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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #94 and #94bis meetings [1-2], several aspects of sidelink physical layer procedures were discussed and some preliminary agreements were achieved. In this contribution, based on the achieved agreements, we provide further considerations on NR sidelink physical layer procedures, including HARQ feedback, blind repetition, multi-beam management and power control mechanism. 
Discussion
HARQ feedback
[bookmark: _GoBack]In RAN1 #94bis meeting [2], it was agreed that sidelink HARQ feedback and HARQ combining in the physical layer were supported for both unicast and groupcast. Furthermore, SFCI was defined and included at least one format which includes HARQ feedback content for the corresponding PSSCH. Regarding the contents of HARQ feedback, whether a solution uses ACK, NACK, DTX, or a combination of them is FFS. Also for mode 1 where gNB scheduling the sidelink transmission, whether/how to convey HARQ feedback on uplink can be considered. In this subsection, we first discuss HARQ feedback design on sidelink and then HARQ feedback design on uplink. 
1. 
2. 
2.1. 
2.1.1. HARQ feedback on sidelink
In this subsection, we discuss HARQ feedback mechanism for sidelink unicast and groupcast, including the contents of HARQ feedback on sidelink, the sidelink channel conveying HARQ feedback, the timing of sending HARQ feedback, and how to identify HARQ feedback. 
· HARQ feedback contents
For unicast, there may exist two ways to determine time-frequency (T-F) resource for HARQ feedback. One way is that the transmit UE determines and reserves the T-F resource for HARQ feedback when it transmits data and let the receive UE know, and then, the receive UE can send HARQ feedback accordingly. In this case, sending only ACK or NACK cannot save resource as it has already been reserved by transmit UE, but it can reduce half occasions for transmitting feedback at receive UE and leave more chances for receiving. Another way is that the receive UE determines the T-F resource for HARQ feedback within a time window after it receives data from the transmit UE. In this case, sending only ACK or NACK can save resource, but requires transmit UE blind detecting HARQ feedback.
For groupcast, as there are multiple receive UEs receiving the data from the same transmit UE and sending HARQ feedback accordingly. Compared with that each receive UE determines its own HARQ feedback resource, it’s better for the transmitter to determine the common time-frequency resource for these receive UEs in the group. For groupcast, the transmit UE has to retransmit data when at least one UE fails to decode, thus, sending NACK for each receive UE is necessary. However, if only NACK is allowed to transmit, the transmit UE may not be able to distinguish between all ACK and all DTX cases, and causing a failed decoding of the whole group. Therefore, we suggest to send HARQ feedback of both ACK and NACK for groupcast.   
Proposal 1: Support HARQ feedback with ACK and NACK at least for groupcast.
· HARQ feedback channel 
In order to convey HARQ feedback, PSCCH, PSSCH, or a new physical sidelink channel can be considered. For PSCCH, a new format for HARQ feedback can be defined. It can share resources configured for PSCCH with SCI, without requiring additional sensing mechanism and blind detection. Specifically, when a transmit UE sends PSCCH providing scheduling information for data, the same PSCCH resource can also be reserved for the receive UE to send HARQ feedback later. When considering PSSCH for conveying HARQ feedback, a PSSCH will also be required to provide the essential decoding information of the associated PSSCH, causing a lower resource efficiency and higher collision compared to the PSCCH solution. Therefore, PSSCH is not preferred except the piggyback case that HARQ feedback transmission is overlapped with a PSSCH. 
By introducing a new physical sidelink channel, the sidelink HARQ feedback procedure is very similar to that of Uu-link where each PSSCH shall have their specific HARQ feedback channel. Thus, we can use the design of PUCCH in Release 15 as the starting point for this new physical sidelink channel.
Proposal 2: Support sending HARQ feedback on sidelink in PSCCH or a new physical sidelink channel  
· HARQ feedback timing
Both fixed and flexible HARQ feedback timing can be considered for NR sidelink. As in LTE, a fixed timing requires no L1 signaling to indicate the timing gap between data and corresponding HARQ feedback, i.e., N+2 for NR sidelink. However, considering the different latency requirements of NR v2x services, a flexible timing can satisfy latency requirements better and provide more flexibility for resource reservation for the HARQ feedback channel. 
Proposal 3: Support flexible timing of sidelink HARQ feedback.
· Identification of HARQ combination and feedback
A receive UE may support multiple unicast transmissions and/or groupcast transmissions, and for each unicast or groupcast transmission, at least one HARQ process can be supported. Considering that the UE HARQ buffer is limited, it has to arrange HARQ process IDs for the supported unicast or groupcast transmission. The available HARQ process IDs for one unicast or groupcast can be known to the transmit UE via high layer signaling during connection establishment. Therefore, the transmit UE can send data indicated by Layer-1 destination ID and HARQ process ID, based on which the receive UE can identify whether the data is targeted for itself and obtains the HARQ process ID for further combination. On the other hand, when the transmit UE receives the corresponding HARQ feedback from the receive UE, it has to identify whether the HARQ feedback is associated with one of its previous transmission and decide whether to retransmit it or not based on feedback information. Therefore, when the receive UE sending HARQ feedback, layer-1 destination ID of the receive UE and HARQ process ID can be also conveyed for identification at transmit UE side.   
Proposal 4: Support using Layer-1 destination ID and HARQ process ID for identifying transmissions for HARQ combination and HARQ feedback.
2.1.2. HARQ feedback on uplink 
RAN1 #94b meeting has achieved the following agreements about SCI and SFCI. 
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
From the above agreements, at least one SFCI format includes HARQ-ACK. If sidelink CSI feedback is also supported, SFCI format can also include sidelink CSI feedback. In the context of transmission mode 1, gNB can also participate in the HARQ feedback transmission, at least when both transmit UE and receive UE are gNB controlled. In this case, gNB plays the role of coordinating the communication between UEs, including receiving the HARQ feedback information as well as other feedback information, scheduling possible retransmission or directly transferring the SFCI information to the transmit UE, as well as ensuring that no resource conflicts occur. If one of the UEs ongoing sidelink transmission is not under gNB control, it is better to convey SFCI through sidelink rather than uplink, to avoid feedback information blind decoding in gNB. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As for the channel on which to convey information of SFCI on uplink, both PUCCH and PUSCH can be considered. If SFCI information is conveyed on PUCCH, a new PUCCH format may be defined and the information of SFCI is conveyed by new PUCCH format. If SFCI information is conveyed on PUSCH, the same procedure as UCI piggyback on PUSCH can be considered. 
The uplink resource on which to convey information of SFCI can be indicated in L1 signaling. For example, a resource indicator for HARQ feedback is included in SCI content to indicate a feedback resource for the associated PSSCH. In the context of mode 1, the resource indicator can comes from gNB through DCI reception. In this way, the receiver UE knows the time and frequency location of the HARQ feedback. 
When both SFCI and UCI are to be transmitted in a same slot from a same UE, these two information can be multiplexed together. Some rules of multiplexing between UCI and SFCI needs to be further studied, e.g. specifying order of bit sequence generation. Moreover, when conveying information of SFCI on uplink, it is essential to distinguish between SFCI and UCI at the gNB for successful decoding. How to distinguish between SFCI and UCI need to be further studied. 
Proposal 5: When conveying information of SFCI on uplink, both PUCCH and PUSCH can be considered. Further study how to distinguish between SFCI and UCI.
Blind repetitions
Besides HARQ feedback mechanism discussed in last subsection, blind repetitions can also improve reliability for data transmission. In NR Uu, both explicit HARQ feedback and blind repetitions are supported for DL data transmission, while only blind repetitions are supported for UL grant-based and grant-free transmissions.  
Blind repetitions perform (re-)transmitting the same TB several times without waiting for feedback, it can save overhead for feedback and reduce latency, but may cause low resource efficiency. It can be applied to unicast, groupcast, and broadcast transmission. Blind repetitions are supported in both LTE D2D and V2X. A fixed number of three repetitions for one TB is supported in LTE D2D, where consecutive subframes are used for transmitting these repetitions. SCI 0 provides scheduling information for the first transmission, based on which the scheduling information of the remaining two repetitions can be determined thereafter. In LTE V2X, up to two repetitions are supported and two is used only when the time gap field in SCI 1 is not equal to zero. SCI 1 provides scheduling information for its associated transmission as well as that of the other repetition. In NR Uu link, blind repetitions are also supported in both grant-based and configured grants transmission, where one of repetition numbers among 2, 4, and 8 can be configured by RRC signaling. Considering the high reliability requirement of NR V2X with 99.999%, repetition number of 2 or 3 as in LTE may not be enough and therefore, more repetitions should be supported. Furthermore, if a large repetition number is (pre-) configured for all blind repetitions, it may cause resource waste for links with good channel quality, whereas if a small one is (pre-) configured, it may not ensure the reliability for links with poor channel quality. Considering that channel state information can be potentially acquired in unicast and groupcast, which can help to determine the number of repetitions dynamically. A dynamic mechanism for determining repetition number should be studied, i.e., a set of candidate values can be (pre-) configured and SCI 1 indicates one of them. At last, for different repetition numbers, a unified solution should be studied for identification of repetitions of a TB. 
Proposal 6: Study enhancement on blind repetitions for unicast, groupcast, and broadcast, includes increasing number of repetitions, dynamic repetition numbers, and mechanism for identification of repetitions of a TB.
Multi-beam operation 
Considering the support of FR2 for NR V2X, beam-based transmission is almost doomed to be adopted. Otherwise, we can hardly deal with the coverage issue. Though beam management may not be needed for groupcast and broadcast service, it is critical for unicast service. With appropriate beam management, the spatial properties between two sidelink UEs can be determined. There exist several very useful cases where we can apply beam management. For example, the roadside RSU equipped at a fixed location can execute beam training for the coming and going vehicles. Another applicable case could be a group of cars traveling in the same direction, i.e., platoon etc.
	Scenario-1
	Scenario-2
	Scenario-3

	[image: ]
	[image: ]
	
[image: ]


Figure 1. Scenario for sidelink beam management
As shown in Figure 1, three general scenarios can be summarized depending on the sidelink-UE types, e.g., in-coverage UE or out-of-coverage UE:
· Scenario-1: One sidelink-UE is in-coverage UE, the other is out-of-coverage UE.
· Scenario-2: Both sidelink-UEs are in-coverage UE. 
· Scenario-3: Both sidelink-UEs are out-of-coverage UE.
The beam management procedure in such three scenarios could be different and deserves further investigations. Moreover, for tracking beam qualities it is beneficial to support short term RSRP measurement and report on sidelink. 
Besides, BFR is also indispensable for beam-based transmission.
Proposal 7: Both beam management and BFR should be investigated.
Proposal 8: Support short term RSRP measurement and report on sidelink.
Power control 
In LTE sidelink design, only uplink path loss based open-loop power control is supported. The transmitter estimates the uplink path loss based on downlink measurements and sets the transmit power accordingly. This performs well for broadcast transmission in LTE V2X, as it could reduce the interference to uplink transmission. However, the uplink path loss doesn’t reflect the channel properties including the channel attenuation and the noise and interference level between sidelink transmitter and receiver. For example, the communication range may be limited for unicast and groupcast even the uplink path loss of the transmitter is large, then transmitting with high power is not required.
In the case of a sidelink physical channel, the appropriate power simply depends on the received power needed for proper decoding of the information carried by the sidelink physical channel. At the same time, the transmit power should be limited to a certain level to reduce interference caused to other sidelink transmissions. Therefore, a more appropriate power control scheme should be studied for NR V2X.
Proposal 9: Study new power control mechanism for NR V2X.
Conclusions
Potential enhancements on sidelink physical layer procedures for NR V2X are discussed in this document and the following conclusions are proposed:
Proposal 1: Support HARQ feedback with ACK and NACK at least for groupcast.
Proposal 2: Support sending HARQ feedback on sidelink in PSCCH or a new physical sidelink channel  
Proposal 3: Support flexible timing of sidelink HARQ feedback.
Proposal 4: Support using Layer-1 destination ID and HARQ process ID for identifying transmissions for HARQ combination and HARQ feedback.
Proposal 5: When conveying information of SFCI on uplink, both PUCCH and PUSCH can be considered. Further study how to distinguish between SFCI and UCI.
Proposal 6: Study enhancement on blind repetitions for unicast, groupcast, and broadcast, includes increasing number of repetitions, dynamic repetition numbers, and mechanism for identification of repetitions of a TB.
Proposal 7: Both beam management and BFR should be investigated.
Proposal 8: Support short term RSRP measurement and report on sidelink.
Proposal 9: Study new power control mechanism for NR V2X.
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