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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document discusses various items in the agenda item of sidelink physical layer procedures.
The important agreements from the previous 3GPP meeting are noted down in the relevant sub-items before presenting our views and proposals in those topics.
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2 HARQ Groupcast Feedback Indication using 2nd Stage SCI Format
Following agreement shortlisted 2 options on how to indicate HARQ groupcast feedback options in 2nd stage SCI:
Agreements R1#99:
· 2nd stage SCI format for groupcast HARQ feedback option 1 and option 2. To down-select during the week:
· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.

We believe that there should be different formats for 2nd stage SCI, and these formats are indicated in the 1st stage SCI. Thus, the solution mentioned in Option 2 is more elegant compared to Option 1. In addition to handling the case of Groupcast feedback option 1 and option 2, this has additional advantage of forward compatibility and may be useful in many different situations where different bitfields may be required in 2nd stage SCI.
[bookmark: _Hlk32501833]Proposal 1:
Support Option 2 in the above agreement.

It has been agreed that at least an SCI in Mode 2 can indicate up to 3 resources, one current resource and two reservations in future. Each 2nd stage SCI in the first transmission and subsequent transmissions (reserved earlier) will have the same source ID and destination ID. As the source ID and the destination ID are at least known to the destination, in case of HARQ enabled SL transmissions, they can be removed from the transmissions which were reserved in the prior transmissions, thus reducing the SCI overhead without impacting the sensing operation of neighboring SL devices. This significant advantage can be easily obtained by having a 2nd stage SCI format without the source and destination IDs.
Proposal 2:
[bookmark: _Hlk32501842]When the sidelink control information associated to a sidelink transmission carries the indication of resource reservation for a future transmission, the source ID and the destination ID in the 2nd stage SCI of prior reserved transmission are not transmitted. 

3 [bookmark: _Hlk16684087][bookmark: _Hlk16684033]Codeblock Group based HARQ Feedback
Following issue was noted in the feature lead summary in R1#99 (R1-1913572):
· Issue: Whether to support SL HARQ feedback per CBG? 

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.
Proposal 3:
[bookmark: _Hlk21096326][bookmark: _Hlk5009444]For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.

For the case of groupcast communication, when the same data is destined to multiple users, it has been agreed that the HARQ feedback can be configured. Contrary to the unicast communication, where CBG based feedback and re-transmission can be very useful, the advantages of CBG based feedback and re-transmissions are not very clear for groupcast communication. First of all, CBG based feedback would incur heavy a feedback overhead which can be difficult to accommodate in groupcast. It further makes a NACK-only scheme impossible to implement and more complicated schemes need to be designed. Secondly, in terms of re-transmission, it would bring gains only if in case of multiple users having partial TB failures, the same CBGs fails in these users. This is certainly possible but given the independent channel realizations and the extremely dynamic nature of the vehicular environment, such events have very low probability of occurrence. This motivates us to support only TB based HARQ feedback and re-transmissions for groupcast transmission.
Proposal 4:
[bookmark: _Hlk32501862][bookmark: _Hlk23948885][bookmark: _Hlk5009485]For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 
4 [bookmark: _Hlk21096335][bookmark: _Hlk32501941]CSI Acquisition
TR38.885:
Examples of CSI information for V2X are CQI, PMI, RI, RSRP, RSRQ, path-gain/pathloss, SRI, CRI, interference condition, vehicle motion. For unicast communication, CQI, RI and PMI, or a subset among them, are supported with non-subband-based aperiodic CSI reports assuming no more than 4 antenna ports. The CSI procedure does not rely on a 'standalone' RS. CSI reporting can be enabled and disabled by configuration.
Agreements R1#96B:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
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. 
The proposed step-by-step procedure for CSI acquisition is shown in the following. 
(1) Tx UE sends a request to the gNB to trigger CSI acquisition procedure (potentially combined with a scheduling request for data transmission)
(2) The gNB allocates the resources for CSI transmission (potentially within the PSSCH which needs to be transmitted due to data) and CSI Reporting purpose
(3) Tx UE transmits SCI and sends CSI-RS (potentially embedded in PSSCH). In this step, Rx UE gets also the indication for CSI reporting. The Rx UE receives CSI-RS, computes the CSI parameters (CQI/RI etc). 
 (4) Rx UE sends SCI and CQI/RI report to the Tx UE on the pre-allocated CSI reporting resource.

This step-by-step CSI acquisition procedure is shown in Figure 1.
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[bookmark: _Ref16689331]Figure 1: CSI Acquisition in Mode 1

Proposal 5:
[bookmark: _Hlk16684510]For CSI acquisition in Mode 1, the gNB can allocate the resources for CSI-RS transmission and the CSI reporting simultaneously.
[bookmark: _Hlk21096397][bookmark: _Hlk5009495]
When the Tx has been configured with periodic resources from the gNB, and it needs to acquire CSI, it can directly transmit CSI-RS on the configured resources. An indication can be sent to the Rx to inform that the resource carries CSI-RS, in addition to data and other reference symbols. Similarly, if the Rx UE has been allocated configured resources to the Tx UE, from whom it has received CSI-RS, it can transmit a CSI report on its configured periodic resource. The control information may carry an indication that the resource comprises of CSI report only or along with data. 

5 Conclusions
The following proposals have been presented in this document.
Proposal 1: Support Option 2 in the above agreement.
Proposal 2: When the sidelink control information associated to a sidelink transmission carries the indication of resource reservation for a future transmission, the source ID and the destination ID in the 2nd stage SCI of prior reserved transmission are not transmitted. 
Proposal 3: For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.
Proposal 4: For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 
Proposal 5: For CSI acquisition in Mode 1, the gNB can allocate the resources for CSI-RS transmission and the CSI reporting simultaneously.
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