	
3GPP TSG RAN WG1 #97		                                                  R1-1906516
Reno, USA, May 13th – 17th, 2019

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on HARQ feedback for NR V2X
Agenda item:	7.2.4.5
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
In RAN1 #96 meeting, the following agreements are made for NR V2X HARQ feedback [1]:
Agreements:
· [bookmark: _Hlk4426260](Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

In RAN1 #96bis meeting, the following agreement about PSFCH resource allocation are made [2]:
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
In this contribution, the resource allocation of PSFCH and security issue of HARQ feedback will be discussed.
2. PSFCH resource allocation and indication 
In this section, the resource allocation and indication of PSFCH are discussed. 
In NR Uu, maximum four PUCCH resource sets are pre-configured by RRC signalling. The UCI payload size is used to determine which PUCCH resource set index and DCI is used to indicate the PUCCH resource index. In NR sidelink, it was agreed that the HARQ timing is pre-configured and the periodicity of PSFCH resource is one slot or more than one slots.
The remaining issue is the PSFCH resource allocation, there are two options of multiplexing of PSCCH/PSSCH and PSFCH in one slot: TDM or FDM as in Figure 1. Compared with these two options, at least TDM should be supported in NR sidelink which considering the issue of simultaneous PSCCH/PSSCH transmission and PSFCH reception. Assuming the pre-configured HARQ timing is 2 slots, as in Figure 1(A), one UE can transmit PSCCH/PSSCH and receive PSFCH in the same slot and the PSCCH/PSSCH transmission occasion can be occurred in each slot. But in Figure 1(B), because one UE can not transmit PSCCH/PSSCH and receive PSFCH in the same slot, PSCCH/PSSCH and PSFCH must use different slots which reducing the opportunity of PSSCH transmission.


Figure 1. Multiplexing of PSCCH/PSSCH and PSFCH in one slot

Proposal 1: TDM of PSCCH/PSSCH resource and PSFCH resource in one slot should be supported.

Another issue is the PSFCH resource indication. There are three options to indicate PSFCH resource corresponding to one PSSCH:
· Option 1 is explicit indication which the PSFCH resource index is indicated in the SCI;
· Option 2 is implicit indication which the PSFCH resource has a mapping rule with PSCCH/PSSCH resource without SCI indication;
· Option 3 is the combination of option 1 and option 2 which the candidate PSFCH resources has a mapping rule with PSCCH/PSSCH resource and SCI indicates the used PSFCH resource.
Compared with three options, the SCI overhead can not be guaranteed in option 1 which the field size will increase with the increase of number of PSFCH resources in the PSFCH resource pool. Besides, transmitting UE should both sense the PSCCH/PSSCH resource and PSFCH resource which causes the sensing procedure is much complicated.
In option 2 and option 3, the PSFCH resources has a mapping rule with PSCCH/PSSCH resource which can reduce the SCI payload size and don’t need the sensing of PSFCH resources. For example, a mapping rule of PSCCH/PSSCH resource and PSFCH resource is illustrated in Figure 2, which one PSSCH resource candidate has a fixed associated PSFCH resource candidate. But one PSSCH resource candidate can has different sub-bands or PRBs with one PSFCH resource candidate due to the channel design and sidelink resource pool configuration. If one transmitted PSCCH/PSSCH occupies multiple PSSCH resource candidates, the associated multiple PSFCH resource candidates are all reserved and the other HRAQ feedback can not occupy this reserved PSFCH resource candidates. For example in Figure 2, the PSCCH/PSSCH resources transmitted by UE 1 is larger than UE 2, and the associated PSFCH resources reserved by UE 1 is also larger than UE 2. In this case, for both option 2 and option 3, the PSFCH resource collision probability is the same with PSCCH/PSSCH resource because the fixed mapping rule between PSCCH/PSSCH and PSFCH.


Figure 2. Resource mapping rule between PSCCH/PSSCH and PSFCH
Another detailed solution based on option 2 and option 3 is the further selection of PSFCH resource in the multiple PSFCH resource candidates as in Figure 3. In option 2, receiving UE could random select one PSFCH resource from the multiple PSFCH resource candidates. In option 3, transmitting UE could random select one PSFCH resource from the multiple PSFCH resource candidates and indicate the PSFCH resource in SCI. In option 2 and option 3, receiving/ transmitting UE random selects PSFCH resource can further decreases the PSFCH resource collision probability even though the same PSCCH/PSSCH resource are selected by different PSSCH transmitting UEs. In option 2, transmitting UE will blind decodes all possible PSFCH resource candidates. In option 3, the SCI payload will be a little larger than option 2 but without the blind decoding of PSFCH resource candidates.
Furthermore, this implicit mapping rule between PSCCH/PSSCH and PSFCH and the random selection scheme from PSFCH resource candidates can also assist the PSSCH resource sensing and resource re-selection procedure, as discussed in our company contribution [3]. Transmitting UE can measure the RSRP or RSSI of PSFCH resource candidates, if the measurement results are larger than a threshold which means the PSFCH resources and the associated PSSCH resources are conflicted, transmitting UE can exclude the conflicted PSSCH resources from the sensing resource set or triggering resource re-selection. 


Figure 3. PSFCH resource selection in multiple PSFCH resource candidates
Proposal 2: Implicit resource mapping of PSCCH/PSSCH and PSFCH candidate should be supported in NR sidelink.
Proposal 3: Receiving UE random selects the PSFCH resource from the PSFCH resource candidates or transmitting UE indicate the PSFCH resource from the PSFCH resource candidates through SCI can be further studied.
3. Security of sidelink HARQ feedback
In this section the security issue of HARQ feedback is discussed. 
Considering if SCI is broadcast and can be monitored by any user within the communication range, illegal users can obtain the resource allocation information for PSSCH and hence may obtain the resource used for PSFCH. Then SFCI will be forged and further lead to false reception or unneeded retransmissions, which will impact security of V2X service. Therefore, the issue of forged SFCI needs to be considered. 
Proposal 4: The issue of forged SFCI needs to be considered for ensuring security.

For uplink/downlink transmissions, the DCI’s CRC or data is scrambled by UE specific RNTI related information and hence illegal users can not forge the corresponding transmission or HARQ-ACK. Similarly, the PSFCH can convey the Tx-Rx specific ID to cover sidelink HARQ feedback for ensuring security. It is worth noted that the Tx-Rx specific ID can only be known to the transmitter and receiver, therefore illegal users cannot obtain the Tx-Rx specific ID, and furthermore illegal users cannot forge the specific HARQ-ACK transmission. Where the Tx-Rx specific ID could be obtained by high layer or upper layer. Specifically, the following options can be considered to cover sidelink HARQ feedback:
· The Tx-Rx specific ID can be used to generate DMRS sequence for PSFCH;
· If SFCI is encoded, the Tx-Rx specific ID can be used to scramble the SFCI’s CRC or SFCI’s data. Alternatively, the Tx-Rx specific ID and SFCI can be jointly encoded;
· If SFCI in conveyed by sequence, the Tx-Rx specific ID can be used to determine the sequence related information, i.e. cyclic shift.
If the frequency resource of PSFCH is explicitly indicated by SCI, it is intuitively to scramble the PSFCH resource allocation field by the Tx-Rx specific ID. That is, the SCI will be divided into two parts: the first part which contains the PSSCH resource allocation field, the destination ID etc., and the second part including the PSFCH resource allocation field scrambled by the Tx-Rx specific ID. As a result, illegal users cannot obtain exact PSFCH resource, and furthermore illegal users cannot forge the specific HARQ-ACK transmission on exact PSFCH resource.
Proposal 5: Tx-Rx specific ID should be conveyed via PSFCH/SFCI, the following options can be further considered:
· Option 1: the Tx-Rx specific ID can be used to scramble the SFCI’s CRC or SFCI’s data;
· Option 2: the Tx-Rx specific ID and SFCI can be jointly encoded;
· Option 3: the Tx-Rx specific ID can be used to determine the SFCI’s sequence;
· Option 4: the Tx-Rx specific ID can be used to generate DMRS sequence for PSFCH.
Proposal 6: The SFCI resource allocation field in SCI can be scrambled by Tx-Rx specific ID.
4. Conclusions
In this contribution, the sidelink HARQ feedback is discussed, and the following proposals are made:
Proposal 1: TDM of PSCCH/PSSCH resource and PSFCH resource in one slot should be supported.
Proposal 2: Implicit resource mapping of PSCCH/PSSCH and PSFCH should be supported in NR sidelink.
Proposal 3: Receiving UE random selects the PSFCH resource from the PSFCH resource candidates or transmitting UE indicate the PSFCH resource from the PSFCH resource candidates through SCI can be further studied.
Proposal 4: The issue of forged SFCI needs to be considered for ensuring security.
Proposal 5: Tx-Rx specific ID should be conveyed via PSFCH/SFCI, the following options can be further considered:
· Option 1: the Tx-Rx specific ID can be used to scramble the SFCI’s CRC or SFCI’s data;
· Option 2: the Tx-Rx specific ID and SFCI can be jointly encoded;
· Option 3: the Tx-Rx specific ID can be used to determine the SFCI’s sequence;
· Option 4: the Tx-Rx specific ID can be used to generate DMRS sequence for PSFCH.
Proposal 6: The SFCI resource allocation field in SCI can be scrambled by Tx-Rx specific ID.
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