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1	Introduction
A new Rel-16 WID was approved [1] to study 5G V2X with NR sidelink in RAN #83 meeting. As part of NR sidelink design, these objectives for sidelink physical layer procedures are indicated in the WID [1]:
	The objective of this work item is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) based on the study outcome captured in TR 38.885.
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]
…




Based on the WID, we discuss 3 SL (sidelink) related procedures in this contribution:
1. HARQ procedures
2. CSI acquisition and MIMO
3. Power control
Our observations and related proposals are provided in the paper. The proposals are summarized in Section 5.

2	Sidelink HARQ
2.1	Sidelink HARQ procedure for groupcast
The V2X groupcast, as suggested in SA1, is defined as that one UE transmits its message to multiple UEs (peers) in one group. The UEs in the group need to be aware the presence of their peers before data transmission. The physical transmission channels among these UEs in the group usually have different conditions. 
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Figure 1    General description of the groupcast HARQ process
 
If re-transmission schemes are supported for groupcast, similar to that of unicast, HARQ schemes with ACK and/or NACK feedback can be applied. As agreed in RAN1 and depicted in Figure 1, there are two options for groupcast HARQ [2]:
o	Option 1: Receiver UE transmits only HARQ NACK
o	Option 2: Receiver UE transmits HARQ ACK/NACK
Based on these discussions, we can summarize key issues or problems that are unique for groupcast HARQ:
1. Problem 1: whether UE specific ACK and/or NACK from groupcast receiving UEs needs to be identified or not, either from service/use case or from network operation perspective? 
2. Problem 2: whether UE specific ACK or NACK resources for each group member in groupcast is sensible in term of feedback resource efficiency and corresponding resource allocation complexity? 
3. Problem 3: whether the DTX performance impact the overall groupcast HARQ reliability?
For Problem 1, individual NACK identification may help on adaptive retransmission if NACK feedback from small number of group members. For groupcast with large group, this may not help much. Besides, the source UE shall use ACK/NACK feedback to make its retransmission decision. The source UE may not need to know all UE specific ACK/NACK information.

Observation 1: More adaptive retransmission may be enabled by the groupcast source UE based on identification of the groupcast destination UEs that send HARQ NACK, especially if NACK feedbacks are received from limited number of groupcast receiving UEs.
The answer to Problem 1 leads to the design of PSFCH in Problem 2. If it is beneficial to identify the groupcast receiving UE that provides the HARQ ACK/NACK, support of UE specific ACK/NACK resources would be a straightforward solution. However, for UE specific ACK/NACK feedback resources, the overall resources of PSFCH needed for the groupcast shall be the multiplexing of the resources of all the group members. This raises the issue of PSFCH resource multiplexing cost, in terms of resource efficiency (overhead) and complexity. We have these observations:
Observation 2: Support UE specific ACK and NACK feedback consumes more radio resources and requires additional control on the feedback resource allocation for each UE, especially in the groupcast with large group.
With this observation, we have this proposal:
Proposal 1: Consider the shared resources for HARQ ACK and the shared resources for NACK in option 2.
The third problem is related to the overall HARQ reliability issue. For NACK-only option (Option 1), the DTX problem that some group UE may not receive PSCCH/PSSCH and thus cannot send NACK, exists because the ACK feedback is not provided by each UE. In addition, even for option 2 of sending both ACK and NACK by groupcast receiving UE, DTX problem may exist if ACK and NACK feedback resources are shared by all the UEs in the same groupcast as groupcast transmitting UE is not able to identify the number of UEs sending HARQ ACK and NACK. This DTX problem is a critical issue that needs to be address, since the HARQ operation is supposed to boost sidelink performance from SL communication reliability perspective. 
Observation 3: DTX performance is an important measure to evaluate groupcast HARQ performance.
Given these observations, we are providing several solutions to address these issues. We are discussing three schemes that could be able to provide a simple and reliable groupcast HARQ for V2X sidelink:
1. 2-stage HARQ feedback
2. “Pattern based” HARQ feedback
3. Probability ACK feedback design
Please note that more detailed discussion of these schemes can be found in our companion contribution R1-1905340 [4].

2.1.1	2-stage HARQ feedback
This solution applies to option 2 that receiver UE transmits HARQ ACK/NACK. This solution assumes the HARQ ACK and NACK resources are shared by the group members in the same groupcast. The problem of DTX (i.e. when receiver UE didn’t receive PSCCH and therefore didn’t transmit HARQ NACK or when transmitter UE didn’t receive HARQ NACK from receiver UEs) needs to be handled as transmitter UE cannot identify DTX by detecting the number of UEs transmitting HARQ ACK or NACK as in the solution of using dedicated feedback resources for each UE in the groupcast. 
To help the transmitter UE to detect the DTX, two stage HARQ feedback channels can be configured to support groupcast HARQ.ACK/NACK feedback: 
· 1st stage HARQ feedback channel is used for groupcast receiver UEs that receive PSCCH and PSSCH to provide HARQ ACK or NACK. Herein the feedback resources for HARQ ACK and another feedback resource for HARQ NACK can be shared by all the UEs of the groupcast.
· 2nd stage HARQ feedback channel is used for groupcast receiver UEs to indicate DTX if the UE didn’t receive PSCCH but detect HARQ ACK or NACK in the 1st stage of HARQ feedback channel
· this step requires the UE that didn’t receive PSCCH to monitor the 1st stage of HARQ feedback channel. If the UE detects HARQ ACK or NACK in the 1st stage of feedback channel, it indicates the UE has missed of receiving the PSCCH and therefore need to transmit the DTX indication in the 2nd stage of HARQ feedback channel.
The two stage of HARQ feedback channels can also help the transmitter UE to detect the DTX due to miss of receiving HARQ NACK feedback from receiver UEs. For instance, if transmitter UE missed 1st stage of HARQ feedback channel of NACK from some UEs, the other UE that detects HARQ NACK in the 1st stage feedback channel will transmit DTX in the 2nd stage feedback channel to trigger the transmitter UE to have HARQ retransmission.
Proposal 2: Consider defining the two stage of HARQ feedback channels to provide more reliable HARQ scheme for groupcast.

2.1.2	“pattern based” HARQ feedback
As depicted in Figure 1, the UEs after attempting to decode the groupcast PSSCH payload provide their feedback to the transmitting UE. In this scheme this feedback is provided by means of patterns, and the general idea of this solution is illustrated in Figure 2.
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[bookmark: _Ref536702343]Figure 2 – Pattern based HARQ feedback mechanism, where only the NACK reporting part of the mechanism is shown. (a) The UEs provide their NACK HARQ feedback by activating two resource elements in the NACK resource vector, by following an individual pattern; (b) the Groupcast Tx checks if each of the devices in the groupcast group has sent a NACK, by checking if the resources defined by each UE individual pattern is active. 
The proposed scheme can be applied to both Option 1 and Option 2. Where for option 1 only the PSFCH NACK is active. While in Option 2 both PSFCH NACK and ACK are active.
In general terms the proposed scheme is as follows:
· Allocate a set of common resources for HARQ feedback, which we denote as the feedback resource pool. The ACK and NACK resources are orthogonal to each other; The number of resources is smaller than in case of dedicated resources for each device.
· Each UE is allocated a unique feedback pattern for both ACK and NACKs (these patterns can be generated via approaches similar to superimposed codes, for example a bloom filter construction);
· The UEs in the groupcast group provide their HARQ feedback, by selecting the appropriate feedback pattern and resource pool; 
· The transmitting UE, identifies which UEs send a ACK or NACK based on their activation pattern of the resources in the common resource pool;
· Whenever the number of active resources (i.e. resources that were used by at least one UE) is above a predefined threshold, the transmitting UE detects that there is a large number of UEs transmitting a given state (e.g. detection of a large number of NACKs).

More detailed analysis can be found in our companion contribution R1-1905340 [4]. With this scheme, we have this proposal:
Proposal 3:	Consider supporting pattern based ACK/NACK feedback design for groupcast PSFCH.

2.1.3	Probability ACK feedback design for groupcast
This probability ACK feedback scheme supports Option 2 for groupcast, where ACK and NACK feedback channels are supported. These two feedback channels are independent (orthogonal) in PSFCH. All group UEs share the ACK channel and the NACK channel accordingly. The key points are:
1. Receiving UE shall feedback ACK/NACK information based on its detection and decoding of PSSCH. The ACK information and NACK information are independent payload in PSFCH. The feedback channel carrying ACK is shared by all UEs in the group; and the feedback channel carrying NACK is shared by all UEs in the group.
1. UE shall feedback ACK with an ACK transmit probability , which can be pre-configurable by network, or can be signalled in SCI.
1. The transmitting UE shall terminate its re-transmission only when it reaches the maximum number of retransmissions, or when it receives a positive ACK and it does not receive any NACK. Otherwise a re-transmission is scheduled.

More detailed discussion and numerical results for groupcast with multiple UEs are shown in our companion contribution R1-1905340 [4]. The results show that the probability ACK feedback reaches good tradeoff between DTX probability and re-transmission probability. We also propose:
Proposal 4:	Consider supporting probability ACK feedback in groupcast HARQ.

2.2		Sidelink HARQ enable/disable for groupcast
From the TR report [2]:
	When SL HARQ feedback is enabled for groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.



For groupcast, the source UE shall have its group channel information through CQI indication, RSRP reports, or other high layer indication. With this information, the source UE can enable/disable its group SL HARQ process in mode-2. TX-RX distance could be available to the transmit UE via higher layer signaling and/or configuration. This information, though it may not need to be specified at physical layer, can be used to enable/disable SL HARQ process.
Proposal 5:	CSI feedback such as CQI, RSRP or high layer indication shall be used to enable/disable SL HARQ for groupcast

3	CSI acquisition for unicast and MIMO operation
3.1	CSI for unicast
Based on WID [1], NR V2X shall support CSI with CQI/RI reporting for unicast. The sidelink CSI for unicast has these objectives [1]:
· 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.
From these objectives, V2X shall support a special PSSCH, which containing CSI only to support CQI/RI reporting.
Observation 4:	CQI and RI reporting is supported for sidelink unicast.
Observation 5:	V2X sidelink supports a special PSSCH containing CSI only for CQI/RI reporting.
It is also agreed during the study item phase that “The CSI procedure does not rely on a ‘standalone’ RS” [2]. There will be no CSI-RS related support for CSI acquisition. The sidelink CSI acquisition for CQI/RI shall depend on other RS, such as PSSCH DMRS for CQI/RI acquisition. Therefore, supporting CQI/RI reporting shall be a design objective for PSSCH DMRS.
Proposal 6: 	PSSCH DMRS design shall support CSI acquisition with up to two antenna ports.

3.2	CSI for groupcast
The WID does not provide specific objectives on CSI acquisition for groupcast. If a sidelink Tx UE does not have some information regarding its transmitting channels for groupcast, the groupcast transmission would be ineffective or at least inefficient. At least CQI feedback should be supported for SL groupcast.
Proposal 7:	Support at least CQI feedback for sidelink groupcast.
The feedback channel is a challenging design issue for groupcast. If the CQI feedback channel used in unicast can be reused for groupcast, group UEs shall use their related special PSSCH (with CSI only information) for CQI feedback. This would have serious issues on feedback overhead and PSSCH resource allocation if all group UEs send their feedback information.
V2X sidelink supports PSFCH to deliver HARQ feedback information. The PSFCH can be used for CQI feedback as well for groupcast. There are still open issues related with PSFCH allocation and PSFCH overhead. Due to the limited payload size, PSFCH should be more favorable than PSSCH to support groupcast feedback.
Proposal 8:	Consider utilizing PSFCH for groupcast CQI feedback.

3.3	MIMO operations
Open-loop MIMO schemes such as diversity-based schemes, such as STBC/SFBC, precoding cycling, delay diversity, could be applied for PSSCH/PSCCH for reliability and coverage improvement. However, it is an open question whether specification transparent open-loop schemes, such as in Rel-15 NR DL/UL transmission, or specification non-transparent schemes shall be included for sidelink design. 
Proposal 9: 	Study open-loop MIMO schemes for sidelink PSSCH/PSCCH.
Closed-loop MIMO schemes, such as codebook based precoding schemes, can provide significant precoding gain for sidelink transmission. These schemes can also mitigate undesirable interference to other UEs that not in their dominant spatial transmission direction. Since closed-loop MIMO needs feedback, it would be very complicated to support groupcast transmission but we can focus on unicast.
Proposal 10: 	Study to support closed-loop MIMO transmission for unicast PSSCH.

4	Power control
RAN1 ad hoc #1901 meeting reached this agreement on sidelink power control:
	Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed



RAN1 #96 meeting reached these agreements on sidelink power control:
	Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 
Agreements:
· TPC commands for SL PC are not supported




The agreements indicate that sidelink open-loop power control is supported at least for unicast. When the source UE is in-coverage, the open-loop power control is supported for unicast, groupcast, and broadcast. It is an open question whether the open loop power control can be applied for groupcast when the source UE is out-of-coverage.
Different from broadcast, transmitting at maximum power will not be required for groupcast because groupcast usually happens locally. Power control is necessary because PC can reduce interference to vehicular UEs outside the group. Similarly, link adaptation is also necessary and beneficial if the transmitter can select the optimal modulation order and coding rate (MCS) based on the channel qualities (CQI) towards the intended receivers. 
Power control and link adaptation could in principle make use of channel reciprocity without explicit feedback; however, they could also benefit from feedback mechanisms. For groupcast, not every receiver needs to feedback CQI.  The transmitter can advise only the receiver (or a few receivers) with worst channel qualities to feedback CQIs, which will save resources for feedback. 
Proposal 11: 	For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  


5	Conclusions
This contribution discusses various issues on sidelink procedures. We have these observations:
Observation 1: More adaptive retransmission may be enabled by the groupcast source UE based on identification of the groupcast destination UEs that send HARQ NACK, especially if NACK feedbacks are received from limited number of groupcast receiving UEs.
Observation 2: Support UE specific ACK and NACK feedback consumes more radio resources and requires additional control on the feedback resource allocation for each UE, especially in the groupcast with large group.
Observation 3: DTX performance is an important measure to evaluate groupcast HARQ performance.
Observation 4:	CQI and RI reporting is supported for sidelink unicast.
Observation 5:	V2X sidelink supports a special PSSCH containing CSI only for CQI/RI reporting.

Our related proposals are summarized here:
Proposal 1:	Consider the shared resources for HARQ ACK and the shared resources for NACK in option 2.
Proposal 2:	Consider defining the two stage of HARQ feedback channels to provide more reliable HARQ scheme for groupcast.
Proposal 3:	Consider supporting pattern based ACK/NACK feedback design for groupcast PSFCH.
Proposal 4:	Consider supporting probability ACK feedback in groupcast HARQ.
Proposal 5:	CSI feedback such as CQI, RSRP or high layer indication shall be used to enable/disable SL HARQ for groupcast
Proposal 6: 	PSSCH DMRS design shall support CSI acquisition with up to two antenna ports.
Proposal 7:	Support at least CQI feedback for sidelink groupcast.
Proposal 8:	Consider utilizing PSFCH for groupcast CQI feedback.
Proposal 9:	Study open-loop MIMO schemes for sidelink PSSCH/PSCCH.
Proposal 10:	Study to support closed-loop MIMO transmission for unicast PSSCH.
Proposal 11:	For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  
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