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Introduction
The work item for NR V2X was approved [1] in RAN#83 and the following objectives were identified in relation to resource allocation:
	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]



Furthermore, in RAN1#96b the following agreements have been made [2]:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
In this contribution, we propose an SCI signaling design, possible HARQ operations for unicast communications and a power control mechanism.
SCI Signaling Design
In the NR V2X study item [3], it has been agreed that at least Layer-1 source and destination IDs and the HARQ process ID are conveyed in the SCI. Furthermore, a field in the SCI indicating whether the associated PSSCH is a retransmission or a new transmission, such as the NDI, is required to avoid ambiguity between the UEs. Hence, the SCI has to include at least the following fields for supporting transmissions with HARQ operations:
· L1 Destination ID,
· L1 Source ID,
· HARQ Process ID,
· NDI
Since HARQ feedback operations have been agreed to be used for unicast and groupcast communications, these transmissions would require the abovementioned fields. However for broadcast communications, HARQ will not be applied and hence the HARQ-related fields can be removed, thus reducing the SCI payload size. The remaining bits may be used to achieve a lower code rate, which contributes to a higher reliability of the SCI. In this case, the SCI for scheduling a broadcast PSSCH has to include the L1 Source ID field. Furthermore, the blind decoding effort would be decreased in the case where resource pools are segregated based on cast-types, since only one specific SCI format would be transmitted per resource pool. This is discussed in further detail in our accompanying contribution in [4]. It would hence be advantageous to maintain different SCI formats depending on the communication type.
Proposal 1: We propose to support different SCI formats for different communication types, with at least one for unicast and groupcast, and one for broadcast communications.
If different SCI formats are supported based on the communication type, the relevant SCI format can be specified in the respective resource pool configuration itself. This would alleviate the need for UEs to blind decode and detect all SCI formats, so that UEs only have to decode the relevant SCI format. This reduces UE processing requirements as well as improves power consumption at the UE.
Proposal 2: We propose that the resource pool configuration contains the SCI formats to be monitored by the UE.
Dual Control Channel Design for Operation Modes
In our accompanying contribution in [4], we discuss a dual-control channel design based on the operation modes of the UEs. This design incorporates a control channel for SCIs used for Mode 1 transmissions only, and an additional control channel TDMed with the first one, solely used for Mode 2 transmissions. However, Mode 2 UEs have to be able to decode the first Mode 1 control channel in order to determine potentially empty or available resources. Hence, the CRC of these SCI messages cannot be scrambled by the destination L1 ID. Instead, the destination L1 ID could be conveyed as an extra SCI field, such that the destination UE can detect its transmission and Mode 2 UEs are aware of resources reserved for Mode 1 transmissions. This provides the advantage of minimizing collisions between UEs operating in Mode 1 and Mode 2.
Proposal 3: We propose that the CRC of an SCI is not scrambled by the destination L1 ID to allow Mode 2 UEs to detect Mode 1 transmissions.
CBG HARQ operation for NR V2X
In the NR V2X SI, it has been agreed that if HARQ is enabled, the UE generates at least an ACK or a NACK for a received transmission [3]. At this point, it is a valid question as to whether CBG-based HARQ feedback has to be supported on the SL. This highly depends on whether transmissions spanning several time and/or frequency units are supported.
Partial collisions might occur if the transmission of larger data packets, spanning multiple time-frequency resources, overlaps with short data packets, spanning a single time-frequency resource, being transmitted by a close by UE. In this case, the advantages of using a per CBG HARQ-ACK-based reporting is quite obvious. Due to the differing interference situation of each individual resource unit, the retransmission would benefit from the per-CBG HARQ-ACK. However, for the case of equally sized transmissions, which might collide with each other, CBG HARQ-ACK would not be worth the increased reporting overhead.
Proposal 4: We propose to support CBG-based HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.

HARQ Operation for Unicast
For SL unicast and groupcast operations, HARQ feedback and HARQ combining has been studied and agreed in [3]. The receiving UE generates HARQ feedback for an incoming transmission and conveys it to the transmitting UE via the PSFCH. The time gap between PSSCH and transmitting the associated PSFCH is (pre-) configured for UEs operating in Mode 1 or Mode 2 [3]. Furthermore, the PSFCH periodicity N is part of the resource pool configuration [2].
The crucial question for N > 1 is how to assign the PSFCH resources among the UEs. The simplest approach would be a one-to-one mapping, where a PSFCH resource is implicitly linked to each PSSCH. This would reduce collisions of different PSFCH transmissions from different UEs since the different PSSCHs are transmitted in orthogonal resources. However, from a resource efficiency point of view, this design comes with a high cost since a PSFCH always has to be reserved for each PSSCH. Also the probability of a half-duplex issue occurring is increased due to the many times a UE has to transmit HARQ-ACK feedback on PSFCH. The half-duplex issue and the spectral efficiency cost can be reduced significantly, if UEs multiplex their HARQ-ACK feedback for multiple PSSCHs in a single PSFCH.
Proposal 5: We propose to multiplex HARQ feedback for multiple PSSCHs in a single PSFCH for unicast operation at least for Mode 1. FFS whether to use this also for Mode 2 operation.
A further issue to address is to avoid misalignment between transmitter and receiver UEs regarding the number of HARQ-ACK bits in the PSFCH. This may lead to ambiguity of misinterpreting the HARQ-ACKs between the two communicating UEs. In particular, the case that the receiver UE misses a SCI has to be studied. This could be addressed in the way it is done by semi-static HARQ-ACK codebooks, or by introducing a counter similar to the DAI on the Uu-interface, in order to detect missed transmissions.
Another issue comes from the non-unique assignment of PSSCH and PSFCH for N > 1, since less PSFCH resources would be available in a PSFCH reporting occasion than PSSCH resources in the reporting window. Firstly, collisions between UEs choosing the same PSFCH resource have to be avoided. Secondly, the receiver UE has to know which PSFCH has been used by the transmitter UE to receive the HARQ-ACK correctly. In case of Mode 1, the gNB can coordinate PSFCH scheduling. Additionally, explicit indication of the PSFCH resource in the SCI, similar to the PUCCH resource indicator, would help the receiver UE to decode the correct PSFCH resource.
In Mode 2, the lack of gNB assistance has to be considered to avoid collisions of PSFCH transmissions. Here, a N=1 configuration could be chosen to avoid these ambiguities, which would essentially lead to a resource pool segregation for Mode 1 and Mode 2.
Proposal 6: We propose to support explicit indication of PSFCH resource in the SCI at least for Mode 1.

Power Control
In NR V2X SI, OLPC has been agreed at least for unicast transmissions based on SL RSRP feedback from the receiving UE to adapt to the channel situation between transmitter and receiver UE [3]. In particular the SINR situation at the receiver side of sidelink communication links can dynamically change due to varying interference sources nearby, therefore the transmit power should be adapted dynamically at all transmitters involved in a unicast sidelink communication. 
Proposal 7: We propose that the mechanism of power control based on SL RSRP reporting should also consider dynamically varying interference from sources nearby.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we propose the following:
Proposal 1: We propose to support different SCI formats for different communication types, with at least one for unicast and groupcast, and one for broadcast communications.
Proposal 2: We propose that the resource pool configuration contains the SCI formats to be monitored by the UE.
Proposal 3: We propose that the CRC of an SCI is not scrambled by the destination L1 ID to allow Mode 2 UEs to detect Mode 1 transmissions.
Proposal 4: We propose to support CBG-based HARQ-ACK at least for the case of transmissions spanning multiple time and/or frequency resources.
Proposal 5: We propose to multiplex HARQ feedback for multiple PSSCHs in a single PSFCH for unicast operation at least for Mode 1. FFS whether to use this also for Mode 2 operation.
Proposal 6: We propose to support explicit indication of PSFCH resource in the SCI at least for Mode 1.
[bookmark: _GoBack]Proposal 7: We propose that the mechanism of power control based on SL RSRP reporting should also consider dynamically varying interference from sources nearby.
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