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1. Introduction
In RAN1#98 and the subsequent email discussions, agreements were reached with respect to HARQ feedback timing, feedback multiplexing, etc. [1]. In this paper we discuss remaining open issues related to NR V2X PHY procedures. 
2. Remaining Issues for Sidelink HARQ 
In this section we focus on sidelink HARQ feedback transmission, including PSFCH resource management, remaining details for distance based HARQ transmission, and other HARQ related details.
2.1 PSFCH Resource Management 
Both Option 1 (NACK-only) and Option 2 (ACK/NACK) HARQ feedbacks are supported in NR sidelink. As we have analyzed in [2], it may not be viable to perform Option 2 feedback when size of group is large in groupcast, since not only there would be a lot of ACK transmissions in the feedback resources, but also the UEs sending ACK feedbacks are blocked from receiving due to half duplex constraint. In other words, when group size is large, Option 1 feedback is more feasible; while Option 2 may be applied to groupcast when the group has, say, a few UEs. 
When size of group is small and Option 2 is applied, it may be desirable for a transmitter UE to differentiate feedbacks from different receivers. While for feedback Option 1, a data transmitter may just retransmit when NACK is detected, so it is not necessary to differentiate NACK feedbacks from different receivers. For unicast communications, HARQ feedback transmission is straightforward since a single receiver sends either an ACK or a NACK. 
Observation 1: there is no need to differentiate feedbacks from different UEs for a same PSSCH for feedback Option 1; for feedback Option 2, feedbacks from different UEs acknowledging a same PSSCH transmission should be differentiable.
Based on the different feedback requirements, the PSFCH resource needed for each cast type/feedback option is also different. A unicast data transmission requires a single PSFCH resource, the receiver UE transmits either an ACK or a NACK on the resource. For groupcast feedback Option 1, a single PSFCH resource for a data transmission is sufficient as well, since all receivers sending NACK can transmit exactly the same NACK waveform on this PSFCH resource. For groupcast feedback Option 2, however, multiple PSFCH resources may be needed for a data transmission, so that feedbacks from multiple receivers can be differentiable.
For feedback Option 2, specifically, feedback slot is determined by the N and K values; feedbacks from multiple receivers acknowledging the same data transmission can be FDM or CDM multiplexed in the slot. But note that, each multiplexing approach has its limitations: FDM requires more frequency resources; while CDM may lead to suboptimal performance considering that a feedback occupies only 1 or 2 RBs. A compromised implementation for Option 2 feedback multiplexing is FDM+CDM. Specifically, two HARQ feedback frequency resources are reserved for a data transmission, one for ACK and the other one for NACK; NACK (or ACK) feedbacks from multiple receivers are CDM multiplexed, e.g., different cyclic shifts can be applied to the NACK (or ACK) sequence. This further clarifies the following agreement concluded from in RAN1 email discussions.
	Proposal 4
· For implicit mechanism for PSFCH resource determination, 
· …
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission



Proposal 1a: For feedbacks acknowledging the same PSSCH transmission in Option 1: multiple NACK from different receivers are sent in the same PSFCH resource using the same NACK sequence.
Proposal 1b: For feedbacks acknowledging the same PSSCH transmission in Option 2: ACK and NACK are FDM multiplexed; multiple ACK (or NACK) from different receivers are CDM multiplexed.
From PSFCH resource management perspective, to accommodate feedbacks from different UEs for different feedback options and cast types, a straightforward solution is to configure two HARQ resource sets with different frequency locations in a PSFCH slot. One of the resource sets is used for NACK transmission (NACK for both feedback options, as well as NACK for unicast transmission), the other resource set is used for ACK transmission (ACK for unicast and ACK for feedback Option 2). Take N=2, K=2, BW=100 RBs, Subchannel=10 RBs as an example. There would be totally 20 data transmissions in a feedback period (at most). Based on the discussed approach, 40 PSFCH resources are needed in a PSFCH slot; it is obvious that a feedback slot can provide sufficient resources for PSFCH given the 1 or 2 RBs PSFCH transmission bandwidth.
Proposal 1c: Two feedback resource sets are configured in PSFCH slots, one for NACK transmission, the other one for ACK transmission.
Given the two PSFCH resource sets configured, the remaining issue is to specify a rule to determine a PSFCH resource in a feedback resource set implicitly based on data transmission. RAN1 already has the following agreements:
	Proposal 4
· For implicit mechanism for PSFCH resource determination, 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
· FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)



So, the only open issue is the multiplexing of feedbacks for data transmissions with same PSSCH frequency resource but in different slots. As we have noted, there are sufficient frequency resources in a PSFCH slot, therefore it is natural to support FDM multiplexing since CDM may just complicate the implementation. Now the solution becomes simpler: in a feedback period, a PSFCH resource is uniquely determined by location of the PSSCH transmission; the location of a PSSCH transmission is determined by the ending slot location and starting subchannel location of the PSSCH. 
Proposal 1d: HARQ feedbacks acknowledging PSSCH transmissions having different locations (either frequency location or time location) are FDM multiplexed.
Fig. 1 summarizes the discussed HARQ resource management solution in this section. As we can see, feedback for different cast types/feedback options can be properly multiplexed.


Fig. 1. An example for HARQ feedback resource mapping
2.2 PSFCH Transmission with Tx/Rx Constraints
The PSFCH Tx/Rx overlap issue is due to half-duplex constraint on sidelink; while for PSFCH Tx/Tx overlap, a UE may need to transmit multiple HARQ feedbacks in a PSFCH slot for multiple PSSCH transmissions. RAN1 has achieved the following agreements to address these two issues. 
	Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2



The priority rule based on priority indication can work well in most cases. However, it is still possible that Tx and Rx, or multiple HARQ Tx, may happen to have same priority. This can just be left for UE implementation. In other words, other than priority indicated by PSCCH/PSSCH, no additional rule is needed for PSFCH Tx/Rx or Tx/Tx prioritization. 
Proposal 2: no additional rule is needed for Case 1 and Case 2 PSFCH overlap handling.
For PSFCH overlap Case 3, there is no need to introduce dedicated solution for this specific case since which may only complicate the sidelink feedback design.
2.3 Distance-based PSFCH Transmission 
It has been confirmed in RAN1#98 that distance-based HARQ feedback is supported for sidelink groupcast Option 1, and location information is conveyed in 2nd stage SCI.
	Agreements:
· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.



Since location information can be quite large, it is less feasible, if not impossible, to transmit location information in raw format in SCI. For the purpose of compression of location information, we can utilize the zone ID concept from LTE Rel-14 V2X. So instead of transmitting raw location information, transmitter UE transmits a few LSBs of a zone ID. 
Proposal 3a: Reuse LTE Rel-14 V2X zone ID concept to assist NR V2X distance-based NACK feedback. 
Similar to Rel-14 V2X, zone size shall be configurable and common to all UEs. Since the whole earth is divided into zones, the indication of zone IDs will repeat after configured number of zones (zone ID indication wrap-around). For HARQ feedback purpose, the number of bits indicating zone ID can be slightly extended comparing to LTE V2X, such that zone ID wrap-around issue can be alleviated. For example, considering  (in meters) zone size, 10 bits can uniquely indicate zones in an area of  (in meters), which seems sufficient for feedback purpose zone ID indication.  
Proposal 3b: Zone size is pre-configured and common to all UEs.
Proposal 3c: Around 8-10 bits are sufficient for HARQ feedback purpose zone ID indication.
For distance-based feedback transmission, feedback range requirement shall be conveyed so a receiver UE can determine whether a feedback should be provided. Intuitively, the range requirement is a function of vehicle speed: higher speed may desire a larger communication distance, so that both transmitter and receiver have enough time to prepare for any emergent manoeuvring if necessary. Therefore, it is preferable that the range requirement can be conveyed dynamically, i.e., in SCI. The range requirement can be represented by an index mapped from absolute range. A few bits (e.g., 4-5 bits) seem appropriate to provide desirable flexibility and resolution for minimum range indication. 
Proposal 4a: Minimum communication range is transmitted to assist distance-based NACK feedback.
Proposal 4b: A parameter (of ~5 bits) is carried by 2nd stage SCI to indicate minimum range, in the form of an index representing absolute range.
Based on the zone ID, the feedback range requirement, and receiver UE’s own location, the receiver UE can determine whether to send NACK feedback if it was not able to successfully decode the transmission.
2.4 Other Remaining Issues Related to HARQ 
There are a few details related to sidelink HARQ feedback need to be clarified.
a) Disabling sidelink HARQ feedback
Sidelink HARQ feedback design should provide mechanisms to disable HARQ feedback. For example, HARQ feedback may not be desirable for some QoS levels; HARQ feedback may not help when congestion level is high, etc. An efficient way to achieve this is to indicate HARQ feedback requirement in SCI. As a result, a Tx UE has enough flexibility to enable or disable HARQ feedback, when it is capable to decide whether feedback is desired based on dynamic metrics (e.g., congestion level).
Proposal 5a: SCI indicates whether SL HARQ feedback is required or not.
b) CBG-based HARQ feedback
CBG-based HARQ feedback may improve retransmission efficiency for unicast communications. But for groupcast communications, it may be difficult to benefit from CBG-based feedback due to, e.g., less flexibility in retransmissions. To keep HARQ resource management succinct and uniform, we propose not to introduce CBG-based feedback for NR V2X.
Proposal 5b: NR V2X does not support CBG-based HARQ feedback.
c) Interpretation to K value
There are two options to interpret K value for HARQ feedback slot determination:
	Agreements:
· For PSSCH-to-HARQ feedback timing, to down-select:
· Option 1: K is the number of logical slots (i.e., the slots within the resource pool)
· Option 2: K is the number of physical slots (i.e., the slots within and outside the resource pool)
· FFS how to determine K.



This K value depends only on data receiver UE’s processing capability, which reflects absolute time. Therefore, it is natural to interpret K value to be physical slots.
Proposal 5c: K is the number of physical slots.
In the email discussion following RAN1#98, it was agreed that K=2 is supported for NR sidelink:
	Proposal 3
· At least, it is supported to use a single K value for all UEs in a RX resource pool
· K=2 is supported
· FFS: whether to support other K values to be used as a single K value in a resource pool
· FFS: whether to support the use of multiple K values in a resource pool



For NR V2X, a uniform HARQ timeline (i.e., a single and common K value) could avoid complicating HARQ implementation, especially for Mode 2. Therefore, we propose that only K=2 is supported.
Proposal 5d: NR V2X supports only K=2 for HARQ feedback.
3. Sidelink CSI feedback
Additional types of feedback like CQI, RI, PMI are also possible in the case of unicast transmission since there’s a single link between the UEs. Such types of feedback could improve performance through link adaptation while also allowing for efficient and reliable communication. 
Since PMI is not supported in Rel-16 NR V2X [3] and CQI/RI may always be transmitted together in PSSCH, we propose to define a joint CQI and RI table in the specification for sidelink CSI feedback purpose, for example, a Rx UE transmits an index from the table to a Tx UE based on measurement. 
Proposal 6a: Specify a joint CQI/RI table for sidelink CSI feedback purpose.
For sidelink CSI feedback, considering that the 2nd stage SCI is there, there is complication in multiplexing CSI in the form of UCI multiplexing. One option for sidelink CSI feedback is to transmit CSI as MAC CE. We expect that CQI/RI report will be in slow time scale as it needs to go along with data, hence for CSI transmission, there is not much difference between UCI-type transmission and MAC CE type transmission in terms of feedback delay. Moreover, MAC CE approach is much simpler in terms of specification effort and implementation. Another option is, the CSI feedback can be carried by sidelink control, e.g., in 2nd stage SCI.
Proposal 6b: sidelink CQI/RI is transmitted as part of MAC CE.
4. Sidelink Power Control
Power control mechanisms for V2V transmissions have been specified in LTE. For NR V2X, similar power control principles can be used since we do not expect significant change in NR V2X sidelink transmissions compared to that in LTE. 
Specifically, for power sharing between uplink and sidelink, LTE V2X has a priority threshold been specified. If a sidelink transmission has priority higher than the threshold, the UE’s sidelink transmission is prioritized when sidelink transmission and uplink transmission are overlapped in time; otherwise uplink transmission is prioritized. Also, RACH related transmissions are prioritized on uplink. NR V2X can simply reuse these priority rules. Note that, NR V2X has PSFCH transmissions, which can be given the same priority as the corresponding PSSCH; thus, the LTE V2X rule can also be reused for prioritization of PSFCH transmission and uplink transmission. 
Proposal 7a: NR V2X to reuse LTE V2X power control mechanisms.
While there is still some other difference between LTE and NR V2X. The NR V2X control channel is FDM/TDM multiplexed in data channel. Although a portion of resource in a PSSCH is allocated for control transmission, it looks no much difference than a single physical channel transmission from either Tx or Rx perspective. In other words, the presence of PSCCH does not affect PSSCH power control in NR V2X.
Proposal 7b: NR V2X sidelink power control takes into account only the PSSCH allocation; sidelink transmit power is constant across symbols (with/without of PSCCH); no power boosting/scaling to other signals and channels.
For groupcast, there is possibility that power control can be optimized. However, this comes at the cost of signalling overhead for RSRP exchange, which can easily complicate the system design and become problematic.
Proposal 7c: No RSRP measurement-based power control for sidelink groupcast. 
For power control purpose RSRP measurement, we already have the L3-based RSRP measurement agreed [4], so there is no need to add another L1 pathloss filtering for open-loop power control.


	Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose



Proposal 7d: No L1 filtering needed for power control purpose RSRP measurement.
5. Sidelink L1 IDs  
As part of the SA2 study, it has been agreed that both destination and source L2 IDs will be available for groupcast communication. RAN1 has already agreed that L1 destination IDs are indicated through the PSCCH channel. Therefore, it is straightforward to derive the L1 destination IDs from the L2 IDs by selecting a fixed number of LSBs of the L2 IDs similar to the procedure defined in LTE Rel-12/13. 
Proposal 8a: L1 destination ID is derived from L2 destination ID by selecting a fixed (8bits) number of LSBs. 
Proposal 8b: L1 Source ID included as part of PSCCH is derived from the L2 Source ID by selecting a fixed number (8 bits) of LSBs.
6. Conclusions 
In this contribution, sidelink physical layer procedures are discussed. We have the following proposals.
Proposal 1a: For feedbacks acknowledging the same PSSCH transmission in Option 1: multiple NACK from different receivers are sent in the same PSFCH resource using the same NACK sequence.
Proposal 1b: For feedbacks acknowledging the same PSSCH transmission in Option 2: ACK and NACK are FDM multiplexed; multiple ACK (or NACK) from different receivers are CDM multiplexed.
Proposal 1c: Two feedback resource sets are configured in PSFCH slots, one for NACK transmission, the other one for ACK transmission.
Proposal 1d: HARQ feedbacks acknowledging PSSCH transmissions having different locations (either frequency location or time location) are FDM multiplexed.
Proposal 2: No additional rule is needed for Case 1 and Case 2 PSFCH overlap handling.
Proposal 3a: Reuse LTE Rel-14 V2X zone ID concept to assist NR V2X distance-based NACK feedback. 
Proposal 3b: Zone size is pre-configured and common to all UEs.
Proposal 3c: Around 8-10 bits are sufficient for HARQ feedback purpose zone ID indication.
Proposal 4a: Minimum communication range is transmitted to assist distance-based NACK feedback.
Proposal 4b: A parameter (of ~5 bits) is carried by 2nd stage SCI to indicate minimum range, in the form of an index representing absolute range.
Proposal 5a: SCI indicates whether SL HARQ feedback is required or not.
Proposal 5b: NR V2X does not support CBG-based HARQ feedback.
Proposal 5c: K is the number of physical slots.
Proposal 5d: NR V2X supports only K=2 for HARQ feedback.
Proposal 6a: Specify a joint CQI/RI table for sidelink CSI feedback purpose.
Proposal 6b: Sidelink CQI/RI is transmitted as part of MAC CE.
Proposal 7a: NR V2X to reuse LTE V2X power control mechanisms.
Proposal 7b: NR V2X sidelink power control takes into account only the PSSCH allocation; sidelink transmit power is constant across symbols (with/without of PSCCH); no power boosting/scaling to other signals and channels.
Proposal 7c: No RSRP measurement-based power control for sidelink groupcast. 
Proposal 7d: No L1 filtering needed for power control purpose RSRP measurement.
Proposal 8a: L1 destination ID is derived from L2 destination ID by selecting a fixed (8bits) number of LSBs. 
Proposal 8b: L1 Source ID included as part of PSCCH is derived from the L2 Source ID by selecting a fixed number (8 bits) of LSBs.
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