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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _GoBack]This document discusses the enhancements for sidelink work item. The important topics both from the left-over Rel-16 items or the additional enhancements beyond Rel-16 are discussed with relevant arguments. 

2 Discussion 
2.1 Sidelink Feedback
Rel-16 does not support CBG based feedback.
CBG based HARQ operation was adopted in NR Rel-15. It allows the receivers to be configured for CBG based HARQ feedback, and then enables re-transmission possibilities only for erroneous CBGs rather than the classical TB based re-transmissions. Thus, CBG based operation can be very useful for large TB sizes. It is important to note that the vehicular environment can be much more dynamic than the cellular environment, due to mobility of both Tx and Rx. Thus, the probability that partial code block groups are not decoded is higher in sidelink compared to traditional cellular communication involving gNB on one end of the transmission. The number of feedback bits increase for the CBG based feedback. To have a uniform framework for TB or CBG based feedback, the implicit resource assignment framework of TB based feedback can be reused for CBG based feedback. Additional phase shifts, sequences or resources can be used to transmit multi-bit CBG based feedback. Support of CBG also opens the discussion to support better and richer PSFCH formats for Rel-17.

[bookmark: _Hlk26195386]Proposal 1: Support CBG based feedback for unicast sidelink operation at least.

Rel-16 sends RSRP and CSI reports using shared channel. This might be ok as a baseline for the first release but it’s very marginal from resource efficiency point of view, in particular when the UE does not have any data to transmit. 

For mode 1 based resource allocation, the user has to request the gNB and receive a grant, and then the transmission will follow with 2 stage SCI and shared channel carrying few bits of RSRP or CSI. Supporting the transmission of CSI/RSRP in PSFCH may allow allocation of resources along with the request and can be jointly scheduled by the gNB in single shot. This provides huge advantage by saving a lot of PHY signaling and latency.
In mode 2 based resource allocation, the user sending the CSI/RSRP need to do the resource selection as part of the normal procedure before being able to transmit CSI/RSRP in shared channel. Here also if the SL Tx can indicate the PSFCH resource which should be used to send back RSRP/CSI, this will save a lot signaling and reduce the latency. 
[bookmark: _Hlk26195395]Proposal 2: Support sending RSRP and CSI in sidelink feedback channel PSFCH.

Rel-16 supports only sequence-based feedback which can support only a single/two-bit feedback (?). This clearly is not sufficient when there are either CBG based transmissions or if PSFCH needs to carry RSRP/CSI feedback. Such enhancements can be very interesting for resource efficient system operation, though they will require standardizing the new PSFCH formats which may carry sufficient payload deemed suitable for these applications.

[bookmark: _Hlk26195418]Proposal 3: Support new PSFCH formats which are capable of carrying about 10 bits.

2.2 CSI Enhancements
For V2X in-coverage transmissions scheduled by the gNB, so called Mode 1 resource allocation, when the Tx UE is in communication with an Rx UE, the resource scheduling is done by the gNB. If no periodic resources have been allocated, the Tx UE will send a scheduling request to the gNB for each transport block (TB). 

The conventional CSI acquisition scheme requires two scheduling-requests and grant receptions from the gNB. One at the Tx UE to transmit CSI-RS and the second at the Rx UE to transmit CSI report. This procedure is not only resource inefficient due to heavy control overhead, but it can be a serious issue for latency sensitive applications where a quick link adaptation may be desired at the Tx UE. It could be interesting to have the two resources (one for CSI-RS transmission and one for CSI report transmission) scheduled in a single step. Thus, the Tx UE receives the indication of two scheduled resources from the gNB as part of the its scheduling request for CSI-RS transmission. Then the Tx UE indicates these two resources to the Rx UE as part of CSI-RS transmission. Upon receiving this indication, the Rx UE can estimate CSI and transmits the CSI report on the pre-scheduled resources. 

[bookmark: _Hlk26195433]Proposal 4: Support joint scheduling of CSI-RS resource and CSI reporting resource in a single scheduling operation.

For groupcast communication, there could be groups with different nature, different QoS requirements, and different sizes. Furthermore, the QoS requirements within a single groupcast may vary within the group members. These cases may benefit a lot if SL Tx can request CSI from (some of) the group members. CSI acquisition may be limited to a certain distance for groupcast communication which is limited to distance-based feedback requirements.
[bookmark: _Hlk26195451]Proposal 5: Support CSI acquisition in groupcast communication.

2.3 SL Operation over NR Flexible Symbols
Flexible symbols can be configured in NR which help meet the unpredictable nature of the traffic and allow very dynamic usage of spectrum in UL or DL as it is needed. It could allow handling such dynamic requirements from sidelink traffic as well. It could be up to discussion which type of flexible symbols would be used by the sidelink. One restriction can be imposed by only allowing flexible symbols for sidelink operation which are declared uplink in higher layer signaling. Thus, the flexible symbols which are switched to UL in the dynamic physical layer signaling are still not used. Even this may bring significant improvement for sidelink operation.
[bookmark: _Hlk26195469]Proposal 6: Support SL operation over NR flexible symbols. 

2.4 SL Groupcast Operations
Groupcast communications are a key feature of V2X and Sidelink operations, enabling a new form of communication between UEs. Improving groupcast transmissions is important for the adoption in practical scenarios, in particular for higher efficiency, latency and reliability aspects. To support these improvements, we are in favor of including the following aspects: 
· NACK-only DTX Detection 
NACK-only feedback causes the issue of possible DTX, which, in a groupcast where several UEs are experiencing various channel variations, can be expected to happen regularly. Reducing DTX can be done either by maximizing the robustness of the control channels and SCIs, which requires a lot of resource and align itself to the worst-cast user; or by adding ways to detect DTX situations, for instance by overhearing other’s feedback or expected feedback resources, or enabling UEs cooperation.
· CSI acquisition and position sharing
Release 16 did not consider the CSI acquisition of groupcast transmissions for simplicity; however, CSI acquisition is a crucial part of reliable and extended coverage transmissions. 
Better CSI availability results in improved link adaptation and provides higher data rates. For CSI part, the focus should be on the enhancement to CSI availability at sidelink Tx UE. Sending the CSI back to gNB could be interesting but may not be very efficient overall in sidelink dynamic scenarios. Groupcast can benefit from CSI acquisition scheme to perform, for example, directional communications to a group of users (e.g. in the platoon or advanced driving use cases). 
CSI knowledge can also be completed with position knowledge, as the position or relative position of UEs has an impact on the transmission design for groupcasts (e.g. for beams, power control, communication range for HARQ feedbacks). CSI and/or position sharing in groupcast requires more attention than unicast or Uu links by their nature and efficient designs are needed to avoid large overheads.  

[bookmark: _Hlk26195483]Proposal 7: Support improved sidelink groupcast HARQ operations, improvements in DTX detection and CSI/position sharing.

2.5 Resource Allocation Enhancements
In our opinion, sensing and resource allocation procedures as standardized in Rel-16 may be very power inefficient which can be quite a trouble for pedestrian or other battery powered users. Similarly, the decision to put the destination ID in the 2nd SCI stage results in UE decoding two stages continuously is a big computational burden and will result in increased power consumption.
We believe that proper handling of such shortcoming should be a high priority in Rel-17. Several aspects like partial sensing or other power efficiency features of LTE can be used as baseline with proper adaptation to groupcast, unicast and aperiodic traffic considerations.
Another technique for energy saving is the support of Sidelink DRX that is a well-known technique as well.
· Resource allocation enhancements with a UE scheduling another user 
In our view, a variant of Mode 2 where a UE is able to schedule another user (i.e. not just forwarding a network assigned scheduling) can be quite important for a richer sidelink operation. In fact, this was part of SL SI in Rel-16 but then removed from the WI. This mechanism allows the users to work as a group when out of coverage or have a better control of local resource. Thus, we are in favor of reintroducing a Mode 2d as it was described initially during the Study Item of Rel.16.
· Resource Allocation enhancements with Inter-UE cooperation
UEs have the better sense of the availability of resources around them. It is therefore good to consider having cooperation between UEs for scheduling and sensing, especially in Mode 2. This can benefit resource selection and thus improve reliability and efficiency of communications. Partial sensing, reports of sensing/preferred resources can be considered between users to achieve higher sidelink throughputs and better resource utilization.
[bookmark: _Hlk26195495]Proposal 8: Support enhancements in resource allocation for better energy efficiency and allowing inter-UE co-ordination/cooperation.
· Simultaneous mode 1/2 configuration
Since it is supported to have both Mode 1 and Mode 2 operation within a given resource pool, the coexistence can be improved by having proper configuration and reporting from the users. In some cases, the network may not be able to fulfill the sidelink traffic requirements for in-coverage UEs completely, or in a different setting, some of the sidelink applications may not have available latency budget to send a SL scheduling request to the gNB and wait for the SL grant to initiate the transmissions. Such applications and use cases require standardization of simultaneous mode 1 and mode 2 operation. It also needs to be investigated how the co-existence is allowed and what is the level of co-operation between the two services, if any.
[bookmark: _Hlk26195507]Proposal 9: Support simultaneous mode 1 and mode 2 sidelink operation for a SL UE.

2.6 Enhanced Sidelink RLM / RLF support
[bookmark: _Hlk16684033][bookmark: _Hlk16684087]In our opinion, viable solutions for Radio Link Monitoring are required for Mode 1 and Mode 2. The agreements done in Rel.16 on the topic aren’t sufficient to ensure even a simple In Sync / Out Of Sync detection at system level as per RAN2 requirements. Refined mechanisms are needed to cover the various V2X configuration and avoid radio resource wasting and system efficiency loss due to unreleased radio resources. Proposal 10: Support enhanced sidelink RLM / RLF mechanisms covering at least the different sidelink configurations defined in Rel.16.
3 Conclusions
The following proposals have been presented in this document.
Proposal 1: Support CBG based feedback for unicast sidelink operation at least.
Proposal 2: Support sending RSRP and CSI in sidelink feedback channel PSFCH.
Proposal 3: Support new PSFCH formats which are capable of carrying about 10 bits.
Proposal 4: Support joint scheduling of CSI-RS resource and CSI reporting resource in a single scheduling operation.
Proposal 5: Support CSI acquisition in groupcast communication.
Proposal 6: Support SL operation over NR flexible symbols. 
Proposal 7: Support improved sidelink groupcast HARQ operation with improvements in DTX detection and CSI/position sharing.
Proposal 8: Support enhancements in resource allocation for better energy efficiency and allowing inter-UE co-ordination/cooperation.
Proposal 9: Support simultaneous mode 1 and mode 2 sidelink operation for a SL UE.
Proposal 10: Support enhanced sidelink RLM / RLF mechanisms covering at least the different sidelink configurations defined in Rel.16.

