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Introduction
NR-V2X SI was approved in the RAN#80 meeting [1], in the last RAN1 meeting, issues related to physical layer procedures were discussed with following agreements [2]:

Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.

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

In this contribution, we discuss and give our views on HARQ feedback, layer-1 ID(s), SFCI feedback, PSFCH design, power control and other physical layer procedures.

Discussion
HARQ feedback
HARQ feedback can increase the reliability and resource efficiency for unicast on sidelink. In exiting Uu HARQ feedback behavior, the transmitter and receiver are one-to-one associated, i.e. for each transmission, there is at most one receiver, and at most one resource for HARQ feedback is needed. As to groupcast, multiple receivers need to feedback HARQ-ACK information, 2 options are agreed last meeting for HARQ feedback in groupcast.

In Option 1 a receiver UE only transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB, and transmit no signal otherwise. This option can minimize PSFCH transmissions, and it allows multiple receiver UEs in the group using same PSFCH resource, and hence it is beneficial to reduce interference and congestion level on sidelink carrier. However, this option cannot identify some receivers that missed the PSCCH (which will not feedback either NACK or ACK), and this can eventually degrade reliability of PSSCH. 

There can be 2 sub-options for Option 2:

· Option 2-1: Two PSFCH resources, one receiver transmits a HARQ-ACK on one resource if it successfully decodes the corresponding TB, and transmit HARQ-NACK on the other resource if it fails to decode the corresponding TB after decoding the associated PSCCH;

· Option 2-2: dedicated resource for each receiver, one receiver transmits HARQ-ACK or HARQ-NACK according to decoding result of the corresponding TB;

Option 2-1 has similar advantage and same issue (cannot identify DTX receivers) as Option 1. To ensure the reliability, Option 2-2 should be considered for groupcast HARQ feedback. When the number of receivers in a groupcast session is large, the HARQ feedback functionality can be disabled to reduce the feedback resource overhead.

Proposal 1: 
· [bookmark: _GoBack]Use dedicated HARQ feedback resource for each receiver in groupcast.
Layer-1 ID (s)
In RAN1#94bis it was agreed that Layer-1 destination ID is conveyed via PSCCH, FFS other layer-1 ID(s) [3]. HARQ process ID should be including in the SCI to enable combination at the receiver. In case of one UE can have more than one unicast or groupcast sessions, as shown in Figure 1, additional Layer-1 ID is needed to identify different unicast/groupcast links.  However, it is questionable if Source ID can be used for this purpose before the size of layer-1 source ID is decided. Since the Source ID used in layer-1 may be a portion (e.g. some LSBs) of Source ID provided by higher layer, if the size of the layer-1 source ID is small, the possibility of source ID collision (i.e. multiple transmitters using same Layer-1 source ID) may be not trivial. 


Figure 1 One receiver having 2 unicast links simultaneously
Proposal 2: 
· HARQ process ID should be conveyed via PSCCH;
· FFS if layer-1 source ID should be conveyed via PSCCH for unicast/groupcast link identification.

Sidelink CSI 
CQI can reflect the channel condition between transmitter and receiver as well as the interference level at the receiver, this information is necessary for link adaption.  As interference level at the transmitter and receiver may be independent, CQI feedback (rather than estimated based on reciprocity) for sidelink is desirable to be supported for both sidelink unicast and groupcast. In order to track the fast varying channel, CQI should be considered as one part of SFCI and to be conveyed via PSFCH. PMI and RI are necessary for support of spatial multiplexing, to manage the unicast/groupcast link, RSRP is also useful, however, these information are possible to be estimated based on channel reciprocity.
Proposal 3: 
· Sidelink CQI feedback should be support for unicast and groupcast on NR sidelink.
Open loop and/or closed-loop power control
In LTE V2X, transmission power of a UE may be subject to open loop power control mechanisms with power control parameters configured by eNB or pre-configured. In the mechanism, the pathloss between the UE and the eNB (rather than the pathloss on sidelink) is used to calculate the transmission power, which is helpful to control the interference to cellular uplink reception. As NR V2X is possible to coexist with Uu in same carrier or adjacent carriers, such power control mechanism can be reused in NR V2X. 

However, this power control mechanism has not taken link budget of a sidelink into consideration, and cannot guarantee optimal sidelink transmission power. E.g. in some unicast and groupcast use cases, the transmitter and receiver may be very close to each other, lower transmission power may suffice for reliable reception, higher transmission power may cause more serious interference and impair the entire system. Hence, the receiving UE should be able to further control the power of transmitting UE such that the transmission power can be adapted to the sidelink status. In particular, the receiving UE can provide open loop power control parameters semi-statically to the transmitting UE to set the basic transmission power, and adjust the transmission power dynamically via power control command. 
Proposal 4: 
· Open loop power control mechanism in LTE V2X should be reused for NR V2X;
· Define a sidelink power control mechanism to enable the receiving UE to control the power of transmitting UE. 
SFCI feedback
In addition to HARQ-ACK information, more SFCI formats are necessary to also include CQI, power control command, etc.

The physical resource for the sidelink feedback channel can be on sidelink via PSFCH. In this case, the PSFCH resource can be one-to-one associated with a PSCCH resource, i.e. after a UE transmits a PSCCH on one slot, it should monitor the corresponding physical resource for HARQ-ACK and other feedback information. The PSFCH resource and the PSCCH resource should be allocated/selected as a whole in mode 1/2.  

In NR Uu up to 5 PUCCH formats are defined to accommodate UCI feedback with different latency, coverage, and capacity requirements. As the functionality of PSFCH is very similar as PUCCH, and PSFCH may also need to convey different SFCI size or support low latency SFCI feedback, it is desirable that PSFCH can have the same flexibility as PUCCH.  However, sidelink reception at the receiver UE is based on the AGC settled at the first symbol of a slot, if PSFCH is started or stopped at the middle of a slot, additional time for AGC settling is needed. To avoid the issue and meanwhile guarantee the flexibility of PSFCH, a short PSFCH with repetition to occupy the whole slot can be considered (as shown in Figure 2).



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2 Repeat PSFCH to occupy the whole slot to avoid additional AGC settling
If both the transmitter and the receiver are in coverage and RRC connected state, SFCI can be directly fed back to the base station via uplink channel, as shown in Figure 3. Comparing to feeding back SFCI via PSFCH, this way can mitigate the half duplex constraints and resource overhead on sidelink. Furthermore, in case of mode 1, as the base station can get the SFCI feedback earlier, the RTT for sidelink scheduling can be reduced.  The cost is that the number of RRC connections in a cell may increase. 



Figure 3 feedback SFCI directly to base station via uplink channel
Proposal 5: 
· Flexible PSFCH duration should be supported in NR V2X;
· NR sidelink should support SFCI feedback directly to the scheduling base station via uplink channel.

Link adaptation
As discussed above, sidelink CSI can be fed back either to the base station or the transmitter, link adaption can be performed by base station or transmitter respectively. Just as Uu and LTE sidelink, link adaption behavior can be up to base station or UE, specification seems not necessary. 
Proposal 6: 
· There is no need to specify link adaption behaviour for sidelink.
Multi-antenna transmission scheme
Transmission diversity was discussed in Rel-15 LTE V2X, it was justified that transmission diversity schemes, e.g. SFBC, can improve the reliability of sidelink. Hence, for NR V2X broadcast, it is desirable to introduce transmission diversity. As to NR V2X unicast/broadcast, spatial multiplexing schemes can be supported to improve the data rate on sidelink.
Proposal 7: 
· Support transmission diversity for NR V2X broadcast, and support spatial multiplexing for NR V2X unicast/groupcast.

Conclusion
In this contributions, we discussed the issues related to physical layer procedures, we have following proposals:

Proposal 1: 
· Use dedicated HARQ feedback resource for each receiver in groupcast.

Proposal 2: 
· HARQ process ID should be conveyed via PSCCH;
· FFS if layer-1 source ID should be conveyed via PSCCH for unicast/groupcast link identification.
Proposal 3: 
· Sidelink CQI feedback should be support for unicast and groupcast on NR sidelink.
Proposal 4: 
· Open loop power control mechanism in LTE V2X should be reused for NR V2X;
· Define a sidelink power control mechanism to enable the receiving UE to control the power of transmitting UE.
Proposal 5: 
· Flexible PSFCH duration should be supported in NR V2X;
· NR sidelink should support SFCI feedback directly to the scheduling base station via uplink channel.
Proposal 6: 
· There is no need to specify link adaption behaviour for sidelink.
Proposal 7: 
· Support transmission diversity for NR V2X broadcast, and support spatial multiplexing for NR V2X unicast/groupcast.
References
[1]. [bookmark: _Ref521069630]RP-181429, New SID: Study on NR V2X;
[2]. [bookmark: _Ref525032988]Chairman's Notes RAN1#95;
[3]. [bookmark: _Ref534823951]Chairman's Notes RAN1#94bis;
Page 3/5

image2.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

AGC

Gap

PSFCH initial Tx PSFCH repeat 1 PSFCH repeat 3 PSFCH repeat 2


Microsoft_Visio___1.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
AGC









Gap



PSFCH initial Tx
PSFCH repeat 1
PSFCH repeat 3
PSFCH repeat 2



image3.emf
Base Station

Transmitter Receiver

PSCCH and PSSCH


Microsoft_Visio___2.vsdx
Sidelink DCI
Base Station
Transmitter
Receiver
PSCCH and PSSCH
SFCI on PUCCH or PUSCH



image1.emf
Transmitter A

Receiver

Transmitter B


Microsoft_Visio___.vsdx
Transmitter A
Receiver
Link A
Transmitter B
Link B



