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1. Introduction
It has been discussed in the RAN1 #95 meeting on some of the physical layer procedures for NR sidelink [1].
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use



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

2. Physical layer ID 
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. The question is whether a single HARQ process ID is sufficient, or additionally an L1 source ID is needed.
If the same PSCCH resource is shared for multiple unicast transmissions, it is more straightforward to define an L1 source ID and a HARQ process ID in the SCI respectively. Otherwise, the ID within the same space needs to be coordinated among multiple transmissions 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 resource 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.
Observation 1: 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 management or overload control. 
Therefore, both L1 source ID and HARQ process ID should be conveyed in PSCCH. Besides, New Data Indicator (NDI) is needed to distinguish initial transmission and retransmission, while Redundancy Version (RV) is needed to distinguish different retransmissions.
[bookmark: _Ref534834653]Proposal 1: The L1 source ID, the L1 destination ID, HARQ process ID, NDI and RV are conveyed in SCI. 

3. HARQ procedure 
Some remaining aspects for HARQ procedure are discussed in this section.
3.1. HARQ feedback 
Similar to the NR Uu interface, multiple parallel HARQ processes should be supported for both unicast and groupcast transmissions. This feature is important to meet the latency and throughput requirement in [2], 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 has a fixed timing offset between the PSSCH and the PSFCH. Thus, additional SCI indicator is not needed to determine the HARQ feedback timing (i.e., similar to K1 in NR downlink), which reduces the SCI overhead. Nonetheless, a fixed offset may be problematic in resource allocation. For example, after resource sensing, even a candidate resource is available for PSSCH transmission, it may still need to be excluded because the PSFCH with a fixed timing offset from the PSSCH is not available. Consequently, the blocking rate may be increased, or sub-optimal resource is selected for transmission.
On the other hand, asynchronous HARQ operation does not have such constraint. It allows the UE, either the transmitter or the receiver, to select best resource independently for PSSCH and PSFCH. Moreover, asynchronous HARQ operation can support different latency requirements for different type of services, or different categories of UE. For example, HARQ feedback for fully automated driving may require an extreme low latency, while feedback timing for pedestrian UE should relaxed compared with vehicle UE. Furthermore, the PSFCH overhead can be reduced by multiplexing the HARQ-ACKs of multiple HARQ processes to a single SFCI transmission. Noted that by this way, the number and frequency of Rx-Tx switching can be reduced because a single SFCI is sent for multiple HARQ processes, which is beneficial to mitigate the half-duplex issue. 
Similar to the timing, the frequency resource can be indicated by SCI in order to select a suitable resource. Noted that if HARQ-ACK multiplexing of multiple HARQ processes is supported, a fixed frequency resource for PSFCH may be problematic given that the SFCI payload size is variable.
As a result, asynchronous HARQ operation with flexible time/frequency resource is favorable.
[bookmark: _Ref528746899]Proposal 2: Asynchronous HARQ feedback with parallel HARQ processes is supported for NR sidelink. The scheduling SCI indicates the timing and frequency resource for HARQ feedback.
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. More details are discussed in our companion contribution [3].
HARQ feedback triggered retransmission may not be suitable for the service with the most stringent latency requirement; instead, multi-slot repetition can be used in this case. Furthermore, if different type of services and transmissions coexist in the same resource pool, it may be beneficial to disable HARQ feedback to reduce the collision between PSFCH and other resources. Therefore, it should be possible to disable HARQ feedback depending on the use cases.
[bookmark: _Ref534834661]Proposal 3: HARQ feedback is enabled or disabled by (pre-)configuration depending on the use cases.

3.2. Feedback channel for SFCI in sidelink
It has been agreed in the previous meeting to define a separate PSFCH to convey SFCI for unicast and groupcast in sidelink. A separate PUCCH-like PSFCH is beneficial for multiplexing HARQ feedbacks from UEs for groupcast. The PSFCH transmission is independent from the PSCCH/PSSCH, i.e., no need to wait until a valid PSCCH/PSSCH for piggyback.
Beside the PSFCH, it is desirable to convey the SFCI in other channel, such as PSSCH, which is beneficial in many scenarios. For example, a UE may send a HARQ-ACK feedback in PSFCH to one destination UE, while piggyback the CSI feedback in PSSCH to another UE in the same slot. This is especially useful in the groupcast scenario, where the PSFCH is shared among multiple members for HARQ-ACK only, while the CSI feedback can still be carried out in individual PSSCH transmission. The SCI scheduling a PSSCH can indicate whether and what SFCI feedback is piggybacked in the PSSCH. 
Moreover, multiplexing different sorts of CSI feedbacks, as well as HARQ-ACK from variable HARQ processes may complicate the design of PSFCH. Noted that five PUCCH formats are defined in the NR uplink. In order to reduce the standardization effort, it is desirable to support carrying the SFCI feedback in PSSCH. 
[bookmark: _Ref528746901]Proposal 4: It is supported to convey SFCI via PSSCH in sidelink. 

3.3. CBG-based feedback 
Code block groups (CBG) based retransmission is supported in NR to enable the retransmission of only the erroneously received CBG. It is useful for very large transport blocks or when a transport block is partially preempted by another transmission. 
According to the SA requirement [2], a transport block with extreme size should be supported in NR sidelink. Instead of retransmission of the entire transport block, CBG-based retransmission consumes fewer resources. Further, CBG-based retransmission is desirable to recover a partially interfered transport block, which may happen in sidelink more frequently than in Uu, due to preemption by a high priority transmission from another UE, or conflict between UEs in mode-2 resource allocation, especially if multi-slot transmission is used for a single transport block [4]. Therefore, support of CBG-based retransmission is favorable at least for unicast transmission. 
[bookmark: _Ref534834667]Proposal 5: CBG-based feedback and retransmission is supported for unicast transmission in NR sidelink.

On the other hand, this feature is not that useful for groupcast transmission. As each group member suffers individual channel fading and interference and receives different erroneous CBG, in general TB-based retransmission is the only feasible way to recover the data for each group member. Furthermore, the support of CBG-based HARQ-ACK feedback would significantly complicate the design for groupcast.
[bookmark: _Ref534834671]Proposal 6: CBG-based feedback and retransmission is not supported for groupcast transmission in NR sidelink.

4. CSI acquisition
4.1. CSI information
The CSI information is considered to enable link adaptation, MIMO and power control, in order to fulfill the QoS requirement [2]. It has been agreed to study various long-term and short-term CSI information and their usage in the context of sidelink CSI.
Firstly, the mechanisms of long-term channel measurements such as RSRP and RSSI should be supported. These long-term measurements can be widely used in many aspects, such as power control, resource allocation/reservation, channel selection, interference coordination, etc.
Secondly, the short-term CSI information is needed for the transmitter to derive the transmission MCS. Although the interference variation could be very unpredictable in the sidelink environment, in some specific scenario such as platooning, the channel conditions could be robust enough to enabling high order modulation and close-loop MIMO transmissions. For the acquisition of channel state information and precoding information, channel reciprocity may be used by the transmitter. However, in this case, feedback of short-term interference condition at the receiver is needed for the transmitter to derive the transmission MCS, which has not been supported in NR Uu. Nevertheless, CQI and PMI feedbacks are already supported in NR Uu, which can be reused without significant changes. Therefore, CQI and PMI feedback should be supported in the case. RI should also be reported due to different reception capabilities of different UEs.
Further, in order to support beam management at least in FR2, CSI feedback for beam management is important for NR sidelink. Therefore, we propose that
[bookmark: _Ref525726591]Proposal 7: Long-term channel measurements such as RSRP and RSSI, and short-term CSI measurements such as CQI, PMI and RI, are supported for NR sidelink.

4.2. RS and measurement
In order to support the CSI measurement, dedicated measurement reference signals without precoding should be supported. Either CSI-RS or SRS in Uu may be considered as a starting point for sidelink measurement. From an implementation point of view, the CSI-RS is slightly preferable in sidelink so that the same receiver in downlink for CSI derivation 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. Therefore, the synchronization signals are not preferable. Instead, the above-mentioned sidelink measurement RS should be used. Such RS is also desirable for measuring the receiving power of an individual transmitter during power control.
[bookmark: _Ref528746907]Proposal 8: Dedicated measurement RS is needed for CSI derivation, beam management and power measurement.

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. Moreover, it is beneficial from power saving perspective, as least for pedestrian type UE.
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 dedicated measurement RS defined for CSI measurement should be used. Some further detailed discussion can be found in [5].
[bookmark: _Ref521417959]Proposal 9: Open-loop power control scheme is supported at least for unicast transmission 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. Some preliminary evaluations show that potential gain is achievable by some simple scheme.  Figure 1 depicts the simulation results of a simple power control scheme, compared with a baseline scenario, where a UE always transmits with its maximum power. Periodic traffic model and mode-2a resource allocation are assumed in the simulation; other detailed simulation assumptions can be found in Annex A.
The idea of the power control scheme is simple: if the power control is enabled, a receiver UE suffering severe interference would inform the aggressor via a TPC-like L1 feedback. If the aggressor UE receives the feedback from one or more victim UEs, it may slightly reduce the transmitting power to mitigate the interference. The simulation results show that the PRR can be improved for the far-end UEs with such a simple power control scheme. Therefore, close-loop power control with L1 TPC feedback should be supported.
[image: ]
[bookmark: _Ref535023995]Figure 1 PRR results with and without TPC for mode-2a in freeway scenario
[bookmark: _Ref525673441]Proposal 10: Close-loop power control with L1 feedback is supported for NR sidelink.

6. Multi antenna transmission
According to the SA1 requirement, the target reliability may be up to 99.999% in some cases. The technique of transmission diversity is an effective way to obtain the spatial diversity gain for robustness, especially for control channel. At least transparent diversity should be supported. Non-transparent diversity scheme, such as SFBC, can be further considered, taken into account the standardization effort. 
Beamforming transmission is another important scheme that should be supported. 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.
Furthermore, spatial multiplexing is inevitably needed for some advanced V2X use cases such as sense sharing that requires extremely high data rate in sidelink. Open-loop SM can be considered for groupcast transmission, such as in the platooning scenario. Close-loop SM may be applicable to unicast transmission, especially for the vehicles having relative low speeds, e.g. moving in the same direction.
[bookmark: _Ref534834690]Proposal 11: Transmission diversity should be supported for sidelink control channels. 
[bookmark: _Ref534834699]Proposal 12: Beamforming and beam management should be considered for sidelink unicast, groupcast, and broadcast communications. 
[bookmark: _Ref534834704]Proposal 13: Spatial multiplexing should be considered for unicast and groupcast transmission. 

7. Link management
7.1. Discovery channel
A UE preforms discovery procedure in the sidelink to identify other UEs in the proximity to establish the link for unicast or groupcast transmission. At least the UE ID should be obtained during the discovery procedure. According to the LS [6], RAN2 has agreed that L2 source and destination ID is visible in the MAC layer. Therefore, together with the application message (e.g. BSM) transmitted in the PSSCH, the discovery can be done without introducing dedicated physical layer discovery channel (i.e. PSDCH).
On the other hand, PSDCH may be beneficial if there is any AS layer (e.g. RRC) message or procedure is needed for UE discovery. However, as stated in the LS [6], RAN2 has agreed that the discovery procedure and related messages are up to upper layers. Thus, the payload of the PSDCH would be simply a transparent container of upper layer message, without support of segmentation, assembly, retransmission, etc. Consequently, the reliability and flexibility of the PSDCH would become an issue compared with the PSSCH. Any enhancements to these issues only in the physical layer would significantly complicate the design. Therefore, we do not see the necessity of a dedicated physical layer discovery channel.
[bookmark: _Ref521417960]Proposal 14: It is not necessary to introduce a dedicated physical channel for discovery. Upper layer discovery message is carried in PSSCH.

7.2. UE capability
Although there is no AS discovery procedure, there will be RRC message defined for UE capability exchange, and possibly communication establishment for unicast and groupcast. From physical layer perspective, the UE capability negotiation should take into account the link management. Given the limited processing capability and hardware resource (e.g., soft buffer), it is obviously not possible for a UE 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 simply reject the link establishment in the case of out of resource. 
[bookmark: _Ref525723706]Proposal 15: UE capability negotiation should take into account the limitation of UE processing capability and hardware resource.

7.3. Multiplexing of unicast, groupcast and broadcast transmissions
[bookmark: _GoBack]Multiple types of transmission, e.g. unicast, groupcast and broadcast traffics, are likely coexist in the system. The most simple and straightforward solution is to configure separate resource pools unicast, groupcast and broadcast transmission, respectively. However, such a semi-static allocation scheme may lead to resource underutilization in the case of imbalanced traffic load among different transmission modes. The resources assigned to one mode cannot be dynamically shared with another mode. Further, it may lead to configuration of a large number of resource pools according to variable services, which unnecessarily increases the implementation complexity. On the other hand, a unified design for resource allocation of unicast, groupcast and broadcast transmissions can simplify both the specification and implementation. A single SCI format can be achieved to reduce the blind decoding burden for PSCCH, where the L1 destination ID can be used to distinguish the transmission type. For example, one or more specific destination ID(s) may be defined for broadcast messages, similar to the broadcast RNTIs defined in the NR downlink. Therefore, it is preferable that unicast, groupcast and broadcast transmissions share the same resource pool.
[bookmark: _Ref534834709]Proposal 16: Unicast, groupcast and broadcast transmissions can be multiplexed in the same resource pool.

8. Conclusion
In the contribution, we provide our considerations on the detailed procedure for the design of NR sidelink physical layer procedure and have the following proposals.
Proposal 1: The L1 source ID, the L1 destination ID, HARQ process ID, NDI and RV are conveyed in SCI.
Proposal 2: Asynchronous HARQ feedback with parallel HARQ processes is supported for NR sidelink. The scheduling SCI indicates the timing and frequency resource for HARQ feedback.
Proposal 3: HARQ feedback is enabled or disabled by (pre-)configuration depending on the use cases.
Proposal 4: It is supported to convey SFCI via PSSCH in sidelink. 
Proposal 5: CBG-based feedback and retransmission is supported for unicast transmission in NR sidelink.
Proposal 6: CBG-based feedback and retransmission is not supported for groupcast transmission in NR sidelink. 
Proposal 7: Long-term channel measurements such as RSRP and RSSI, and short-term CSI measurements such as CQI, PMI and RI, are supported for NR sidelink.
Proposal 8: Dedicated measurement RS is needed for CSI derivation, beam management and power measurement. 
Proposal 9: Open-loop power control scheme is supported at least for unicast transmission in NR sidelink to compensate the pathloss to the sidelink transmission destination, and to reduce the interference among UEs.
Proposal 10: Close-loop power control with L1 feedback is supported for NR sidelink.
Proposal 11: Transmission diversity should be supported for sidelink control channels.
Proposal 12: Beamforming and beam management should be considered for sidelink unicast, groupcast, and broadcast communications.
Proposal 13: Spatial multiplexing should be considered for unicast and groupcast transmission.
Proposal 14: It is not necessary to introduce a dedicated physical channel for discovery. Upper layer discovery message is carried in PSSCH.
Proposal 15: UE capability negotiation should take into account the limitation of UE processing capability and hardware resource.
Proposal 16: Unicast, groupcast and broadcast transmissions can be multiplexed in the same resource pool.
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Annex A
Table 1  System level simulation assumption
	Parameter
	value

	Deployment
	Freeway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Sub-carrier spacing
	15KHz

	Traffic model
	periodic traffic: Medium Intensity 
· Inter-packet arrival time: 20ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 10 ms
· 100% vehicles generate packets

	Resource selection
	Semi-static resource allocation
· Based on LTE mode 4 sensing and selection
· Selection period is 10ms/20ms

	TTI structure
	10 symbols for data

	Transmission parameter
	Modulation order and code rate
· 800 bytes: 16QAM  0.37
· 1200 bytes: 16QAM  0.48

	Channel model
	NR freeway channel model defined in 37.885
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