unlicensed spectrum: Synchronization mechanisms, ranging and positioning, coexistence with other technologies
	Option 2
	Candidate technology for non-critical data offloading in vehicular (V2X) and production environments (non-V2X). Also to enhance positioning.

	Huawei, HiSilicon
	Enhancements to QoS.
	Option 1 if time allows
	This would focus on V2X use cases.
We understand QoS aspects will be considered in the email discussion after RAN#85, and will provide further detail at that time.

	
	· Inter-PLMN operation
· RAN supports the resource configuration/coordination for sidelink communication among UEs belonging to different PLMNs and using different carriers.
· Spatial multiplexing between Uu and PC5.
	Option 2 if time allows 
	This would focus on non-V2X use cases.
For commercial use cases, indoor sidelink can be spatially multiplexed with outdoor Uu transmission to achieve higher spectral efficiency. 

	NTT DOCOMO
	Improve URLLC performance on SL (QoS, resource allocation, etc.)
	Option 1
	RAN1/RAN2 
We think that URLLC on SL has room for improvement.

	Nokia
	Sidelink Assisted Communication and Sidelink + Uu multi-connectivity 
	Option 3 or 2
	

	OMESH
	· UL/SL dynamic switching; Inter-PLMN operation

	Option 2
	This offer usefulness in many use cases

	 InterDigital
	Enhancements to QoS 
	Option 1
	Will depend on the discussion on Rel16 leftovers.

	Vodafone
	Possible V2X leftovers to work well in licensed spectrum
	Option 1
	TBD if there are any.

	CMCC
	Inter PLMN operation
Inter gNB operation for in-coverage scenario 
Uu/SL switch
	Option 2
	

	TCL
	QoS Enhancements, in particular for Mode 2
Groupcast enhancement 
	Option 2
	

	ORANGE
	Predictive QoS
	Option 2
	

	NOVAMINT
	Predictive QoS
	Option 2 or 3
	




4. Evaluation methodology
Rel-16 5G V2X WI is using an evaluation methodology developed for V2X use cases: It is described in TR 37.885 and some additional agreements were made during the WI. It needs to be discussed whether Rel-17 study/work on sidelink enhancements will reuse this Rel-16 evaluation methodology (or its modification) or a new methodology needs to be established. If a company is of the opinion that a modification or new methodology is needed, it is requested to explain the difference from the existing methodology in detail.
	Company
	View on the sidelink evaluation methodology

	OPPO
	Since the operating environment, scenarios and device type for commercial and PS are different to V2X, it is necessary to consider updates to the existing 5G V2X evaluation methodology at the beginning of Rel-17. Some of models that would require updates include:
· UE dropping models for commercial and PS
· Indoor and outdoor-to-indoor channel models for commercial and PS
· Traffic models

	Qualcomm
	For V2X communications, reuse the evaluation methodology used for Rel-16 V2X WI. New drops/channel models are required for public safety.

	
	For non-V2X: start with V2X and bring-in scenario-specific aspects as needed but consider new drop, additional metrics. For some use cases, such as IIoT (TR 38.901), the already available evaluation methodologies can be reused.

	LGE
	As V2X use cases have more stringent requirement than public safety and commercial use cases, Rel-16 methodology should be reused as much as possible to expedite the WG progress in limited TU allocation. If needed, a new SL evaluation scenario, based on LTE ProSe evaluation methodology, can be considered in order to evaluate UE-to-Network relaying.

	Samsung
	· For V2X, evaluation methodology captured for Rel-16 NR V2X WI are reused except for the following:
· Metrics for power consumption
· For PS
· New dropping model
· Metrics for range and reliability
· Metrics for call setup latency or call drop ratio
· Metrics for power consumption

	Volkswagen AG
	The traffic models and vehicle types defined in TR 37.885 shall be re-evaluated for topicality.

	Fraunhofer
	Reuse the existing Rel-16 evaluation methodology to the extent possible. Enhancements for the Rel-17 evaluation methodology and additional metrics should be added when required for sidelink enhancements and new non-V2X use cases e.g. relaying, public safety, IIoT use cases.

	Huawei, HiSilicon
	V2X
No further modification is required
Commercial
Updates are required to: traffic model (different data rate, reliability and latency requirement), antenna pattern (different with vehicle UEs), UE dropping, new performance metric (e.g. latency distribution)
Critical communication
It should be possible to reuse Rel-12 D2D deployment assumptions.

	MediaTek
	For non-V2X use cases like PS and relaying, it seems needed to evaluate with alternative channel models e.g. indoors and O2I.  The dropping model may also need to be modified for the indoor scenarios.  Potentially refer to what was used in IAB (for relaying) and LTE D2D (for PS).
Performance metrics should be added, e.g. throughput and latency for advanced V2X services.

	FirstNet
	As stated in RP-190911 by the public safety communities, critical public safety services require UE-to-UE/Network relays, carrier aggregation on sidelink, and discovery channel.

	CATT
	TR 37.885 can be reused for Rel-17 sidelink enhancements in V2X as the evaluation methodology. For non-V2X, it has some scenarios (e.g. indoor scenario) which is different from that in V2X. It is necessary to study the application scenarios in Rel-17 for non-V2X.

	NEC
	Rel-16 methodology can be reused for the evaluation of common functionalities.

	vivo
	The Rel-16 evaluation methodology is designed for V2X only. Consequently, it is not suitable for commercial and PS use cases. At least the following enhancements should be considered:
· Evaluation scenarios and UE dropping for commercial and PS (the urban and highway are not typical scenarios for commercial and PS use cases)
· Channel models (at least include indoor channel model)
· Dropping and channels for relay node
· Traffic model for commercial and PS use cases
· Performance metric (e.g. power consumption model)


	Spreadtrum
	· For V2X communications, evaluation methodology in Rel-16 can be reused.
· For Non-V2X communications, the following aspects should be updated:
· Evaluation scenarios
· UE dropping model, including UE’s length/width/height/speed/position distribution and clustered UE dropping method;
· Traffic model
· Performance metric, i.e., for relay.

	Lenovo/MM
	Reuse Rel-16 for V2X, new for commercial usage.

	Ericsson
	For V2X, the methodology is already established in TR 37.885.
For PS, the methodology would have to be defined at the start of Rel-17. The appendix in TR 36.843 should be considered as the starting point.

	Sony
	For V2X, the evaluation methodology used for Rel-16 V2X WI are reused. For commercial and critical communications, V2X evaluation methodology should be reused as much as possible considering evaluation efforts. In addition, some models for the commercial communication will be different from V2X. For example, a power consumption can be considered as an evaluation metric for power saving functionality, and the evaluation methodology in FeD2D SI can be reused.

	Nokia
	We do not see any need for changing the evaluation methodology for V2X. 
For public safety, an appropriate evaluation methodology should be used; that used for Rel-12/13 D2D could be a starting point. 

	Convida
	Reuse Rel-16 evaluation methodology for V2X mostly. 
Enhancements for new non-V2X use cases, especially dropping, traffic model, performance metric, etc.

	Toyota ITC
	For V2X, at least evaluation methodology in TR 37.885 and additional agreements made during Rel-16 V2X WI should be used.

	Intel
	New evaluation methodology is needed for all use cases except V2X.

	Xiaomi
	Rel-17 V2x & PS can reuse Rel-16 V2x evaluation methodology; while new scenario including indoor/low mobility UEs with new traffic model should be additionally considered for commercial use cases;

	ZTE
	For V2X communications, reuse the evaluation methodology for Rel-16 V2X as much as possible. If UE-to-Network relay, pedestrian UEs in V2X are considered, new methodology is needed, such as the traffic model, pedestrian UE drop, enable/disable the Relay,etc.

	InterDigital
	Re-use the existing Rel16 model for V2X.  Develop new model for public safety use cases.

	Futurewei
	The Rel-16 evaluation methodology should be appropriate for most V2X applications. For non-V2X, as shown by the inputs of the public safety community, other scenarios should not be prohibited but the need for a formal TR with new study methodology is not clear

	TCL
	Reuse the existing methodology wherever applicable. For the new scheduling mechanisms or FR2 operation though, new scenarios need to be added.



5. Non-sidelink V2X
The endorsed email discussion includes the possibility of a spin-off email discussion for non-sidelink V2X aspects. Here, non-sidelink V2X means the operation where packets for V2X is transmitted using uplink/downlink, not sidelink. In other words, Uu enhancements to improve V2X packet transmission/reception in sidelink should be discussed in Section 3 of this email. Companies are invited to provide views on the need for a spin-off email discussion for non-sidelink V2X, and the discussion scope if needed.
	Company
	View on non-sidelink V2X

	OPPO
	In our view, non-sidelink V2X related aspects can be handled in a similar manner as in Rel-16 in one or more of Uu enhancements work (e.g. IIoT_URLLC_enh and NR_multicast_broadcast) to avoid duplicated and potentially contradicted discussions and effort. And therefore, we don’t recommend a spin-off email discussion for non-sidelink V2X aspects.

	Qualcomm
	V2X communications can also get benefitted from other WI/SI targeting Uu enhancements. Hence like Rel-16 WI, no need to consider Uu enhancements under Rel-17 V2X WI. 

	LGE
	A spin-off email discussion is not needed for non-sidelink V2X as already agreed email discussion areas (e.g., multicast/broadcast) can cover enhancements for Uu-based V2X.

	Samsung
	Uu enhancements for non-sidelink V2X should be discussed in other WI/SI in order to minimize the scope of Rel-17 sidelink enhancements. No need to have a spin-off email discussion separately. 

	Volkswagen AG
	A continuation of the work on prediction of QoS on Uu is relevant for automotive use cases.

	Huawei, HiSilicon
	For non-sidelink V2X, remote control/monitoring is an important use case. Rel-16 eURLLC has already considered enhancement for uplink video transmission, but limited to the 720p video case (2.5 Mbps). Further enhancement for uplink transmission to satisfy the requirement from TS 22.186 of 25 Mbps uplink transmission (e.g. 4K video case) is still needed.

	MediaTek
	Uu broadcast and groupcast could be considered as potential Uu enhancements.  We assume that if pursued, this would likely be a separate work item and it could be discussed separately from the sidelink enhancements (but could be combined with other existing discussions such as multicast/broadcast).

	NTT DOCOMO
	Non-sidelink V2X can be included in other SIs/WIs as Rel-16. For example, IIoT_URLLC_enh, NR_multicast_broadcast, and Positioning_enh can cover Non-sidelink V2X. No need to have independent SI/WI for this.

	Fujitsu
	NR Uu has been discussed in NR-V2X, and thus, there is no necessity to spin off email discussion for non-sidelink V2X.

	CATT
	It is not necessary to discuss non-sidelink V2X as in the spin-off email discussion, since the main communication is happened on sidelink. Uu enhancement related areas in V2X are already included by other email discussion.

	NEC
	Spin-off email discussion is not needed.

	vivo
	Non-sidelink V2X aspects can be discussed in other Uu enhancement SI or WI.

	Spreadtrum
	Non-sidelink V2X enhancements should be dealt in other Uu WI/SI and a spin-off email discussion here is not necessary.

	Ericsson
	Any Uu feature that is not related to sidelink should be considered in the corresponding SI/WI from start. For example, broadcast/multicast should be considered in another SI/WI, even if it is relevant for V2X or NSPS; in contrast, Uu features for managing the sidelink would be in scope of the sidelink SI/WI.

	Sony
	Uu enhancements for non-sidelink V2X should be discussed in other WI/SI (e.g. multicast/broadcast). A spin-off email discussion is not necessary for non-sidelink V2X.

	Nokia
	Currently we do not see any enhancements needed for Uu V2X beyond what has been done in R16 URLLC, except multicast, which should be handled separately under the multicast/broadcast topic.

	Convida
	Non-sidelink V2X enhancement discussions can be discussed in other Uu enhancement SI or WI.

	Toyota ITC
	Similar to Rel-16 WI, non-sidelink V2X can be considered and discussed in other WIs/SIs.

	Intel
	Our preference is to avoid Uu and PC5 related enhancements in one item since design details are anyway different

	ZTE
	In R14, the non-sidelink V2X has been systematically evaluated and analyzed. Uu ehancements are specified to reduce the latency. For NR V2X, We think it is better to have a corresponding study. However, not need to spin off separate email discussion for non-sidelink V2X.  

	InterDigital
	Similar approach as Rel16 should be taken – Uu enhancements can be discussed in other SI/WI.  Spin-off email discussion is not needed.

	Futurewei
	Where to treat enhancements should be discussed on a case-by-case basis, as it was done in rel-16 for V2X Uu enhancements and URLLC. We do not see the need for a separate email discussion at this stage

	Vodafone
	Sidelink-specific aspects of Uu should be part of any sidelink item.

	CMCC
	Uu enhancement targeting V2X requirement could be discussed in other SI/WI, e.g. IIoT_URLLC_enh and NR_multicast_broadcast. But enhancement related to Uu/SL coordination, e.g. Uu/SL switch, should be discussed in this SI/WI.

	TCL
	The support of V2X on non-sidelink is important from our point of view. We are though open if it should be discussed within Sidelink V2X WI or in a different WI. 



6. Other topics
Companies are invited to provide views on the topics (if any) other than those discussed above.
	Company
	View on other topics

	
	

	
	






7. Summary
Summary on Section 2 Design principles and operation scenarios

Majority companies responded that Rel-17 sidelink enhancement should strive for common solutions for V2X, public safety, and commercial use case, while several companies also commented that this should not preclude a solution which is very essential to a use case but not applicable to the others. The moderators think this observation is in line with the guidance endorsed in RAN#84 “Focus on common functions across the key use cases” and “Achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink while addressing their specific requirements” with the understanding that a use case specific essential solution can be considered by the last part of the guidance. Most companies also responded that WGs can follow the principle of common solution by introducing enhancements on top of the basic sidelink functionalities defined in Rel-16.
Several companies discussed potential difference of the use cases. Qualcomm, Kyocera, NOVAMINT responded that V2X and public safety can be supported with the common solution but proposed to separate the commercial use case study from the work on V2X and public safety due to the potential difference in radio design. Fraunhofer and Orange proposed a separation between V2X and non-V2X use cases to address their specific requirements, while Sony suggested to start with a separate SI on NR sidelink and relays. Fujitsu, NEC, Spreadtrum, and Vodafone claimed that the commercial and public safety use cases have a lower priority than V2X. Samsung and Intel responded that more analysis is needed on the commonality and difference of the use cases firstly. The moderators observed there are two SA items that may be related to the commercial use cases; NCIS (Network Controlled Interactive Service) and REFEC (Enhanced relays for energy efficiency and extensive coverage). The moderators think that NCIS aspect can be firstly considered in the RAN discussion on Rel-17 sidelink as this item is progressing both in SA1 and SA2, and REFEC aspect can be discussed after RAN#85 once its status in SA2 becomes clear. The moderators also think that the radio requirement of NCIS can be mostly covered by that of V2X, except the potential of a bit higher peak rate requirement.
Regarding the sidelink operation scenarios, most companies responded all the coverage scenarios (in-coverage, out-of-coverage, partial coverage) are supported. It was also a common view that Rel-17 should also support sidelink operations in ITS spectrum and licensed spectrum (including the spectrum used for public safety). For the coexistence with Rel-16 sidelink, most companies responded that Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool, but this would not preclude the possibility of configuring a resource pool dedicated to Rel-17.

Summary on Section 3 Potential technical areas

Company input sidelink with multi-carrier operation can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· Packet duplication
· Option 1: LGE, Samsung, Fraunhofer, HW/HiSi, MediaTek, NEC, vivo, Spreadtrum, Convida, Xiaomi, Futurewei, LGUPLUS
· Option 2: OPPO, Sony, Convida
· Option 3: Lenovo/MM, TCL
· Option 4: 
· Handling limited TX and RX capability
· Option 1: OPPO, LGE, Samsung, Fraunhofer, HW/HiSi, CATT, NEC, Spreadtrum, Ericsson, Sony, Convida, Futurewei, LGUPLUS
· Option 2: TCL
· Option 3: Lenovo/MM
· Option 4: 
· Synchronization across sidelink carriers
· Option 1: OPPO, LGE, Samsung, Fraunhofer, HW/HiSi, DOCOMO, CATT, NEC, vivo, Spreadtrum, ZTE, Futurewei, LGUPLUS
· Option 2: TCL
· Option 3: Lenovo/MM
· Option 4:
· Cross-carrier control or DC type multi-carrier operation
· Option 1: LGE, HW/HiSi, vivo, Futurewei
· Option 2: OPPO, AT&T, TCL
· Option 3: Xiaomi, InterDigital, Lenovo/MM
· Option 4: MediaTek, DOCOMO, Fujitsu, LGUPLUS
· Companies express general views
· Option 1: Volkswagen (FR1), MediaTek (CA type), DOCOMO (CA type), CMCC (Uu control and report)
· Option 2: Kyocera, Fujitsu (CA type), Nokia, Intel (FR1), OMESH, ZTE, InterDigital (CA type), Orange(V2X)
· Option 3: Nokia, Philips, QC (non-V2X)
· Option 4: Qualcomm(V2X/PS), Intel (FR2), Ericsson (other than operation in multi-carrier), Orange(non-V2X)
· Other discussed topics
· Carrier (re-)selection
· Sidelink operation under MR-DC
· Multiple BWP
· Inter-PLMN SL RX
· SL/UL prioritization
· Moderator’s note: 
· It was not very clear what was meant by “DC type” and how it differs from “CA type” when multiple sidelink carriers are used in a UE given that a UE needs to communicate with multiple UEs (and set up multiple connections in unicast). It would help future discussions if the proponents can describe the functionalities to be considered for “DC type.”
· Several companies proposed to take Rel-15 design as the baseline.

Company input on power saving can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· Power efficient resource allocation
· Option 1: OPPO, QC(V2X/PS), LGE, Samsung, Fraunhofer, CATT, NEC, vivo, Spreadtrum, Lenovo/MM, Ericsson, AT&T, Sony, Xiaomi, InterDigital, Futurewei, CMCC, LGUPLUS, Apple
· Option 2: Kyocera, HW/HiSi, MediaTek, Convida, TCL
· Option 3: 
· Option 4:
· Sidelink DRX
· Option 1: QC(V2X/PS), LGE, Samsung, Fraunhofer, MediaTek, CATT, NEC, Spreadtrum, Ericsson, AT&T, Sony, Xiaomi, Futurewei, Vodafone, CMCC, LGUPLUS, Apple
· Option 2: OPPO, Kyocera, HW/HiSi, vivo, Convida, ZTE, InterDigital, Vodafone, TCL
· Option 3: DOCOMO, Lenovo/MM, NOVAMINT (V2X/PS)
· Option 4: 
· Enhanced power control
· Option 1: OPPO, DOCOMO, InterDigital, CMCC, Apple
· Option 2: Fraunhofer, HW/HiSi, MediaTek, NEC, vivo, Convida
· Option 3: QC (non-V2X), Sony, TCL
· Option 4: QC (V2X/PS), Samsung, Lenovo/MM, Ericsson
· Companies express general views
· Option 1:
· Option 2: VW, Nokia, Intel (V2X/PS), OMESH, ZTE, Philips
· Option 3: QC (non-V2X), Fujitsu, NOVAMINT (non-V2X)
· Option 4:
· Others discussed topics
· Multiple/flexible BWP
· RRC inactive/idle states for SL communications
· Sending result sharing
· CLPC was mentioned in power saving
· Receiver-based resource allocation
· Pool signaling enhancement

Company input on enhancement for FR2 can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· Beam management
· Option 1: LGE, Samsung, Fraunhofer, HW/HiSi, Spreadtrum, AT&T, Toyota, Xiaomi, InterDigital
· Option 2: OPPO, MediaTek, DOCOMO, Fujitsu, NEC, vivo, Sony, Convida, Futurewei, Apple
· Option 3: Kyocera, CATT, Lenovo/MM, ZTE, Nokia (with FR1 assistance), TCL, Orange
· Option 4: QC (V2X/PS)
· Multiple panels
· Option 1: LGE, Samsung, Fraunhofer, HW/HiSi, Spreadtrum, AT&T, Toyota, Xiaomi, InterDigital
· Option 2: OPPO, vivo, Sony, Convida, Futurewei
· Option 3: CATT, Lenovo/MM
· Option 4: QC
· Assistance from FR1
· Option 1: LGE, Samsung, HW/HiSi, AT&T, Toyota
· Option 2: NEC, Futurewei
· Option 3: CATT, Lenovo/MM
· Option 4: QC, Sony
· Companies express general views
· Option 1:
· Option 2: OMESH, Philips
· Option 3: VW, Intel
· Option 4: Ericsson, Vodafone, NOVAMINT
· Other discussed topics
· Enhanced resource allocation in FR2 beamforming
· Moderator’s note: 
· Several companies proposed simplification to beam management.

Company input on MIMO/CSI enhancement can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· More than 2 layers
· Option 1: OPPO, LGE, Samsung, HW/HiSi, NEC, Spreadtrum, Sony, InterDigital, Futurewei, CMCC, LGUPLUS
· Option 2: Kyocera, MediaTek, DOCOMO, vivo, TCL, Orange
· Option 3: CATT, Lenovo/MM, Convida, Toyota
· Option 4: QC, VW, Fujitsu, AT&T, ZTE
· CSI report to gNB
· Option 1: OPPO, LGE, Samsung, Fraunhofer, HW/HiSi, DOCOMO, NEC, Spreadtrum, Sony, CMCC, LGUPLUS
· Option 2: Kyocera, vivo, Nokia, Convida, TCL
· Option 3: CATT, Nokia
· Option 4: QC, ZTE
· High order modulation
· Option 1: OPPO, Samsung, HW/HiSi, NEC, Spreadtrum, Sony, CMCC
· Option 2: Kyocera, MediaTek, AT&T, Orange
· Option 3: CATT, Convida, Toyota
· Option 4: QC
· Companies express general views
· Option 1: VW (other than more layers), InterDigital
· Option 2: OMESH
· Option 3: Xiaomi
· Option 4: Ericsson, Nokia (other than CSI to gNB), Intel, Philips, Vodafone
· Other discussed topics
· 2 or 4 TB
· CSI on PSFCH
· PMI report
· MU-MIMO
· Wideband CSI-RS
· CSI feedback simplification
· Moderator’s note: 
· High order modulation needs to consider the outcome of Rel-16 where the maximum modulation order is not decided yet.

Company input on resource allocation enhancement can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· UE scheduling another UE
· Option 1: OPPO, QC (V2X/PS), Samsung, Kyocera, Fraunhofer, HW/HiSi, MediaTek, DOCOMO, Fujitsu, CATT (V2X), NEC, Spreadtrum, Lenovo/MM, AT&T, Sony, Convida, Toyota, OMESH, Xiaomi, InterDigital, CMCC, LGUPLUS
· Option 2: vivo, Intel (V2X/PS), CMCC, TCL
· Option 3: 
· Option 4: ZTE
· Inter-UE coordination
· Option 1: OPPO, LGE, Samsung, Fraunhofer, CATT(V2X), Lenovo/MM, Sony, Convida, Xiaomi (if not in Rel-16), InterDigital, CMCC, LGUPLUS
· Option 2: Spreadtrum, Intel (V2X/PS), CMCC
· Option 3: MediaTek,
· Option 4: ZTE
· Companies express general views
· Option 1: Futurewei
· Option 2: VW, Philips
· Option 3:
· Option 4: Ericsson, Nokia, Vodafone
· Moderator’s note: 
· Further clarification seems necessary in the future discussion on the meaning of “UE scheduling another UE” because some companies responded that this corresponds to “UE relaying sidelink grant generated at gNB” which was studied in Rel-16 as a part of mode 2(d) but not exactly equivalent to “UE scheduling another UE.”

Company input on UE relaying can be summarized as follows. Topics highlighted in green received large support and can be firstly considered for the objective of Rel-17 sidelink enhancements:
· UE-to-Network relaying
· Option 1: QC (V2X/PS), Samsung (V2X/PS), Kyocera, Fraunhofer, MediaTek, CATT, NEC, Xiaomi, Lenovo/MM, Apple, NOVAMINT (V2X/PS)
· Option 2: OPPO, LGE, HW/HiSi, Fujitsu, Philips, vivo, Spreadtrum, AT&T, Sony, Nokia, Convida (V2X/PS), Intel (V2X/PS), Toyota (V2X), OMESH, InterDigital, Futurewei, CMCC, LGUPLUS, TCL
· Option 3: QC (non-V2X), Convida (non-V2X), Intel (others), DOCOMO, ZTE, OMESH, Orange, NOVAMINT (non-V2X)
· Option 4: Ericsson
· UE-to-UE relaying
· Option 1: QC (V2X/PS), Samsung (V2X/PS), Kyocera, Fraunhofer, CATT, NEC, Ericsson, NOVAMINT (V2X/PS)
· Option 2: OPPO, LGE, HW/HiSi, Fujitsu, Xiaomi, Philips, Spreadtrum, AT&T, Sony, Convida (V2X/PS), Intel (V2X/PS), Toyota (V2X), OMESH, InterDigital, Futurewei, LGUPLUS, TCL
· Option 3: QC (non-V2X), Convida (non-V2X), Intel (others), DOCOMO, Lenovo/MM, Orange, NOVAMINT (non-V2X)
· Option 4: MediaTek
· Multi-hop relaying
· Option 1: 
· Option 2: Philips
· Option 3: 
· Option 4: MediaTek
· Companies express general views
· Option 1: 
· Option 2: VW
· Option 3: Vodafone 
· Option 4: 
· Moderator’s note: 
· In LTE, L3-based UE-to-Network relaying was introduced for SL ProSe and several companies expressed that it could be used as the baseline for NR sidelink.

Company input on UE discovery can be summarized as follows:
· Discovery model/procedure
· Option 1: CATT, Ericsson, Futurewei
· Option 2: OPPO, LGE, Samsung (V2X/PS), Convida (V2X/PS), Kyocera, VW, Fraunhofer, HW/HiSi, MediaTek, Philips, vivo, Spreadtrum, Lenovo/MM, Sony, Apple
· Option 3: QC (non-V2X), Convida (non-V2X), DOCOMO, Fujitsu, Xiaomi (non-V2X), InterDigital, TCL, Orange, NOVAMINT
· Option 4: QC (V2X/PS), ZTE
· PHY SL discovery channel
· Option 1: CATT, Futurewei
· Option 2: Samsung (V2X/PS), Apple
· Option 3: Convida (non-V2X)
· Option 4: 
· Companies express general views
· Option 1: 
· Option 2: VW
· Option 3: Vodafone, Intel (others)
· Option 4: NEC, Nokia, Intel (V2X/PS)
· Moderator’s note: 
· It is mentioned by several companies that UE discovery is a higher layer functionality and that the discovery message can be delivered via the existing PSSCH without needing to define a new PHY channel for discovery.

Company input on sidelink operation in unlicensed spectrum can be summarized as follows:
· Sidelink operation in unlicensed spectrum
· Option 1: Qualcomm(V2X/PS)
· Option 2: 
· Option 3: Kyocera, Lenovo/MM, Convida, Xiaomi, Philips, InterDigital, Futurewei, TCL, NOVAMINT
· Option 4: MediaTek, Ericsson, Nokia, OMESH, ZTE, Vodafone, LGUPLUS, Orange

Companies also proposed to consider the following topics:
· UL/SL dynamic switching
· Enhancements to QoS including predictive QoS in Mode 1 and 2
· Reliability improvement in congested scenarios
· Flexible Doppler compensation at high speeds
· Spatial multiplexing between Uu and PC5
· Sidelink Assisted Communication and Sidelink + Uu multi-connectivity

Summary on Section 4 evaluation methodology
Majority companies expressed the current Rel-16 evaluation methodology (EM) developed for NR-V2X can be reused for evaluating V2X use cases in Rel-17 and updates to some models and performance metrics should be carried out for evaluating PS and commercial use cases.
Company input on the updates to the models and performance metrics as follows. Topics highlighted in green received large support and can be firstly considered for the update.
· UE dropping model (OPPO, Qualcomm, Samsung, HW/HiSi, MediaTek, Xiaomi, ZTE, vivo, Spreadtrum, Convida)
· Channel model (OPPO, Qualcomm, MediaTek, Xiaomi, vivo)
· Traffic model (OPPO, VW, HW/HiSi, Xiaomi, ZTE, vivo, Spreadtrum, Convida)
· Vehicle type (VW)
· Antenna pattern (HW/HiSi different from vehicle UEs)
· Metric for power saving/consumption (Samsung, vivo, Sony)
· Metric for relaying (Spreadtrum)
· Metric for latency, reliability, range and call drop ratio (SS, MTK)

Moderator’s note: 
· For the existing PRR and PIR metrics defined in TR37.885, sidelink packet reception reliability and latency aspects are respectively reflected and they can be used for evaluating broadcast-, groupcast- and unicast-type use cases (using PRR/PIR type 1 or type 2). Distance range is also part of the metric definitions. Additionally, packet throughput metric according to reference [17, TR36.814] is already captured in TR37.885. Although performance metrics for power saving/consumption and relaying are mentioned by some companies, it still needs to be clarified how to calculate or performance analysis for these, and also the motivation behind them.

Summary on Section 5 non-sidelink V2X
Majority companies responded that no spin-off discussion is necessary for non-sidelink V2X because the ongoing discussion on Uu enhancement can cover any V2X aspects.

8. Proposals for way forward
The moderators propose the following for the discussion on Rel-17 sidelink enhancements:

Proposal 1: Confirm the following as the principles of Rel-17 study/work for sidelink enhancement:
· Achieve maximum commonality between commercial, V2X, and Critical Communication usage of sidelink
· It is clarified that this principle does not preclude a solution which is essential to a use case but not applicable to the others.
· [bookmark: _GoBack]Considering the current SA status, commercial use cases considered in Rel-17 work include those specified in NCIS.
· Enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16.
· Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-17 sidelink in a dedicated resource pool.

Proposal 2: Start two separate email discussions after RAN#85 (until RAN#86) with one email discussion scoping out detail objectives for a Rel-17 sidelink enhancements WI (to be led by RAN1) covering general sidelink aspects and the other one scoping out detail objectives for a Rel-17 sidelink relaying SI (to be led by RAN2) with a plan to complete the corresponding normative work in Rel-17.

Proposal 3: Discuss the following aspects for the general sidelink enhancements WI objectives:
· Topics related to ongoing Rel-16 5G V2X WI (those not discussed in the first email discussion phase), including those down-scoped in RAN#85 if any
· The following technical areas identified during the first email discussion phase, including the necessity/priority of each topic in WI, elaboration of each topic, the need of a study phase for each topic:
· Sidelink with multi-carrier operation (RAN1 lead)
· Packet duplication
· Handling limited TX and RX capability
· Synchronization across sidelink carriers
· Resource allocation enhancement (RAN1 lead)
· Resource allocation to reduce power consumption of the UEs
· Support of UE scheduling another UE
· Support of inter-UE coordination
· Enhancement to FR2 operations (RAN1 lead)
· Support of sidelink beam management
· Enhancement to the operation of UEs with multiple panels
· Support of sidelink CSI report to gNB (RAN1 lead)
· Sidelink DRX (RAN2 lead)
· Other essential topics that need to be added for normative work in Rel-17 (See proposal 5)
· Sidelink evaluation methodology update
· Reuse the existing NR-V2X evaluation methodology in TR37.885 for evaluating V2X use cases
· For evaluating commercial and public safety use cases, the existing methodology in TR37.885 should be used as the baseline and updates to the following models should reuse past models developed in 3GPP as much as possible (e.g. LTE ProSe). This model updates to the evaluation methodology should be completed within a timeframe (e.g. 2 WG meetings) to avoid causing excessive delays to the normative work.
· UE dropping model for commercial and public safety
· Channel model for indoor-to-indoor and outdoor-to-indoor
· Traffic model for commercial and public safety
· Evaluation assumption and performance metric for power saving

Proposal 4: Discuss the following aspects for the sidelink relaying SI:
· The following technical areas identified during the first email discussion phase:
· UE relaying (RAN2 lead)
· UE-to-Network relaying
· UE-to-UE relaying
· Confirmation of the principle to focus on high layer aspect of supporting UE relaying operation and minimize physical layer changes
· Topics that may facilitate UE relaying operations such as relay UE discovery, cooperation between UEs, multi-hop relay, etc.
· Time frame including the length of the SI and how to start the normative work

Proposal 5: Continue discussion on whether some of the following topics are also targeted for normative work or study in Rel-17:
· Sidelink with multi-carrier operation
· Cross-carrier control (control signal for sidelink carrier A is sent over sidelink carrier B)
· “DC type” multiple sidelink carrier operation
· Sidelink carrier (re-)selection
· Sidelink operation under MR-DC
· Multiple sidelink BWP
· RAN impact in supporting inter-PLMN sidelink RX
· SL/UL prioritization
· Power saving
· Enhanced power control including closed-loop power control, power headroom report, …
· Multiple or flexible sidelink BWP
· RRC inactive/idle states for SL communications
· Sensing result sharing
· Receiver-based resource allocation
· Pool signaling enhancement for power efficiency
· FR2 enhancement
· Assistance from FR1
· MIMO/CSI enhancement
· Support more than 2 layers
· Support high order modulation (depending on Rel-16 outcome)
· 2 or 4 TB
· CSI on PSFCH
· PMI report
· MU-MIMO
· Wideband CSI-RS
· CSI feedback simplification
· Sidelink operation in an unlicensed band
· UL/SL dynamic switching
· Enhancements to QoS including predictive QoS in Mode 1 and 2
· Reliability improvement in congested scenarios
· Flexible Doppler compensation at high speeds
· Spatial multiplexing between Uu and PC5
· Sidelink Assisted Communication and Sidelink + Uu multi-connectivity

Proposal 6: Conclude that non-sidelink V2X can be discussed in the relevant Uu enhancement discussions and no spin-off discussion is necessary.
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