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1. Introduction
It has been discussed in the RAN1 #94bis meeting on some of the physical layer procedures for NR sidelink [1].
	Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios

Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario

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



In this contribution, we provide our view on the detailed procedure for the design of NR sidelink physical layer procedure.

2. HARQ procedure 
Some remaining aspects for HARQ procedure are discussed in this section.
2.1. HARQ operation 
Broadcast 
It has been agreed to support HARQ feedback and HARQ combining for unicast and groupcast, at least for some scenarios. Nonetheless, similar to LTE, NR sidelink broadcast transmission should support employing multiple replications for ensuring the robustness of the transmission without HARQ feedback. A unified PSCCH design can be used to enable HARQ combining for all the sidelink transmission types.
[bookmark: _Ref528746896]Proposal 1: HARQ combining and repetition should be supported for NR sidelink broadcast. A unified PSCCH design should be supported to enable HARQ combining for all the sidelink transmission types.

Unicast and groupcast
Similar to the NR Uu interface, multiple parallel HARQ processes should be supported for both unicast and groupcast transmissions. The feature is important to meet the latency and throughput requirement, and to exploit the resource and capability of UE. In this case, a UE receives a HARQ feedback needs to know which process it acknowledges, i.e., whether synchronous or asynchronous HARQ operation is used. Synchronous operation may be simpler if persistent feedback occasions can be defined for UE. However, it seems this is not the case in sidelink, especially for mode-2 operation. Therefore, asynchronous HARQ operation may be more suitable. 
If asynchronous HARQ operation is supported, the HARQ feedback timing (i.e., similar to K1 in NR downlink) and the feedback resource can be indicated in SCI. In the mode-2 operation, the SCI indicates the resource to the receiver for SFCI transmission in sidelink, which is reserved by the transmitter together with the PSSCH. In the mode-1 operation, the SCI indicates the resource allocated by network for either uplink, sidelink or both. 
In order to reduce the feedback overhead and the number of Rx-Tx switching (due to frequent SFCI transmission), it is beneficial to multiplex the HARQ-ACKs of multiple HARQ processes to a single SFCI transmission. The dynamic HARQ codebook in Uu can be reused in sidelink.
[bookmark: _Ref528746899]Proposal 2: Asynchronous HARQ operation with parallel HARQ processes is supported at least for NR sidelink unicast. The scheduling SCI indicates the timing or resource for HARQ feedback.
2.2. Feedback channel for SFCI in sidelink
SFCI is defined to convey L1 feedback information. One of the important aspects is how to carry the SFCI in the sidelink interface. Currently there are three options to carry the SFCI.
The first option is to introduce a new feedback control channel (namely PSFCH) to collect the feedbacks from each sidelink peer, somehow similar to the PUCCH in uplink. A separate PUCCH-like PSFCH is beneficial especially for multiplexing HARQ feedbacks from UEs for groupcast. If dedicated PSFCH is provided, the PSFCH transmission is independent from the PSCCH/PSSCH, i.e., no need to wait until a valid PSCCH/PSSCH for piggyback. Nevertheless, the following issues are identified:
1. If dedicated resources are predefined, e.g. in the frame structure, the overhead would become a severe issue, especially considering the symbol for AGC, GP, and DMRS. Assuming that two symbols for PSCCH, one symbol for AGC, one symbol for GP, two symbols for DMRS, and one symbol for PSFCH, there are only seven symbols remaining for PSSCH. It is worth noting that such configuration is not for the worst case, where more DMRS symbols are needed for high velocity, and more symbols may be needed for PSFCH. 
2. If the resources for PSFCH are dynamically allocated, collision between the PSFCH and other signals and channels from another UE may be a problem, at least for mode-2 operation. On the other hand, if receiving the PSSCH and transmitting the PSFCH are in the same slot reserved by PSCCH, i.e. using the self-contained slot, the processing time required may be challenging to UE. Additional GP between PSSCH and PSFCH may be needed for Rx-Tx switching and propagation delay, which further increases the overhead.
3. If the PSFCH were used for SFCI from a single UE or for SFCI with only a few bits, the overhead for SFCI would be very high. 
4. On the other hand, if SFCI from multiple UEs are multiplexed in a PSFCH, there are several issues to be addressed. Firstly, unlike the uplink where synchronization between all the UEs multiplexing the PUCCH can be maintained by gNB, it is unlikely that such synchronization can be achieved at the receiving UE in sidelink, especially considering that different synchronization sources may be configured for different transmitters. Moreover, it is challenging to ensure power balance from all the multiplexing UEs at the receiver side. Finally, careful coordination is required among UEs to tackle the half-duplex restriction.
[bookmark: _Ref528746881]Observation 1: It is challenging to introducing a PUCCH-like PSFCH. The issues of resource allocation, collision in mode-2 operation, high control channel overhead, half-duplex restriction, un-synchronization and power imbalance among multiplexing UEs, need to be addressed.
Another option is to piggyback the feedbacks in the PSSCH. Compared with the previous option, it does not require coordination between transmitters. The half-duplex restriction is also not a problem. The signaling overhead is significantly lower than the previous option. The rule for multiplexing the UCI to the PUSCH can be reused to piggyback the sidelink feedbacks, although some modifications are needed considering the impact of AGC and GP. The drawback of this option is that a PSSCH transmission occasion is always needed for SFCI piggyback. Although this is not a problem for CSI feedback, it may be a problem for HARQ-ACK. The HARQ process may be pending the next transmission occasion, which may not meet the latency requirement. Moreover, it may be problematic to carry HARQ feedback for groupcast.
[bookmark: _Ref528746883]Observation 2: Multiplexing SFCI in PSSCH may cause delay of HARQ-ACK feedback if no available PSSCH transmission occasion. 
The third option is to transmit the SFCI in PSCCH. A separate SCI format can be defined for SFCI, or alternatively, the SFCI is piggybacked in the SCI format scheduling the PSSCH. If only a few bits of SFCI were to be transmitted, such as HARQ-ACK for a TB, it is very efficient to piggyback the SFCI in a SCI format. A separate SCI format is used to transmit a SFCI with a large account of bits. Moreover, it is also beneficial to feedback SFCI separately without a PSSCH occasion. Therefore, it is complementary to the PSSCH option. However, both second and third option are not optimal to support HARQ feedback for groupcast with a large number of group members. 
[bookmark: _Ref528746884]Observation 3: It is not optimal to convey HARQ-ACK feedback of groupcast with a large number of group members in PSCCH and/or PSSCH.
It seems the second and third options are effective enough to convey SFCI, with less complexity and specification efforts compared with the first one. The only concerns are the delay of HARQ-ACK feedback if no available PSCCH/PSSCH, and the inefficiency of conveying HARQ-ACK feedback of groupcast. In our view, HARQ feedback triggered retransmission is anyway not suitable for the service with the most stringent latency requirement; instead, multi-slot repetition should be used. Thus, the HARQ-ACK feedback delay is not a critical issue. Defining a PUCCH-like PSFCH seems to be an optimization for groupcast with a large number of members, however, introducing more issues to be resolved, such as the power imbalance among UEs, etc. Moreover, according to the SA use cases [2], the number of member in a group seems to be minor. For example, for the typical use case of groupcast, the platooning use case only requires up to five UEs for a group of UEs. Therefore, we propose to support SFCI in PSCCH/PSSCH, and further investigate the optimization for groupcast if needed.
[bookmark: _Ref528746901]Proposal 3: SFCI is conveyed in the PSSCH and/or PSCCH in sidelink. FFS if optimization for groupcast is needed.


3. Physical layer ID
It has been agreed that PSCCH may convey the L1 destination ID. This destination ID is necessary to identify the receiver for unicast and groupcast. During blind searching, the receiver can quickly filter out the unwanted PSSCH without decoding, which is desirable to eliminate unnecessary processing load. 
On the other hand, for broadcast transmission, the L1 destination ID may not be directly needed, as obviously all the UEs should receive a “broadcast” message. However, it is still beneficial to include the L1 destination ID in the PSCCH for the following reasons:
1. A unified PSCCH design can be achieved for unicast, groupcast and broadcast transmissions, which can simplify both the specification and implementation. A single SCI format is favorable to reduce the blind decoding burden for PSCCH.
2. In the case of unicast, groupcast and broadcast are multiplexed in the same resource pool, the L1 destination ID can be used to district the transmission type before the PSSCH decoding, which is desirable to prioritize the reception of PSSCH based on the transmission type in some scenario, such as overload control, etc.
3. It is possible to define separate specific destination IDs for different broadcast messages or logical channels (if defined), similar to the broadcast RNTIs defined in downlink (i.e., SI-RNTI, RA-RNTI, P-RNTI, etc.). 
[bookmark: _Ref528746885]Observation 4: The destination ID in PSCCH is useful also for broadcast transmission to achieve a unified PSCCH design, and to differentiate between different transmission types, broadcast messages or logical channels (if defined).
It has been agreed that additional Layer-1 ID(s) is conveyed via PSCCH for HARQ combining. In our view, it would be too restrictive if a UE were to support only a single unicast connection at one time. Moreover, multiple parallel HARQ processes should be supported in one unicast connection for higher throughput. The additional L1 ID is needed to differentiate the PSSCH from different HARQ processes of different transmitters.
If multiple unicast transmissions multiplex in the same PSCCH, it is more straightforward to define an L1 source ID and a HARQ process ID respectively. Otherwise, the ID within a same space needs to be coordinated among multiple transmission from different UEs, which may significantly increase the complexity of unicast link management. For example, assuming that up to eight L1 IDs can be used at the receiver for HARQ combining, if a UE has established three unicast connections, it needs to assign the IDs to each transmitter among connections, probably in a semi-static manner. If the traffic load varies for at least one connection, it may need to reassign the IDs among transmitters. Obviously, it increases the signaling overhead and management burden. Moreover, such a semi-static assignment may not meet the need of dynamic traffic condition. 
On the other hand, if dedicated PSCCH is allocated for each unicast transmission, the L1 source ID may not be necessary. However, it is questionable whether this scheme can work in autonomous resource selection mode, as the sensing should be done over all the PSCCH. Even if it is possible, the resource efficiency may become an issue.
[bookmark: _Ref528746886]Observation 5: Applying a single L1 ID for HARQ combining may increase the signaling overhead and complexity of unicast link management or inefficient resource usage.
In addition to HARQ combining, the L1 source ID is useful if the UE would like to filter out or prioritize the PSSCH based on the transmitter in the physical layer, for example, due to link administration or overload control. 
[bookmark: _Ref528746903]Proposal 4: Both the L1 source ID and the HARQ process ID are conveyed in PSCCH at least in unicast, for HARQ combining, link administration or overload control, etc. 
Although it may be too early to decide the number of bits for each ID, it may be a concern to convey all these IDs in SCI considering the payload size. In order to reduce the payload, a compact physical layer ID can be considered. Some of all of the IDs can be implicitly carried by CRC scrambling. 

4. CSI acquisition
4.1. CSI information
The short-term channel state and interference information providing the link properties related to a receiver is important to enable link adaptation at the transmitter. At least for the acquisition of channel state information between the transmitter and the receiver, channel reciprocity can be used for the transmitter. Precoding information may also be acquired by channel reciprocity. On the other hand, for the interference information at the receiver, feedback of short-term interference is needed for the transmitter to derive the transmission MCS. The long-term interference may also be useful for, e.g., resource allocation/reservation, channel selection, etc.
According to the SI objectives, both FR1 and FR2 should be supported for NR sidelink. In FR2, due to the narrow beamwidth property of millimeter wave, the broadcast transmission would inevitably require beam sweeping to cover multiple UEs scattered in all directions. On the other hand, beam pairing between UEs is desirable for unicast and groupcast transmissions in FR2, as it may better exploit the spatial reuse gain and mitigate the hidden-node and exposed-node problems. Therefore, CSI feedback for beam management is important for NR sidelink.
Furthermore, measurement for pathloss is also needed at least for power control, which is discussed in the next section. 
[bookmark: _Ref525726591]Proposal 5: Information for channel state, interference, precoding, beam and pathloss management are needed at the transmitter. At least the channel state and precoding information can be acquired by channel reciprocity for the transmitting UE in sidelink. 
4.2. RS and measurement
Although channel reciprocity can be used for CSI derivation at the receiver, if in mode-1 operation that the gNB schedules the unicast transmission for UEs [3], the CSI should be reported to the gNB where channel reciprocity is obviously not possible. At least in the case, in order to support the measurement, additional reference signals without precoding instead of DMRS should be designed properly. Moreover, this RS is also desirable for beam management. Either CSI-RS or SRS in Uu may be reused for CSI derivation and beam measurement. From an implementation point of view, if the structure of PUSCH were reused for PSSCH, similarly to that in LTE, SRS may be selected in sidelink so that the same transmitter in uplink can be reused in sidelink.
For L1 and L3 RSRP measurement in downlink, the synchronization signals can be used because for the same cell the gNB is the only sender of SS. However, this scheme may not work in the sidelink, because the same S-PSS and S-SSS are transmitted from multiple UEs with the same synchronization source. Consequently, the receiver UE has difficulty in measuring the RSRP for the individual transmitter. Some means to distinguish the UE are inevitably needed, such as additional dedicated RS for measurement. Such RS is also desirable for measuring the receiving power of an individual transmitter during power control.
[bookmark: _Ref528746907]Proposal 6: Additional measurement RS may be needed for CSI derivation, beam management and power measurement.
4.3. Feedback for groupcast
It is questionable whether CSI feedback is necessary for groupcast. Enabling CSI feedback among every member within the group would significantly increase the overhead, nonetheless, without introducing promising gain. Moreover, given that the discovery of the group and group maintenance may be handled at the application layer, the physical layer may not know the existence of any other group members. Implementation-based solutions can be used if link adaption is indeed necessary for groupcast through channel reciprocity.
[bookmark: _Ref528746888]Observation 6: Implementation-based solutions can be used if link adaption is indeed necessary for groupcast, e.g., through channel reciprocity, or CSI feedback from unicast connection.

5. Power control
In LTE sidelink design, only open loop power control is supported for sidelink, and the transmitting power (consequently the communication range) is determined by the distance between the UE and the eNB. Longer the distance, larger the communication range, as long as the maximum transmission power is not exceeded. This mechanism may not meet the SA1 requirement for NR sidelink. The advanced V2X services have different QoS requirements, e.g., different communication ranges, for different use cases. As required by SA1 in [2], the transmitting UE should be able to control the communication range of the V2X message sent in sidelink, based on the characteristic of the messages. 
Therefore, the per-destination power control scheme should be considered. More specifically, the power control scheme should allow the transmitting power of the message differs from one to another depending on the type of transmissions (unicast, groupcast or broadcast) and the sidelink destination, instead of the distance to the gNB. For example, in the Vehicle Platooning use case, the communication range of the messages within the platoon should be different from that outside the platoon; the message sent to one specific group (e.g., vehicle within the same platoon) may be transmitted with lower power than that to another group (e.g. the RSU, or the vehicle outside the platoon). 
This scheme is also favorable from a privacy and security perspective. Unlike the basic safety service, some advanced V2X services are intended only for a specific set or group of UEs. Per-group or per-link power control is helpful to ensure only a restricted set of UE can receive the packet. 
On the other hand, the maximum transmission power is preferred in the power-limited channel, to achieve better coverage performance as in LTE. However, in the scenario defined by SA1 in [2], the number of UEs and services are significantly increased. In an interference-limited channel, it is beneficial via power control to reduce the interference among UEs, and achieving higher spatial reuse gain. Furthermore, the transmitting power to some specific target (e.g., the platoon leader) may be higher to increase the robustness.
In order to support this open-loop power control scheme, the UE should be aware of the Tx power of the target UE for pathloss measurement. For Rx power measurement, as discussed in the previous section, the synchronization RS may not be appropriate if it is not UE-specific. Instead, the UE-specific DMRS or the RS defined for CSI measurement should be used. Some further detailed discussion can be found in [4].
[bookmark: _Ref521417959]Proposal 7: Open-loop power control scheme is supported in NR sidelink to compensate the pathloss to the sidelink transmission destination, and to reduce the interference among UEs.
In order to fine tune the transmission power, a close-loop power control scheme can be considered at least for unicast transmission. Therefore, TPC command is needed for close-loop power control, which can be considered as one kind of L1 feedback.
[bookmark: _Ref525673441]Proposal 8: TPC command is supported for close-loop power control and transmitted as L1 feedback.

6. Link management
In order to establish and maintain the link between the peer UEs in sidelink for unicast transmission, it should be a mechanism to send the request to the peer UE and the capability of the UE for the unicast communication. This mechanism is preferable to be a RAN layer procedure to enable parameter negotiation for radio link. A control-plane protocol stack, as well as a physical channel, may be needed. Some further detailed discussion can be found in [4]. 
[bookmark: _Ref521417960]Proposal 9: A control-plane protocol stack, as well as a physical channel, may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.
Moreover, the UE capability should be taken into account for link management. Given the limited processing capability and hardware resource (e.g., soft buffer), it is obviously not possible to set up a large number of unicast or groupcast connections, while still maintains the QoS requirements. During link establishment, the UE may negotiate the available resources to be assigned for the link, and degrade or simply reject the link establishment in the case of out of resource. 
[bookmark: _Ref525723706]Proposal 10: Link management should take into account the limitation of UE processing capability and hardware resource.

7. Conclusion
In the contribution, we provide our consideration on the detailed procedure for the design of NR sidelink physical layer procedure and have the following observations and proposals.
Observation 1: It is challenging to introducing a PUCCH-like PSFCH. The issues of resource allocation, collision in mode-2 operation, high control channel overhead, half-duplex restriction, un-synchronization and power imbalance among multiplexing UEs, need to be addressed.
Observation 2: Multiplexing SFCI in PSSCH may cause delay of HARQ-ACK feedback if no available PSSCH transmission occasion.
Observation 3: It is not optimal to convey HARQ-ACK feedback of groupcast with a large number of group members in PSCCH and/or PSSCH.
Observation 4: The destination ID in PSCCH is useful also for broadcast transmission to achieve a unified PSCCH design, and to differentiate between different transmission types, broadcast messages or logical channels (if defined).
Observation 5: Applying a single L1 ID for HARQ combining may increase the signaling overhead and complexity of unicast link management or inefficient resource usage.
Observation 6: Implementation-based solutions can be used if link adaption is indeed necessary for groupcast, e.g., through channel reciprocity, or CSI feedback from unicast connection.

Proposal 1: HARQ combining and repetition should be supported for NR sidelink broadcast. A unified PSCCH design should be supported to enable HARQ combining for all the sidelink transmission types.
Proposal 2: Asynchronous HARQ operation with parallel HARQ processes is supported at least for NR sidelink unicast. The scheduling SCI indicates the timing or resource for HARQ feedback.
Proposal 3: SFCI is conveyed in the PSSCH and/or PSCCH in sidelink. FFS if optimization for groupcast is needed.
Proposal 4: Both the L1 source ID and the HARQ process ID are conveyed in PSCCH at least in unicast, for HARQ combining, link administration or overload control, etc.
Proposal 5: Information for channel state, interference, precoding, beam and pathloss management are needed at the transmitter. At least the channel state and precoding information can be acquired by channel reciprocity for the transmitting UE in sidelink.
Proposal 6: Additional measurement RS may be needed for CSI derivation, beam management and power measurement. 
Proposal 7: Open-loop power control scheme is supported in NR sidelink to compensate the pathloss to the sidelink transmission destination, and to reduce the interference among UEs.
Proposal 8: TPC command is supported for close-loop power control and transmitted as L1 feedback.
Proposal 9: A control-plane protocol stack, as well as a physical channel, may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.
Proposal 10: Link management should take into account the limitation of UE processing capability and hardware resource.
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