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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1 #AH 1901 meeting [1], the physical layer procedures in NR sidelink were discussed, and achieved the following agreements [1]:
	Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1

Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption

Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS

Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback

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

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
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast



In this contribution, we will further discuss the design aspects on physical layer procedures in NR sidelink. The discussion is mainly focus on the following topics:
· Additional Layer-1 ID for HARQ operation.
· HARQ feedback operation.
· Power control.
· CSI Acquisition.
Layer-1 IDs
Layer-1 Destination ID
Base in the LS reply from SA2, the destination ID for unicast and groupcast will be provided by upper layer to AS layer. The layer-1 destination ID indicated in SCI could be derived from the destination ID provided by upper layer. Additionally, in order to reduce the overhead in SCI, the layer-1 destination ID shall be shortened. There are two types for L1 destination ID allocation:
· Option1: Unicast and groupcast shared the common ID sets. The similar method in Rel-12 D2D could be used in NR V2X, e.g. the x LSBs in destination ID could be used as layer-1 destination ID.
· Option2: Unicast and groupcast are allocated dedicated and orthogonal ID Sets respectively. A specify mapping rule is needed, and the destination ID in the PSCCH would be used to differential if it is unicast or groupcast (UE ID for unicast and group ID for groupcast). For all the receivers including the destination UE, the ID in the SCI implicitly indicates the communication mode, and the receivers can handle it in different manner. 
Proposal 1: The layer-1 destination ID for unicast and group ID for groupcast could be derived from the ID provided by upper layer and the mapping principle and its size need further study.
The uniqueness of the layer-1 destination ID may not guarantee to be unique due to the operation with shorten ID. There may be a layer-1 destination ID collision among the UE performing sidelink communication. If the uniqueness of the destination ID can't be guaranteed, it will bring some issues, such as the non-intended PSSCH decoding and the HARQ feedback. The false alarm of UE ID detection issues need to be carefully studied. Some mechanisms of UE ID false alarm shall be investigated to avoid the system performance degradation caused by subsequent operation after the layer-1 destination ID collision.
Proposal 2: Layer-1 destination ID collision issue needs further study. Some mechanisms of UE ID false alarm shall be investigated to avoid the system performance degradation caused by subsequent operation after the layer-1 destination ID collision or decrease the impact of collision.
Layer-1 ID for HARQ operation.
In unicast and groupcast communication, additional information should be included in the SCI to support the sidelink HARQ operation, which includes source ID, HARQ process ID, NDI and RV.
The combination of source ID, HARQ process ID and the NDI are used to differentiate a specific TB. The “Source ID” in the SCI helps the receiver to differentiate the receiving data from different sources before decoding the data. “HARQ process ID” is used to indicate the HARQ processor when the number of HARQ processors supported by the UE is more than 1. The “NDI” is used to indicate whether the data is for the initial transmission or retransmission of a HARQ processor. Whether the three layer-1 ID for HARQ operation are introduced would mainly depend on the resource allocation/indication scheme. 
If CC HARQ combination is used, there is no need to indicate the RV information in the SCI. If IR HARQ combination is adopted, whether the RV information should be included in the SCI has relative with the resource allocation mode. 
Two resource allocation/indication schemes are illustrated as follows: 
· Alt 1: From the perspective of the receiver, the retransmission resources are allocated and determined in advance, e.g. similar as LTE V2X, the resources of initial transmission and re-transmission are indicated explicitly jointly by one SCI, or a resource pattern is pre-configured.
· Alt 2: Form the perspective of the receiver, not all the retransmission resources are allocated in advance, e.g. the resources of initial transmission and re-transmission are indicated separately by different SCI. 
For Alt 1, the “source ID”, “HARQ process ID” and the “NDI” can be replaced by the joint resource indication in SCI, and if the maximize transmission times and the current transmission information can be obtained from the SCI, RV information is no need to be indicated in SCI.
For Alt 2, the “HARQ process ID”, the “NDI” and the “RV” shall be introduced. If the RV merged is adopted, the RV information should be included in the SCI.
Proposal 3: Whether the “source ID”, “HARQ process ID”, “NDI” and ‘RV” are indicated in SCI is relative with the resource allocation mode and the HARQ combination scheme. The following two options shall be studied:
· Option 1: Joint resource indication for initial transmission and retransmission, no additional layer-1 ID introduced in SCI. 
· Option 2: The “source ID”, “HARQ process ID”, the “NDI” and the “RV” shall be introduced.

Compared with Alt 1, Alt 2 can avoid resource overbooking for a HARQ process. From the perspective of transmission mode, Alt 1 is desirable for broadcast communication mode or some disable HARQ unicast/groupcast communication mode with automatic/blind retransmission; 
Alt 2 would be beneficial for unicast and groupcast transmission mode with HARQ feedback: The resources of re-transmission are allocated according to the HARQ NACK feedback, and then the initial transmission and re-transmission are indicated separately by different SCI. 
Proposal 4: 
· In case of broadcast communication mode or some unicast/groupcast transmission mode without HARQ feedback, joint resource indication for initial transmission and retransmissions is desirable, which doesn’t require additional layer-1 IDs for HARQ operation. 
· In case of unicast and groupcast transmission mode with HARQ feedback, the additional layer-1 IDs(e.g. source ID, HARQ process ID, NDI and RV) are desirable for HARQ operation. 

Similar to the destination ID, the layer-1 Source ID could be derived from the ID provided by upper layer and it can be shortened. For unicast and groupcast, the layer-1 Source ID could be derived from the upper layer source UE ID or MAC source ID, and the mapping principle and its size need further study. For groupcast, the layer-1 Source ID could be derived from the upper layer source UE ID or the MAC source ID and the mapping principle and its size need further study.
Proposal 5: For unicast and groupcast, the layer-1 Source ID could be derived from the source ID provided by upper layer or MAC source ID, and the mapping principle and its size need further study.
HARQ feedback operation
In HARQ feedback operation, the following issues should to be addressed:
· PSFCH resource indication for mode 1 and mode 2.
· HARQ feedback type for groupcast in Mode 2 Resource Allocation.
· HARQ Feedback procedure for unicast in Mode 1 Resource Allocation.
· HARQ enable/disable.
· CBG-based HARQ for unicast and groupcast.
PSFCH resource indication for mode 1/2
In PSFCH resource indication, It was agreed that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported), then the gap is pre-configured or semi-static, both options for the time gap of the mode 2 shall be further studied.
· Option 1: The gap is pre-configured in the system or configured through Uu interface. 
· Option 2: The gap is configured through PC5 interface. For example the gap or dedicated feedback resources can be exchanged and negotiated in connection establishment procedure.
Proposal 6: Both options for the time gap of the mode 2 shall be further studied.
· Option 1: The gap is pre-configured in the system or configured through Uu interface. 
· Option 2: The gap is configured through PC5 interface. For example, the gap or dedicated feedback resources can be exchanged and negotiated in connection establishment procedure.
In mode 1, the first step is to determine who sends an indication to gNB to indicate the need for retransmission. If the transmitter UE fed to gNB, PSFCH shall be allocated, if the receiver UE fed to gNB, there is no need to allocate PSFCH. 
Proposal 7: For mode 1, whether PSFCH resource is needed depends on the HARQ feedback operation in mode 1.

If the PSFCH resource should be allocated for mode 1, the eNB/gNB is the only one scheduler in a cell and the processing/scheduling capacity of gNB is much higher than UE, so a flexible PSSCH-to-HARQ feedback timing can be considered to provide higher resource efficiency. If this flexibility is supported,  the time gap information shall be indicated in SCI. 
Proposal 8: For mode 1, pre-configured or semi-static feedback timing shall be supported, flexible PSFCH feedback timing is FFS. 

For unicast, ACK/NACK based HARQ feedback is supported, and NR PUCCH Format 0 should be considered as the starting point for the design of PSFCH. ACK/NACK feedbacks use same time-frequent resource but different cyclic shifts. For groupcast, the PSFCH resource allocation has relative with the feedback type. It is suggested that common resource shall be used for group members in case of NACK-based feedback. 
It was agreed that that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported). How to determine the associated PSFCH resource index should be further studied.  In general, there are two options for the PSFCH resource index determination.
· Option 1: Implicit indication, the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly.
· Option 2: Explicit indication, the associated PSFCH index resource is indicated by SCI explicitly.
For option 1, there is a one-to-one mapping between the PSCCH/PSSCH resource and the associated PSFCH resource index. Option 2 can provide flexible PSFCH resource selection, e.g. flexible frequency and/or codebook resource. Option 2 can also provide higher resource efficiency for PSFCH resource. However, option 2 needs additional signaling in indication of the resource sensing/selection mechanism to avoid PSFCH resource collision, which will increase the resource selection complexity.
Proposal 9: Both options for PSFCH resource determination shall be further studied:
· Option 1: Implicit indication, the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly. 
· Option 2: Explicit indication, the associated PSFCH resource index is indicated by SCI explicitly.
HARQ feedback for groupcast in Mode 2 Resource Allocation
There is also a potential range-based groupcast communication without explicit grouping establishment operation. In order to improve the reliability of this groupcast communication, the range-based groupcast HARQ feedback mechanism is proposed. For example, if this type of groupcast has no resource coordination, the gain of only ACK/NACK feedback mechanism may be minor, since the UEs belong to this virtual group may have a resource collision or half duplex issues. Therefore, it is better to have a clear idea about the related use cases, and further study the reliability improvement mechanism, including resource allocation, ACK/NACK feedback mechanism, and etc.
Proposal 10: Whether to support range-based groupcast communication need further study, including the related used case, mechanisms to improve the reliability (e.g. resource allocation, ACK/NACK feedback mechanism). 
HARQ Feedback for Unicast in Mode 1 Resource Allocation
The gNB should know the ACK/NACK feedback information in sidelink communication for resource allocation mode 1 since the sidelink transmission is controlled by gNB.   In general, there are three options of the HARQ procedure in mode 1, as illustrated in Figure 1.
· Option 1: The ACK/NACK shall be feedback to Source UE through sidelink, and source UE forward the ACK/NACK to gNB.
· Option 2: The ACK/NACK shall be directly sent to gNB through Uu by receiving UE. 
· Option 3: The ACK/NACK shall be feedback to source UE through sidelink, gNB has the capability to monitor NR sidelink. 



Figure 1: HARQ procedure in mode 1
Option 1 is more generic one. It can reuse most of the design aspects of mode 2 in sidelink.It will introduce larger delay due to ACK/NACK forward operation.  It also requires some enhancement on the NR Uu for sidelink ACK/NACK transmission.
 Option 2 decreases the latency of feedback and retransmission. However, the destination UE must be in the same cell coverage as the source UE.  When the UEs are associated in different gNB or partial coverage, option 2 may require the gNB covering the destination UE to forward the ACK/NACK to the gNB coverage the transmit UE. Additionally, the mapping between SL TB and its HARQ feedback resource in Uu is also an issue, if the HARQ ACK/NACK feedback of the destination UE reuses PUCCH defined in Rel-15, gNB can’t build a connection of the HARQ feedback and the resource allocation for source UE. That is to say, the complexity of Uu design is high.
Observation 1: In destination UE sending scheme, the mapping between SL TB and its HARQ feedback resource in Uu is also an issue. if the HARQ ACK/NACK feedback of the destination UE reuses PUCCH defined in Rel-15, gNB can’t build a connection of the HARQ feedback and the resource allocation for source UE.

Option 3 decreases the latency of feedback and retransmission and no need to design the HARQ feedback in Uu. However, the destination UE must be in the same cell coverage as the source UE and it requires the gNB has the capability of  sidelink reception.
Due to the limitation in deployment of option 2 and option 3, neither option can work respectively. Option2 or Option 3 as a baseline scheme is preferred, and the option 1 is used as a supplement scheme. And according to the above analysis, the option 2 should be further study. 
Proposal 11:  HARQ operation in mode 1 resource allocation shall be further studied. Both options shall be further studied.
· Option 1: Destination UE sending can be used as the baseline and the source UE sending is adopted as a supplement ,furthermore, the destination UE sending scheme need to be improved.
· Option 2: gNB monitoring can be used as the baseline and the source UE sending is adopted as a supplement.
HARQ enable/disable 
The mapping relationship should be built up between HARQ-ACK and QoS. A mapping table can be applied to indicate the utilization of HARQ-ACK, e.g. enable/disable, according to different QoS requirements. 
Proposal 12: A mapping relationship can be built up between HARQ-ACK utilization and QoS requirements.
CBG-based HARQ for unicast and groupcast
CBG-based HARQ is only useful for some use case with high date rate or large packet size. In gourpcast, there are multiple receivers, then the receiving status and feedback for each CBG may differ from UE, comparing with TB-based HARQ feedback, the gain is not clear. So the CBG-based HARQ operation for sidelink groupcast is not preferable. 
In unicast, the destination UE number is only one, the CBG-based HARQ operation could be further study.
Proposal 13: CBG-based HARQ operation is not preferable in sidelink groupcast communication. Whether to support CBG-based HARQ operation is FFS in sidelink unicast communication. 
CSI Acquisition
Channel state information is used for link adaptation operation and Tx power control. In NR V2X, CSI information is needed for the link adaptation gain. The following aspects should be addressed in the sidelink system design for the CSI acquisition. 
· The CSI  measurement 
In NR V2X, the co-channel interference is dynamic and varied in time. The co-channel interference of any sidelink resource would vary in time due to the mobility of the interference sources. The interference is a 2nd order statistic. The time-varying interference would be very challenged to be estimated accurately. The interference estimation would not be accurate, no matter using channel reciprocity or CSI feedback.
Proposal 14:  The co-channel interference for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.  
· CSI acquisition through channel reciprocity or CSI feedback
For CSI acquisition through CSI feedback by the receiving UEs, the CSI-RS needs to be configured and transmitted periodically by the transmitting UE in order for the receiving UE’s measurements of channel state information and the estimation of the interference. The CSI needs to be fed back from the receiving UEs to the transmitting UE periodically or intensely in short period before the transmission to get the link adaptation gain. The link adaptation gain would be diminished if the CSI feedbacks by the receiving UEs are inaccurate or aged. The overhead of CSI acquisition through CSI feedbacks by the receiving UEs is too much and the benefit of sidelink link adaptation gain is limited.  
For CSI acquisition through channel reciprocity, the transmitting UE could also use the DMRS or other RS, such as RS used for AGC training, transmitted by the receiving UE to derive the channel state information of the receiving UE. The precoding information and channel state information through channel reciprocity is quite accurate. 
Compare the above two options, the CSI acquisition through channel reciprocity could get similar channel state information to that of CSI feedback especially for the high speed scenario. 
Proposal 15:  CSI acquisition through channel reciprocity could get similar channel state information to that of CSI feedback especially for the high speed scenario. 
· CSI used for power control in unicast
In RAN1 #AH 1901 [1], it was agreed that long-term measurement of sidelink signal is supported for the open-loop power control of unicast service. The long-term measurement of sidelink signal would remove the effects of slow and fast fading.  For NR V2X sidelink, the Tx power is also power controlled.  The long-term measurements of sidelink signal do not reflect the desired measure of the propagation loss due to the dual mobility between Tx and Rx UEs.  The long-term measurements of sidelink signal doe not capture the factor of channel gain (negative gain as the channel loss) for the power compensation to achieve the target SINR.  The use of the sidelink long-term measurements for power control needs to be further studied.   .
Proposal 16:  The use of the sidelink long-term measurements for power control needs to be further studied.   
· CSI used for MCS adaptation in unicast
CSI is used for link adaptation operation to achieve the adaptive MCS to adapt to the fading channel effect.  The CSI acquisition should to be timely for the adaptation to the fading channel. An AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition in order to obtain accurate CSI information. 
Proposal 17:  The CSI acquisition through channel reciprocity can be used for the link adaptive such as AMC, and a short-term/real-time measurement is adopted.
 Proposal 18: CSI used for the adaptive resource selection, the AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Power control
SL power control is used control the Tx power in compensating the pathloss between the transmitting and receiving UEs to achieve the target SINR and limiting the interference to the neighboring cluster in SL.   Pathloss is calculated by the Tx power subtracting the measured RSRP, which is filtered by both L1 and L3 filters.   The long-term measurements of L3 RSRP with L1 and L3 filter would take the measurement time in the range of second.  The distance change would be 33.4 m for each second if each UE is driving 60 km/hr away from each other.  The long-term RSRP measurement would not reflect the desired pathloss for the compensation.   The short-term RSRP measurements with average of 2 to 3 samples to filter out the fast fading effect should be used in the calculation of pathloss instead.   
Proposal 19:  The short-term RSRP measurements with average of 2 to 3 samples to filter out the fast fading effect should be used in the calculation of pathloss.   
If the Tx power of sidelink RS is also power controlled, the pathloss is a time-varying measure due to the variation of the Tx power at each measure of RSRP.   In order to provide good constant power RS for the PL measurements, the AGC RS at the beginning of each slot for PSSCH transmission should be considered as the RS for the pathloss measurements.  For better pathloss estimation, the AGC RS should transmit in full power without power control.
Proposal 20: The AGC RS should be used as the RS for the pathloss measurements and not power controlled.  
Conclusion
In this contribution, the issues and potential enhancements of physical layer procedures for unicast, groupcast and broadcast in NR sidelink are discussed. We have following proposals:
Proposal 1: The layer-1 destination ID for unicast and group ID for groupcast could be derived from the ID provided by upper layer and the mapping principle and its size need further study.
Proposal 2: Layer-1 destination ID collision issue needs further study. Some mechanisms of UE ID false alarm shall be investigated to avoid the system performance degradation caused by subsequent operation after the layer-1 destination ID collision or decrease the impact of collision.
Proposal 3: Whether the “source ID”, “HARQ process ID”, “NDI” and ‘RV” are indicated in SCI is relative with the resource allocation mode and the HARQ combination scheme. The following two options shall be studied: 
· Option 1: Joint resource indication for initial transmission and retransmission, no additional layer-1 ID introduced in SCI. 
· Option 2: The “source ID”, “HARQ process ID”, the “NDI” and the “RV” shall be introduced.
Proposal 4: 
· In case of broadcast communication mode or some unicast/groupcast transmission mode without HARQ feedback, joint resource indication for initial transmission and retransmissions is desirable, which doesn’t require additional layer-1 IDs for HARQ operation.  
· In case of unicast and groupcast transmission mode with HARQ feedback, the additional layer-1 IDs(e.g. source ID, HARQ process ID, NDI and RV) are desirable for HARQ operation. 
Proposal 5: For unicast and groupcast, the layer-1 Source ID could be derived from the source UE ID provided by upper layer or MAC source ID, and the mapping principle and its size need further study.
Proposal 6: Both options for the time gap of the mode 2 shall be further studied.
· Option 1: The gap is pre-configured in the system or configured through Uu interface. 
· Option 2: The gap is configured through PC5 interface. For example, the gap or dedicated feedback resources can be exchanged and negotiated in connection establishment procedure.
Proposal 7: For mode 1, whether PSFCH resource is needed depends on the HARQ feedback operation in mode 1.
[bookmark: _GoBack]Proposal 8: For mode 1, pre-configured or semi-static feedback timing shall be supported, flexible PSFCH feedback timing is FFS.
Proposal 9: Both options for PSFCH resource determination shall be further studied.
· Option 1: Implicit indication, the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly. 
· Option 2: Explicit indication, the associated PSFCH resource index is indicated by SCI explicitly.
Proposal 10: Whether to support range-based groupcast communication need further study, including the related used case, mechanisms to improve the reliability (e.g. resource allocation, ACK/NACK feedback mechanism). 
Proposal 11:  HARQ operation in mode 1 resource allocation shall be further studied. Both options shall be further studied.
· Option 1: Destination UE sending can be used as the baseline and the source UE sending is adopted as a supplement ,furthermore, the destination UE sending scheme need to be improved.
· Option 2: gNB monitoring can be used as the baseline and the source UE sending is adopted as a supplement.
Proposal 12: A mapping relationship can be built up between HARQ-ACK utilization and QoS requirements.
Proposal 13: CBG-based HARQ operation is not preferable in sidelink groupcast communication. Whether to support CBG-based HARQ operation is FFS in sidelink unicast communication. 
Proposal 14:  The co-channel interference for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.  
Proposal 15:  CSI acquisition through channel reciprocity could get similar channel state information to that of CSI feedback especially for the high speed scenario. 
Proposal 16:  The use of the sidelink long-term measurements for power control needs to be further studied.   
Proposal 17:  The CSI acquisition through channel reciprocity can be used for the link adaptive such as AMC, and a short-term/real-time measurement is adopted.
 Proposal 18: CSI used for the adaptive resource selection, the AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Proposal 19:  The short-term RSRP measurements with average of 2 to 3 samples to filter out the fast fading effect should be used in the calculation of pathloss.   
Proposal 20: The AGC RS should be used as the RS for the pathloss measurements and not power controlled.  
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