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Introduction
[bookmark: _GoBack]In the RAN1 Ad-Hoc #1901 meeting, physical layer procedure of NR-V2X was discussed and the following agreements were achieved [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 further discuss the physical layer procedures related to sidelink feedback, power control and multiple antenna transmission.
Feedback mechanism for NR-V2X
1.1 Feedback contents
In RAN1 #95, it was agreed that feedback for unicast and groupcast can be enabled or disabled [2]. In case feedback is enabled, the following issues need to be addressed: feedback contents, feedback channel, and transmission resource for feedback channel. In this section, we will discuss the feedback contents. The last two issues will be touched in following sections.
The following information can be seen as candidates for feedback information.
· HARQ-ACK: this information is used to indicate whether the data is received correctly or not so that the transmitter can determine to do either re-transmission or new transmission. It needs to be fed back in case feedback is enabled in unicast or groupcast.
· Long-term measurement of SL: It was agreed that long-term sidelink signal is supported at least for unicast in last meeting [1]. The long-term sidelink measurement can be such as S-RSRP, S-RSSI etc. This kind of information can be fed back from RX UE to TX UE so that TX UE can do some transmission parameter adjustment, such as for power control. In that case, long-term measurement can be carried in sidelink feedback channel. While considering larger payload size of this kind of feedback information, it is more suitable to be piggybacked in MAC CE, instead of dedicate feedback channel.
· Channel state information: CSI can be used to adjust the transmission parameters, such as MCS, or transmission schemes. In case of groupcast, there are multiple links between transmitter and several receivers, if CSI feedback is supported, that will cause heavy signaling overhead. Furthermore, it is hardly for the transmitter to adjust the transmission parameters based on multiple CSI feedback from the receivers. While for unicast, there is a specific link between transmitter and receiver. The CSI can be estimated and fed back to assist transmitter’s parameter adjustment easier. Therefore, CSI feedback is supported at least in unicast. 
· Layer-1 ID: it is possible that a UE can be involved into multiple unicast communications. If the feedback information is transmitted, it needs to differentiate the transmitter and receiver of the feedback information. The Layer-1 ID can be included in feedback channel for that purpose. Furthermore, the Layer-1 ID is also benefit for hidden node issue. 
An illustration is shown in Figure 1. There are two unicast links: UE1 and UE3, UE2 and UE4. UE1 and UE2 are far enough so that they cannot sense each other. If UE1 and UE2 select the same resource for PSSCH, the associated feedback resources are also the same. Therefore, the feedback transmitted by UE4 will interfere UE1’s feedback reception if there is no ID included in feedback channel. UE1 cannot differentiate whether the feedback is from UE3 or UE4. If the Layer-1 source ID (UE4’s ID) or destination ID (UE2’s ID) is included in UE4’s feedback channel, UE1 can differentiate it from UE3’s feedback channel. To reduce the payload size of feedback channel, the Layer-1 ID can be used for CRC scrambling.


[bookmark: _Ref1125275]Figure 1 Illustration of hidden node issue

Proposal 1: The following information can be carried in feedback channel:
· HARQ ACK/NACK
· Long-term measurement
· Channel state information
· Layer-1 source and/or destination ID 

In RAN1 #94bis, it was agreed that SFCI is used to carry feedback information and at least one SFCI format is used to carry HARQ feedback. In RAN1 #95, Physical sidelink feedback channel (PSFCH) was defined and it was supported to convey SFCI for unicast and groupcast via PSFCH. Considering the variable potential feedback information, there is necessary to define multiple SFCI formats to carry different feedback information. The payload size of different SFCI formats can be different. While to reduce the complexity of blind decoding for SFCI, some SFCI formats can have the same payload size by padding. 
Proposal 2: Multiple SFCI formats can be defined to convey different feedback information. The payload size of some SFCI formats can be aligned to reduce blind decoding complexity.
1.2 Feedback channel 
The following options can be considered to convey SFCI on sidelink.
· Dedicate feedback channel - PSFCH
SFCI can be carried in dedicate channel. Latency requirement is very restrict in some cases in NR-V2X, such as the latency requirement can be 3ms. In Rel-15 NR, self-contained feedback is introduced. Similar mechanism can also be applied in NR-V2X. One illustration is shown in Figure 2. 


[bookmark: _Ref1126132]Figure 2 Illustration of self-contained feedback channel
To reduce latency, the feedback channel can be within the same slot as corresponding PSSCH. In this case, only one or two symbols can be used for feedback channel and limit number of feedback information can be carried in feedback channel. For example, a sequence corresponding to ACK or NACK can be transmitted at the last OFDM symbol. The drawback of dedicate feedback channel is that only SFCI with limited payload size can be transmitted. In case of variable SFCI payload size, it will become more complex for the PSFCH channel design. For example, dedicate PSFCH is more suitable for HARQ feedback, not for other feedback information, such as CSI and long-term measurement. Even for HARQ feedback, if CBG-based feedback is supported, that will cause more complexity for the PSFCH design. 
· PSSCH-like feedback channel
PSSCH is benefit to carry feedback information with variable payload size, such as CSI, long-term measurement, etc. The transmission of PSSCH which contains feedback information can follow the procedure of normal PSSCH. Similar as UCI carried on PUSCH in LTE, the feedback information can be carried in PSSCH by rate-matching or puncturing. An associated PSCCH is used to indicate the resource of PSSCH which contains feedback information. 
Proposal 3: The SFCI on sidelink can be carried in PSFCH or PSSCH-like channel
1.3 Transmission resource for feedback channel
In sidelink transmission mode 2, the sidelink transmission resource is determined by UE. If UE1 transmits sidelink data to UE2, UE2 needs to feedback to UE1. The transmission resource for feedback channel can be determined by either data transmitter (TX UE) or data receiver (RX UE). 
· If the transmission resource of feedback channel is determined by TX UE, it can simplify the feedback information detection. While the resource allocated by TX UE may be not suitable for RX UE. For example, the receiver may want to transmit data (not targets to the transmitter) for broadcast on that subframe, that will cause power sharing between data and feedback transmission. Furthermore, the feedback needs to consider the case that the transmitter and the receiver are in different cells, which is shown in the following figure. 


Figure 3 Feedback in case of inter-cell
For the inter-cell case, the resource pool for transmission and reception is configured by network. The sidelink transmission of UE is limited within TX resource pool. The resource pool for reception configured by network should include all of the TX pools of neighbor cells. If there is no coordination among neighbor gNBs, the TX pool of neighbor cells (such as UE2 in gNB2) is not known by the data transmitter (such as UE1 in gNB1). If the feedback resource is indicated by data transmitter, it cannot promise that the feedback resource is within the TX pool of the data receiver. In this case, the data receiver needs to send some assist information to data transmitter to assist the feedback resource allocation by the data transmitter.
· If the transmission resource of feedback channel is determined by RX UE, the receiver can select a suitable resource for feedback transmission, such as by sensing. In groupcast, multiple receivers can select resource for feedback channel independently and separate resource can be selected by each receiver. It is possible that each receiver can feedback HARQ-ACK or HARQ-NACK on different feedback resource. While the latency requirement needs to be known at receiver to assist its resource selection. The latency requirement can be obtained by QoS of associated data, or indicated by transmitter.
Proposal 4:  For SL transmission mode 2, transmission resource of feedback channel can be determined by either data transmitter or data receiver. 
1.4 Feedback mechanism in mode 1
In sidelink transmission mode 1, the sidelink transmission resource, including the resource for both data transmission and feedback transmission, is scheduled by base station. The feedback information which indicates the detection status of sidelink data transmission needs to be transmitted to network to assist gNB’s scheduling. 
· Feedback from UE to network
It was agreed in last RAN1 meeting [1]:
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

If TX UE and RX UE are in different cells, or the RX UE is out of coverage, it is naturally that the TX UE sends the sidelink feedback information to gNB, which is shown in Figure 4(a). If TX UE and RX UE in the same cell, it is beneficial for latency reduction if RX UE can sends feedback information to gNB directly. This is very important for latency critical service.
Proposal 5: Either TX UE or RX UE sends feedback information to gNB can be supported. 


[bookmark: _Ref1034425][bookmark: _Ref1034421]Figure 4 Feedback from UE to gNB

· Feedback resource over sidelink
If TX UE (UE1) and RX UE (UE2) are in the same cell, the base station can allocate transmission resource for both data and feedback resource for UE1 and UE2 separately. 


Figure 5 For mode 1 in intra-cell case, feedback resource determined by gNB
If UE1 and UE2 are in different cells, the transmission resource for feedback channel can be determined by UE1’s base station. In that case, UE1’s base station allocates transmission resource of feedback channel and transmits the resource allocation to UE1 who forwards it to UE2 on SL. Another way is that the feedback resource can be implicitly determined by the transmission resource of PSSCH. If gNB allocates the resource for PSSCH, the feedback resource is also determined. In that case, gNB does not need to allocate the resource for feedback channel and UE1 does not need to forward it to UE2. While considering possible different transmission resource pool configured in UE1’s cell and UE2’s cell, UE2 needs to transmit assistance information, such as its transmission resource pool and/or reception resource pool, to UE1’s base station through UE1’s relay to assist UE1’s base station’s resource allocation.  
Proposal 6: In SL transmission mode 1, the transmission resource of feedback channel is determined by the data transmitter’s base station or implicitly determined by the transmission resource of PSSCH. 



Figure 6 For mode 1 in inter-cell case, feedback resource determined by data transmitter’s base station
1.5 Feedback mechanism for groupcast
Feedback for groupcast was discussed and a working assumption was achieved in last RAN1 meeting [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

[bookmark: OLE_LINK2]Option 1 implies that the same feedback resource is shared among multiple UEs who wants to transmit HARQ-NACK. This option is more suitable for connection-less groupcast in which case the transmitter may not know who and how many UEs are within the same group. One potential issue of this option is it cannot differentiate DTX from HARQ-ACK. A UE who cannot decode PSCCH correctly will not send HARQ-NACK and will be seen as HARQ-ACK. Considering the high reliability requirement (up to 99.999%) of NR-V2X, HARQ-NACK feedback only mechanism is hardly to fulfill the requirement since its performance is limited by PSCCH detection performance. Furthermore, if CBG-based HARQ feedback in introduced in NR-V2X, such mechanism cannot be applied for option 1. Two separate feedback mechanism for CBG-based and non-CBG-based cases are needed, which will cause additional specification effort. 
An alternative solution to support connection-less groupcast is that the feedback can be disabled and N re-transmissions can be applied by the TX UE. The number of re-transmissions can determine the reliability which can be associated to the QoS of service.
For option 2, each UE feedback HARQ ACK or NACK based on decoding status. This option is more suitable for connection-based groupcast in which case the transmitter can know who and how many UEs are within the same group. The data transmitter can determine whether and who has received data correctly, and determine whether to do retransmission, based on the feedback channel from all UEs. The data transmitter can determine that all UEs have received correctly only if it can receive ACK from all of them. If only less number of UE cannot receive correctly, the data transmitter can adjust the transmission parameter, such as MCS or transmission power, according to the channel state between transmitter and the specific receiver to improve the reliability. The feedback resource can be autonomously selected by each receiver UE so that the resource collision among multiple UEs can be avoided. 
Proposal 7: 
· For connection-based groupcast, option 2 is preferred. 
· For connection-less groupcast, feedback can be disabled and N re-transmissions can be applied by TX UE.
1.6 CBG-based transmission in NR-V2X
In Rel-15 NR, CBG-based HARQ feedback and re-transmission was introduced to improve resource efficiency. This mechanism can also be applied in NR-V2X sidelink. According to the requirements for NR-V2X, the maximum payload size is about 10000 bytes. If TB-based feedback and re-transmission is applied, that will cause resource in-efficiency. If CBG-based re-transmission is applied, only the CBG which is not received correctly can be re-transmitted.
Proposal 8: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
ID conveyed via PSCCH
It was agreed that the layer-1 destination ID and source ID are conveyed via PSCCH. It needs FFS how to determine Layer-1 source/destination ID and the size of Layer-1 source/destination ID.
· How to determine Layer-1 source and destination ID
According to the description of unicast/groupcast procedure in [3], the Layer-2 source and destination ID are generated at V2X layer and passed down to AS layer. The Layer-1 ID can be generated based on Layer-2 ID. For example, full or part of Layer-2 ID is used as Layer-1 ID. 
· The size of Layer-1 source and destination ID
Considering HARQ feedback is introduced in NR-V2X, the full Layer-1 destination ID should be included in SCI. if only part of Layer-1 destination ID is included in SCI, a UE, who has the same partial destination ID as the target receiver, will detect and PSSCH by mistake. Furthermore, if the PSSCH cannot be decoded correctly, it will generate NACK to the transmitter since the MAC layer cannot extract other information, such as the rest part of Layer-1 destination ID from PSSCH. That will cause mistake to the HARQ procedure. 
Similar issue applies to Layer-1 source ID. If only part of Layer-1 source ID is included in SCI, the receiver who can detect PSCCH correctly but not for PSSCH, it cannot obtain the full Layer-1 source ID. If its feedback is based on partial Layer-1 source ID, it can be received by a UE which has the same partial source ID as the target receiver by mistake. 
· If the feedback resource is determined by the PSSCH resource, the probability that two UEs with same partial Layer-1 ID and selecting the same PSSCH resource is very low. The issue caused by the ambiguous ID can be omitted. 
· If the feedback resource is autonomously selected by the receiver UE, the transmitter UE does not know the resource in advance and need to do blind detection. In that case, the ambiguous ID may cause mistake to the HARQ procedure. 
Proposal 9: Full Layer-1 source and destination ID should be included in SCI.
Power control of NR-V2X
It was agreed to support open-loop power control. While for the in-coverage UE, there are possible two kinds of pathloss: one is based on the pathloss between UE and gNB, the other is based on the pathloss between TX UE and RX UE.


Figure 7 Illustration of two kinds of pathloss

The UE can calculate the first transmission power based on the 1st pathloss, and second transmission power based on the 2nd pathloss. How does the UE determine the transmission power can be based on gNB’s configuration or based on the QoS of sidelink data.
For example, if gNB wants to protect the performance of UL reception, it can indicate UE to follow the transmission power based on the 1st pathloss. Alternatively, considering the V2X service is safety related, the performance of sidelink transmission may be more important. Then a threshold can be configured by gNB. If the QoS of sidelink data is higher than the threshold, the transmission power can be calculated based on 2nd pathloss, else it is based on 1st pathloss.  
Proposal 10: It is configurable whether the open-loop power control is based on the pathloss between UE and gNB or between TX UE and RX UE.
If the open-loop power control is based on the pathloss between TX UE and RX UE, the pathloss should be available at TX UE. It was agreed to support long-term measurement of sidelink signal. The measurement can be done at RX UE and sent back to TX UE so that TX UE can obtain the pathloss. 
Proposal 11: Long-term measurement of sidelink signal can be feedback from RX UE to TX UE to assist open-loop power control.
Close-loop power control is not supported at least in Rel-16 NR-V2X since it will affect the sensing procedure. It can be studied combined with enhanced sensing procedure in later release.
Multiple antenna transmission in NR-V2X
Multiple antenna transmission can be used to improve reliability (transmission diversity) and capacity (spatial multiplexing). Transmission diversity was discussed in Rel-15 eV2X, while only transparent diversity scheme (SD-CDD) was introduced. Other diversity schemes, such as SFBC, STBC etc, can be considered in NR-V2X.
If CSI/PMI can be fed back to transmitter, multi-layer transmission can be applied to improve capacity. 
Proposal 12: Transmission diversity can be supported in Rel-16 NR-V2X. Whether to support multiple layer transmission needs FFS. 
The field trial results of mmWave in [4] show that even with wide beam antenna, the RSRP performance is significantly above noise floor. Therefore, the mechanism studied in FR1 can also be applied to FR2. Further enhancement of FR2, such as introducing beamforming procedure in FR2, can be left for later release. 
Proposal 13: It is not necessary to introduce beamforming procedure in Rel-16 NR-V2X.
Conclusion
In this contribution, the techniques to support sidelink feedback, power control and multiple antenna transmission  are discussed. The following proposals are given to summarize our view.
Proposal 1: The following information can be carried in feedback channel:
· HARQ ACK/NACK
· Long-term measurement
· Channel state information
· Layer-1 source and/or destination ID 
Proposal 2: Multiple SFCI formats can be defined to convey different feedback information. The payload size of some SFCI formats can be aligned to reduce blind decoding complexity.
Proposal 3: The SFCI on sidelink can be carried in PSFCH or PSSCH-like channel
Proposal 4:  For SL transmission mode 2, transmission resource of feedback channel can be determined by either data transmitter or data receiver. 
Proposal 5: Either TX UE or RX UE sends feedback information to gNB can be supported. 
Proposal 6: In SL transmission mode 1, the transmission resource of feedback channel is determined by the data transmitter’s base station or implicitly determined by the transmission resource of PSSCH. 
Proposal 7: 
· For connection-based groupcast, option 2 is preferred. 
· For connection-less groupcast, feedback can be disabled and N re-transmissions can be applied by TX UE.
Proposal 8: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
Proposal 9: Full Layer-1 source and destination ID should be included in SCI.
Proposal 10: It is configurable whether the open-loop power control is based on the pathloss between UE and gNB or between TX UE and RX UE.
Proposal 11: Long-term measurement of sidelink signal can be feedback from RX UE to TX UE to assist open-loop power control.
Proposal 12: Transmission diversity can be supported in Rel-16 NR-V2X. Whether to support multiple layer transmission needs FFS. 
Proposal 13: It is not necessary to introduce beamforming procedure in Rel-16 NR-V2X.
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