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1. [bookmark: _Toc120549591]Introduction
At last RAN1 #94 bis meeting, agreements about NR V2X sidelink HARQ feedback and CSI acquisition were agreed as the following [1], 
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario
Agreements about NR V2X sidelink resource pool design was also agreed as the following [1], 
Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text

In last meeting, the general channel and resource pool design was discussed in our company contribution [2]. In this contribution, the possible CSI feedback information in different scenarios, the HARQ and CSI feedback channel indication scheme and resource pool design will be discussed. 
2. CSI feedback information
In this section, context of CSI information and possible use case will be discussed.
In NR Uu, different CSI contexts can be reported by UE such as CQI, PMI, RI for MCS selection and transmission scheme configuration, SRI, CRI for beam management. In NR sidelink, consider the overhead of measurement RS and feedback channel resource and the absence of higher layer signalling, the CSI feedback framework and context should be limited to reduce the NR V2X UE complexity. For example, multiple RS can be the measurement resource in NR Uu, such as SSB, CSI-RS and the resource allocation of measurement resource is per UE configured. The measurement resource is transmitted by gNB which the resource overhead is not a big problem. In addition, different CSI report triggering signalling including higher layer message and DCI are used for different CSI reports in NR Uu. Compared with NR Uu, NR sidelink is a flat structure, CSI report is from UE to UE. And considering lack of wideband and centralized RS, the sidelink CSI feedback framework and CSI contexts should be simplified..
Therefore, some possible useful CSI contexts in some scenarios can be supported in NR sidelink as the following:
RSRP/RSRQ:
The RSRP/RSRQ report can be used in resource allocation Mode 2(b) to assist other UEs as discussed in our companion contribution [3]. Another RSRP/RSRQ report scenario is the groupcast transmission in which a Tx UE transmits data to a group of Rx UEs. Due to the different channel conditions and locations of the group UEs, the pathloss of sidelinks between the Tx UE to Rx UEs are different. In order to make all the Rx UEs in the group could decode the groupcast data successfully, the Tx UE should use suitable resource to carry the data. In this way, the RSRP/RSRQ report from some or all of the group UEs can assist the Tx UE make a better scheduling decision.
CQI:
In LTE sidelink, there is no CQI report and the data is transmitted in a broadcast way which the MCS selection can not be adjusted to channel condition in real time which causes the spectrum efficiency is limited. In NR sidelink, the unicast transmission is supported and the CQI report from receiver UE is beneficial to improve the transmission efficiency which should be supported in NR sidelink. Comparing with RSRP/RSRQ, the CQI could be acquired based on PSSCH/PSSCH sent to the receiver, and the CQI report is mainly used for fast adjusting MCS of the unicast sidelink. However, RSRP/RSRQ could be acquired based on any PSSCH/PSSCH sent to any UEs, and the CQI report is mainly used for resource selection.
PMI, RI:
In NR Uu, up to 4-layer uplink transmission and 8-layer downlink transmission are supported. The report of PMI and RI is used to assist MIMO configuration. In LTE sidelink, only small delay CDD is supported as the transmission scheme. Straightforward, open loop transmission schemes without the feedback of PMI and RI such as SFBC, CDD and precoder cycling can be used in NR sidelink as well. Furthermore, channel reciprocity on sidelink could also be used to acquired transmission precoder and layer number. The gain of PMI and RI report need to be further studied.
SRI, CRI:
SRI and CRI is used for beam management especially in FR2 for NR Uu. Number of Tx/Rx antenna elements for vehicle UE in FR2 is not clear now. The support of SRI or CRI can be studied with the discussion of multi-beam in NR sidelink.
Therefore, at least RSRP/RSRQ and CQI should be supported in NR sidelink, and the PMI, RI, SRI and CRI can be further studied with the discussion of MIMO transmission scheme.
Proposal 1: At least RSRP/RSRQ and CQI should be supported in NR sidelink. Other CSI contexts can be further studied.
3. Channel design for HARQ and CSI feedback
In this section, the channel design of HARQ and CSI feedback will be discussed.
As the agreement of last meeting, sidelink HARQ feedback is supported in NR V2X. In addition, some CSI information should also be supported in NR V2X to improve the spectrum efficiency of sidelink transmission as the discussion in section 2. One issue of HARQ and CSI feedback is the physical channel design and resource determination. 
Different to LTE Uu or NR Uu which the HARQ and CSI feedback is from UE to eNB/gNB using PUCCH or PUSCH, the HARQ and CSI feedback in NR sidelink is from vehicle UE to another vehicle UE. That is one vehicle is operating in transmitter mode when transmitting unicast or groupcast data to other vehicles and in receiver mode when monitoring the HARQ and CSI feedback from other vehicles. This is similar to the current PSCCH/PSSCH procedure in LTE V2X or NR V2X in which a vehicle monitors PSCCH/PSSCH in the resource pool as a receiver and transmit broadcast data as a transmitter.
Therefore, it is possible to minimise the number of sidelink physical channel format to reduce UE complexity. The transmission of SL-SCH SA/data (broadcast/groupcast/unicast) and HARQ and CSI feedback can use the same physical channel such as PSCCH or PSSCH. That means a vehicle could monitor other vehicles’ data, HARQ and CSI feedback in the same physical channel. 
Proposal 2: PSCCH/PSSCH should be used for transmitting HARQ/CSI feedback.
Some CSI information such as RSRP/RSRQ and CQI is needed in NR sidelink which can be conveyed in SFCI as well. However, UE may feedback HARQ-ACK and CSI information simultaneously. If the HARQ-ACK and CSI is transmitted in SFCI independently, the PSCCH/PSSCH resource overhead will be very large. Therefore, different SCFI content such as HARQ-ACK and CSI information should be multiplexed in one channel to reduce the resource overhead.
Furthermore, because that one SFCI may contain different payload sizes, different SCFI formats should also be supported. Which SFCI format and even whether PSCCH or PSSCH will be used to carry HARQ and/or CSI depends on the payload size of PSCCH and the number of bits of SFCI. For example, if number of bits of feedback is small to convey HARQ-ACK information, e.g. ≤2, an enhanced PSCCH format with OCC could be considered, which is similar with PUCCH format 1. If number of bits of feedback is medium to convey CSI information or multiplex HARQ-ACK and CSI, e.g. 3~40, PSCCH format similar with for SCI could be reused. If number of bits of feedback is large, e.g. >40, PSSCH could be used.
Proposal 3: HARQ-ACK and CSI can be multiplexed on a single PSCCH or PSSCH.
Proposal 4: Different SFCI formats can be supported to convey different payload sizes and SFCI can also piggyback on PSSCH.
Another issue is the feedback resource determination for receiver UE to transmit HARQ-ACK and CSI information. In LTE Uu or NR Uu, the PUCCH resource is indicated by first CCE of PDCCH or by DCI directly and the PUCCH resource sets are configured by higher layer. In sidelink communication, the determination of feedback resource for receiver UE can be further studied on the following options:
[bookmark: _GoBack]
Option 1: Determined by PSCCH/PSSCH resource of transmitter UE and/or indicated by SCI
In this method, the feedback resource is implicitly indicated by PSCCH/PSSCH resource and/or explicitly indicated in SCI. For implicit indication, the resource association between feedback resource and PSCCH or PSSCH for SL-SCH data transmission is configured by RRC signalling or pre-configured. That is to say, there is certain one to one mapping between feedback resource and PSCCH or PSSCH resource which receiver UE can determine the feedback resource according to the transmitter PSCCH or PSSCH resource without any signalling. In another way, multiple feedback resources could be configured by RRC signalling and the feedback resource can be further indicated in SCI directly which is similar to NR Uu.
Option 2: Receiver UE autonomously selects PSCCH/PSSCH resource
In this method, the feedback resource is autonomously selected by receiver UE similar to Mode 2 sidelink resource allocation. That is the resource determination method of SL-SCH data transmission and SFCI feedback is the same in Mode 2. In fact, if SFCI is carried by PSCCH/PSSCH, resource selection mechanism of PSCCH/PSSCH could be reused.
Option 3: Combination of Option 1 and Option 2
In option 1, the feedback resource is certain according to the transmitter PSCCH or PSSCH resource or SCI. One problem is that the feedback resource may be conflicted especially for the method of indicated by SCI, because there is no interactive information between different transmitter UEs. In addition, without the RRC configured of multiple feedback resources, e.g. in case of out-of-coverage, the flexibility of option 1 will be limited. In option 2, receiver UE autonomously selects the feedback resource with large resource selection flexibility. However, transmitter UE should detect all the possible feedback resource to receive the feedback information and the detection complexity is a possible issue. Therefore, a combination of option 1 and option 2 can be used, which means a number of candidate feedback resources can be indicated by transmitter resource or SCI and receiver UE can autonomously select one resource from the candidates. The combination of option 1 and option 2 can increase the flexibility of feedback resource determination and reduce the detection overhead for transmitter UE.
Proposal 5: The determination of PSCCH/PSSCH resource for receiver UE to feedback HARQ-ACK or CSI and be further studied as the following options:
· Option 1: Determined by PSCCH/PSSCH resource of transmitter UE or indicated by SCI.
· Option 2: Receiver UE autonomously selects PSCCH/PSSCH resource.
· Option 3: Combination of Option 1 and Option 2.
4. Resource pool design for HARQ and CSI feedback
In this section, resource pool to convey HARQ-ACK and CSI information will be discussed.
In last meeting, resource pool is supported in NR sidelink and multiple resource pools can also be configured to a single UE. As the discussion in section 3, PSCCH and/or PSSCH can be used to convey HARQ and CSI feedback, one unique resource pool for SFCI can be supported in NR sidelink. 
To reduce the physical layer complexity, the baseline design framework is the same for two resource pools which one is for SL-SCH transmission and one is for HARQ and CSI feedback. Sub-channel based resource pool determination can be the starting point. Considering the payload of HARQ and CSI feedback is smaller than SL-SCH, the sub channel size for HARQ and CSI feedback resource pool can be different to SL-SCH transmission resource pool as well. 
In addition, the multiplexing of two resource pools should be studied too. The two resource pools could be TDMed and/or FDMed in system level to decrease the interference between SL-SCH transmission and HARQ/CSI feedback. Alternatively, these two resource pools can be partially or completely overlap to reuse the physical resource while the interference is guaranteed by resource selection/assignment.
Proposal 6: Sub-channel based resource pool design could be a starting point which the resource pool parameters such as sub-channel size can be different between HARQ/CSI feedback resource pool and data resource pool.
Proposal 7: The multiplexing of resource pool for HARQ and CSI feedback and resource pool for SL-SCH transmission can use the following options:
· TDMed and/or FDMed in system level
· Partially or completely overlapped
5. Conclusions
In this contribution, the channel and resource pool design of HARQ and CSI feedback is discussed, and the following proposals are made.
Proposal 1: At least RSRP/RSRQ and CQI should be supported in NR sidelink. Other CSI contexts can be further studied.
Proposal 2: PSCCH/PSSCH should be used for transmitting HARQ/CSI feedback.
Proposal 3: HARQ-ACK and CSI can be multiplexed on a single PSCCH or PSSCH.
Proposal 4: Different SFCI formats can be supported to convey different payload sizes and SFCI can also piggyback on PSSCH.
Proposal 5: The determination of PSCCH/PSSCH resource for receiver UE to feedback HARQ-ACK or CSI and be further studied as the following options:
· Option 1: Determined by PSCCH/PSSCH resource of transmitter UE or indicated by SCI.
· Option 2: Receiver UE autonomously selects PSCCH/PSSCH resource.
· Option 3: Combination of Option 1 and Option 2.

Proposal 6: Sub-channel based resource pool design could be a starting point which the resource pool parameters such as sub-channel size can be different for HARQ/CSI feedback resource pool and data resource pool.
Proposal 7: The multiplexing of resource pool for HARQ and CSI feedback and resource pool for SL-SCH transmission can use the following options:
· TDMed and/or FDMed in system level
· Partially or completely overlapped
6. References
[1] Chairman's Notes RAN1 94 bis final, Oct, 2018
[2] R1-1811036, Discussion on channel design of HARQ and CSI feedback for V2X, CMCC
[3] R1-1812880, Discussion on resource allocation mechanism for NR V2X, CMCC
