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Introduction
The NR V2X sidelink physical layer procedures have been discussed in the past several RAN1 meetings. It was agreed in [1] that  

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.
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.
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
· Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible (draft LS in R1-1909873, email approval till 9/5 – Hanbyul, LGE)
· Inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1.
· Including the current RAN1 agreement on PSFCH design

In this contribution, we provide our views on sidelink power control, HARQ, CSI acquisition and TBS determination. 
Discussion
Sidelink Power Control
In LTE V2X, the EPRE of PSCCH is 3 dB more than that of PSSCH so as to increase PSCCH coverage. However, such PSCCH power boosting is not applicable to NR V2X. 

It was agreed [2] that the total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot. In PSCCH and PSSCH multiplexing Option 3, if PSCCH has power boosting, then the EPRE of PSSCH resources in the same symbol as PSCCH should be decreased to maintain constant symbol transmit power. The power reduction on these PSSCH resources leads to PSSCH decoding performance degradation. Furthermore, it is possible that the transmit power for PSCCH after its power boosting already exceeds the transmit power constant, especially when PSCCH occupies most of the frequency resources in a sub-channel. Hence, the power boosting on PSCCH should not be supported. Instead, PSCCH coverage extension could be achieved by 2-stage SCI and higher PSCCH aggregation level. 

Proposal 1: Power boosting on PSCCH is not supported.

The application of sidelink pathloss based open-loop power control on sidelink groupcast is still open. In our view, this should be supported for NR V2X. It could achieve reliable sidelink group communication while keeping low interference to UEs outside of the group. The main concern of supporting this feature is the heavy traffic load of reporting sidelink RSRP from receiver UEs. To address this concern, some restrictions can be added for using this feature.

Proposal 2: Sidelink pathloss based open-loop power control is supported for groupcast.

Sidelink HARQ
It was agreed [2] that at least for groupcast HARQ feedback Option 1, i.e., HARQ-NACK only, the Tx-Rx distance-based HARQ feedback is supported. In our view, the Tx-Rx distance-based HARQ feedback should not be applied for groupcast HARQ feedback Option 2. The main issue is that if a transmitter UE does not receive any HARQ ACK/NACK feedback from a receiver UE, it cannot distinguish the case where the receiver UE decodes PSSCH transmission but does not feedback HARQ ACK/NACK due to large Tx-Rx distance and the case where the receiver UE does not receive PSCCH at all. Note that the transmitter UE is supposed to have different behaviors for these two cases. Specifically, the transmitter UE does not need to retransmit to the receiver UE for the former case, while it needs to retransmit to the receiver UE for the latter case. Due to the ambiguity caused by no feedback from receiver UE, it does not make sense to support the Tx-Rx distance-based HARQ feedback for groupcast HARQ feedback Option 2. 

Proposal 3: The Tx-Rx distance-based HARQ feedback is not supported for groupcast HARQ feedback Option 2.

To support the Tx-Rx distance-based HARQ feedback for groupcast HARQ feedback Option 1, the transmitter UE’s location is indicated by SCI. The location information can be in the form of either zone ID or geographical coordinate. The concept of zone was introduced in LTE V2X in association with resource pool. A zone is a rectangular area with edge size configurable from 5 meters to 500 meters. LTE V2X supports up to 16 zone IDs. If a zone area is configured to be large, then the accuracy of transmitter UE’s location is sacrificed. If a zone area is configured to be small, then the wraparound of zone IDs could lead to incorrect Tx-Rx distance calculation. 

On the other hand, geographical coordinate provides accurate location information without wraparound issue. However, the large payload size of a full geographical coordinate makes its transmissions in SCI infeasible, even though it is carried in SCI stage 2. Hence, a subset of the geographical coordinate bits is carried in SCI, while the remaining bits are associated with resource pool or delivered in high layer messages. 

Proposal 4: For sidelink groupcast HARQ feedback Option 1, SCI includes the geographical coordinate of transmitter UE.

One proposal from the email reflector discussions [3] is to further discuss for a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions. The main motivation is that not all the frequency resources are needed for PSFCH transmissions, and the unused frequency resources can be reserved for future usage, e.g., to support a new PSFCH format to carry more than 2 bits. In our view, if a new short PSFCH format is introduced, it can share the frequency resources with the sequence-based PSFCH format. In other words, it is unclear whether the separation of frequency resources for different PSFCH formats is necessary.

Proposal 5: For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, all the frequency resources should be usable for PSFCH transmissions.

One conclusion from the email reflector discussions [3] is that using a single  value for all UEs in a Rx resource pool, where  is the lower bound of the time gap between PSSCH and its associated PSFCH. This value, in the unit of slots, is to indicate the minimum processing time for sidelink HARQ feedback. One possible value of  (i.e., 2 slots) is supported. It is open whether to support the use of multiple  values in a resource pool. In our view, the use of different  values for different UEs will cause potential PSFCH resource collision.

Proposal 6: Only a single K value is used for all UEs in a RX resource pool.

Another conclusion from the email reflector discussions [3] is that for implicit mechanism for PSFCH resource determination, support FDM between PSFCH resources used for PSSCH transmissions with different starting sub-channel in the same or different slots. 

It is open whether to support FDM between PSFCH resources used for PSSCH transmissions with same starting sub-channel in different slots. One concern of supporting it is that the allocated PSFCH frequency resources for each PSSCH transmission is smaller than the minimum RB size required for AGC settling time for PSFCH reception. In our view, this minimum RB size requirement for AGC settling can be achieved by configuring a larger sub-channel size or configuring a smaller PSFCH periodicity. 

It is open whether to support CDM between PSFCH resources used for PSSCH transmissions. The option of CDM between PSFCH resources can result in near-far issue. Unless for groupcast HARQ feedback Option 2 where the UEs in a group may be close to each other, we think the usage of CDM between PSFCH resources should be deprioritized.  

Proposal 7: For implicit mechanism for PSFCH resource determination, support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.

Proposal 8: For implicit mechanism for PSFCH resource determination, do not support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions, except for groupcast HARQ feedback Option 2.

Sidelink HARQ feedback can be enabled or disabled in unicast or groupcast by (pre-)configuration [4]. When HARQ feedback is configured to be enabled, it can be dynamically disabled depending on the Tx-Rx distance for groupcast HARQ feedback Option 1. The dynamically disabling sidelink HARQ feedback should be supported in other conditions related to channel congestion or data QoS. For example, under congested channel conditions, a transmitter UE can dynamically disable HARQ feedback so as to alleviate channel congestion via stopping retransmissions. 

Proposal 9: Support to dynamically disable HARQ feedback based on channel congestion or data QoS, when HARQ feedback is enabled by configuration.

Sidelink CSI acquisition
For sidelink unicast CSI acquisition, only CQI and RI reporting is supported and multi-rank PSSCH transmission is supported up to two antenna ports [5]. RAN1 has working assumption to support aperiodic CSI reporting [6]. 

In NR Uu link, aperiodic CSI reporting is based on the measurement of periodic, semi-persistent or aperiodic CSI-RS resources. 

Since release 16 does not support standalone RS transmission dedicated to sidelink CSI reporting [6] and sidelink CSI-RS is confined within the PSSCH transmission [7], the transmission of periodic or semi-persistent CSI-RS is not guaranteed unless there is periodic sidelink data transmission.

The aperiodic CSI-RS transmission does not have to accompany with every sidelink unicast PSSCH transmission. Hence, it is necessary that the presence of CSI-RS in PSSCH is indicated in the associated SCI. This indication of the presence of CSI-RS also serves as a trigger of CSI reporting for receiver UE. 

In NR Uu link, the uplink grant DCI indicates one CSI reporting configuration which includes reporting type, reporting contents, reporting resources as well as CSI-RS resources. Most of these configuration fields are not needed for sidelink CSI reporting as they are either predefined or out of transmitter UE’s control. One possible exception is CSI-RS resources, where multiple CSI-RS resources are configured. Transmitter UE selects one CSI-RS resource and indicates it to receiver UE. 

Proposal 10: SCI indicates the presence of CSI-RS in the associated PSSCH for CSI measurement. FFS whether sidelink CSI-RS resource is indicated in SCI.

After receiving SCI indicating the presence of CSI-RS, a receiver UE performs the sidelink CSI measurement. It was agreed [5] that the CSI reporting is carried in PSSCH, where the regular resource allocation procedure is applied for this PSSCH transmission. It is clear not every PSSCH transmission contains CSI reporting. To avoid ambiguity, the SCI associated with CSI reporting should indicate the presence of CSI reporting.

Proposal 11: SCI indicates the presence of CSI reporting in the PSSCH resources.

Sidelink TBS determination
In NR Uu link, the transport block size (TBS) is determined by a formula or a look-up table. The selection between the formula or the look-up table is based on intermediate number of information bits. Specifically, if the intermediate number is larger than 3824, then TBS is calculated by the formula, otherwise, TBS is obtained from the look-up table. 

The intermediate number of information bits is equal to the multiplication of code rate, modulation order, number of layers and the total number of resource elements (RE) for data transmission. Under the assumption that the number of REs for data transmission in each allocated data channel resource blocks (RB) is identical, the total number of REs for data transmission is based on the calculation of the number of REs for data transmission per RB. Here, the overheads from DMRS, CSI-RS and CORESET are reduced in the calculation. 

Overall, the TBS determination procedure in NR Uu link can be reused for NR V2X sidelink. Considering the PSCCH and PSSCH multiplexing Option 3, the assumption of identical number of REs for data transmissions in each PSSCH RB does not hold. Hence, the total number of REs for data transmission should not be calculated based on the number of REs for data transmission per RB. Furthermore, some additional overheads besides DMRS, CSI-RS and PSCCH should be considered:
 
1. GAP symbol: The GAP symbol in sidelink is not used for data transmission.
2. AGC symbol: Some REs in AGC symbol are used for AGC training and are not suitable for data transmission.
3. SCI stage 2: The 2-stage SCI is supported for NR V2X, where SCI stage 1 is carried in PSCCH. It is possible that SCI stage 2 is carried in PSSCH (cf. [8]). 
4. PSFCH: It is supported that PSFCH is TDM with PSCCH/PSSCH and PSFCH uses the last symbol(s) available for sidelink in a slot. 

Proposal 12: Sidelink TBS determination should consider PSCCH/PSSCH multiplexing and the overheads from GAP symbol, AGC symbol, SCI stage 2 and PSFCH.

NR V2X supports blind retransmission(s) of a TB. It is possible that the TBS calculated in initial transmission is different from the TBS calculated in blind retransmission(s), due to different PSFCH overhead. It is supported that PSFCH periodicity can be 1, 2 or 4 slots. For the case where PSFCH periodicity is larger than 1 slot, PSFCH may occur in the slot for initial transmission, but not in the slot for blind retransmission(s), or vice versa. 

It was agreed [7] that LDPC codes used for release 15 NR PDSCH is applied to PSSCH. In NR PDSCH, two LDPC base graphs are designed, and the selection between these two LDPC base graphs depends on code rate and transport block size. The TBS mismatch between initial transmission and blind retransmission(s) could result in selecting different LDPC base graphs. The incorrect LDPC base graph selection will definitely cause PSSCH decoding error. One way to address this issue is to include a bit in SCI to indicate which LDPC base graph is used. However, this approach increases signaling overhead and was also not adopted in NR Uu link. Another way is to align the TBS calculation between initial transmission and blind retransmission(s) by introducing a common virtual (or model) TBS which is used for LDPC base graph selection. The PSFCH overhead is always counted (or alternatively, not counted) in the calculation of the virtual TBS. This closes the potential gap between initial transmission and blind retransmission(s) such that a UE receiving either initial transmission or blind retransmission(s) concludes on the same LDPC base graph. 

The same TBS mismatch occurs between initial transmission and feedback-based retransmission(s). However, for feedback-based retransmission(s), the same LDPC base graph used in initial transmission can be assumed for retransmission(s).

Proposal 13: The TBS mismatch from initial transmission and blind retransmission(s) should be addressed when determining LDPC base graph for PSSCH. Consider introducing a virtual TBS in selecting LDPC base graph for PSSCH. 
Conclusion
In this contribution, we provided our view on NR sidelink physical layer procedures. Our proposals are as follows:

Proposal 1: Power boosting on PSCCH is not supported.
Proposal 2: Sidelink pathloss based open-loop power control is supported for groupcast.
Proposal 3: The Tx-Rx distance-based HARQ feedback is not supported for groupcast HARQ feedback Option 2.
Proposal 4: For sidelink groupcast HARQ feedback Option 1, SCI includes the geographical coordinate of transmitter UE.
Proposal 5: For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, all the frequency resources should be usable for PSFCH transmissions.
Proposal 6: Only a single K value is used for all UEs in a RX resource pool.
Proposal 7: For implicit mechanism for PSFCH resource determination, support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.
Proposal 8: For implicit mechanism for PSFCH resource determination, do not support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions, except for groupcast HARQ feedback Option 2.
Proposal 9: Support to dynamically disable HARQ feedback based on channel congestion or data QoS, when HARQ feedback is enabled by configuration.
Proposal 10: SCI indicates the presence of CSI-RS in the associated PSSCH for CSI measurement. FFS whether sidelink CSI-RS resource is indicated in SCI.
Proposal 11: SCI indicates the presence of CSI reporting in the PSSCH resources.
Proposal 12: Sidelink TBS determination should consider PSCCH/PSSCH multiplexing and the overheads from SCI stage 2, GAP symbol, AGC symbol and PSFCH.
Proposal 13: The TBS mismatch from initial transmission and blind retransmission(s) should be addressed when determining LDPC base graph for PSSCH. Consider introducing a virtual TBS in selecting LDPC base graph for PSSCH. 
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