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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. During the first two RAN1 meetings, basic procedures of NR V2X unicast and groupcast communication were identified such as HARQ feedback and CSI acquisition. The following related agreements from RAN1#94, RAN1#94bis, RAN1#95 are used as a starting point for discussion in this contribution:
	Agreements from RAN1#94:
RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme

Agreements from RAN1#94bis:
Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details,  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

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

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

RAN1#95 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

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

It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled

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



It is also noted, that RAN2 agreed on the principle of higher layer discovery procedures, therefore this topic is not considered in RAN1 discussions, assuming the context for unicast and groupcast is available during communication.
Views on other NR V2X design aspects are summarized in companion contributions [4]-[11].
HARQ Retransmission
The HARQ retransmission is a proven efficient way to increase spectrum efficiency of transmissions when bi-directional link is established and low-overhead confirmation of successful or unsuccessful transmission is possible. The initial transmission may be performed using less spectrum resources assuming it may pass in most of the cases (e.g. in 90% cases with target error rate of 10% for initial TX) while the retransmission(s) may consume additional resources with sufficiently low probability (e.g. 10%).
Moreover, given that channel quality and state information may not be accurately known to the transmitter (see section 3) due to distributed and mobile environment, the HARQ feedback may be a key mechanisms to ensure a given reliability target and/or adapt the transmission parameters in open loop manner.
At the last RAN1#94bis meeting, the HARQ feedback support was agreed with details open at the moment. It should be stressed, that HARQ retransmission and feedback design is tightly dependent with channel access procedures. For example, resource allocation for ReTX and for feedback may need to either follow the general channel access procedures or be allocated in reserved resources.
Adaptiveness and Synchronicity
First of all, the HARQ retransmission is preferred to be asynchronous in a sense that it may arrive in arbitrary timing relationship with the initial transmission. This is crucial to keep flexibility in resource allocation so that the resources are selected according to common channel access procedures and avoiding any semi-statically or dynamically reserved/prohibited resources.
Having an asynchronous retransmission, it is natural that it is scheduled by a new instance of SCI/PSCCH and it is linked with the previous TX by a HARQ ID. Then, having a new instance of SCI it is also straightforward to allow the change of transmission parameters and resource allocation in order to be able to adapt to changing radio environment and/or increase/decrease SE of retransmissions keeping the TBS assumption consistent between different occasions. Therefore, adaptive HARQ retransmission behaviour as currently assumed in NR DL & UL should be also supported for SL.
Overall, the adaptive and asynchronous HARQ retransmission requires at least introduction of NDI and HARQ process ID fields in SCI scheduling PSSCH. In addition, explicit RV indication is also required to keep the same understanding of RV index between TX and RX UEs in cases of missed preceding transmissions. Alternatively, other explicit indication about retransmission index may be linked with a RV cycling sequence.

Proposal 2: 
For NR V2X HARQ, introduce at least the following fields in SCI scheduling PSSCH
New Data Indicator
HARQ process ID
Redundancy Version indication or ReTX index indication

[bookmark: _Ref534841939]Retransmission Resource Allocation
The general resource allocation aspects are mainly discussed in another agenda, but the aspects related to resource allocation for feedback based HARQ retransmissions are also analyzed in this section.
The basic principle of channel access (as postulated in [6]) is to avoid transmission on resources known to be used by other UEs (subject to measurements and QoS). In aperiodic traffic, it may be possible especially when single TB is transmitted using more than one slot/TTI so that initial slot may indicate the repetition resources to be avoided by other UEs.
However when HARQ feedback is employed, the most efficient approach (under ideal feedback assumption) is to use minimum number of slots/TTIs for initial transmission and only allocate retransmission in case of NACK/DTX. Following this logic, the principle of resource reservation may not work since there may be no information about retransmissions triggered by feedbacks if the potential retransmissions are not reserved in advance.
In that context, it is proposed that even for feedback based HARQ retransmissions, a transmitting UE should be able to indicate/reserve retransmission resources prior to or during the initial transmission. In a simple approach, the indicated retransmission resources may be considered as occupied in same way as blind repetitions. However, a smarter approach may be applied to retransmission resources assuming those may not be utilized in case of successful reception:
Consider feedback based retransmission resources as having higher priority to be selected under other equal/similar assumptions, e.g. similar measurement and QoS metrics.
Consider feedback based retransmission resources as occupied until other indication overriding this assumption is received. For example, if SFCI carrying ACK for this transport block is received, or if SCI scheduling new TB for this HARQ ID / group ID is received.
Note, that slot aggregation may still be combined with feedback based retransmissions so that the feedback is only expected after whole bundle not after every repetition.
Proposal 3: 
For NR V2X, support a mode where feedback based HARQ retransmission resources are indicated/reserved by SCI scheduling each transmission or by other signal (e.g. reservation signal)
FFS how these resources are handled in resource selection and sensing

Feedback Timing and Resources
The feedback information (standalone or part of other control information) may either be sent with fixed timing relation to the acknowledged PSSCH or with dynamically/semi-statically indicated timing relation:
Predefined timing relation. The predefined timing relation (e.g. next slot, second next slot) may impose substantial restriction on system design and potential overhead to reserve resources for feedback. One example is the feedback timing in LTE which was one of the bottlenecks for introducing new features. It could be argued that semi-statically unavailable resources (i.e. reserved resources) can be avoided by implicit rules, however this may further complicate system design and scheduling. In addition, the predefined timing relation will cause a UE operating in more than one pair/group to transmit more than one feedback at a time that may either complicate the SFCI design or introduce multi-cluster transmission.
Dynamic timing relation. The dynamic (asynchronous) timing relation may allow UE(s) to perform channel access for the feedback itself or to dynamically take into account the already planned feedback resources and select the more suitable / less congested one for its own operation. That may especially be useful in a mix scenario of different services, like unicast/groupcast and broadcast wherein the latter does not require any feedback to be sent.
From the discussion above, it is preferred to focus on the design assuming dynamic timing relation between acknowledged PSSCH and feedback information related to this PSSCH. Under this assumption, it also needs to be decided where the feedback resource and timing is determined: at TX or RX (with possible restriction from TX).
If TX UE determines the feedback resources then the feedback resources may be avoided by others when there is sufficient processing time, once the SCI scheduling PSSCH is detected by the surrounding UEs. Additionally, this option is suitable for groupcast HARQ if the NACK transmission is expected in the same resource from multiple PSSCH receivers. In particular, if the feedback resource is conveyed in SCI scheduling PSSCH, the same resource may be applied by all group receivers, otherwise multiple resources may be selected by the receiver in individual manner.
If RX UE determines the feedback resources, those could be selected taking into account current operation at the RX UE, for example its own plans to transmit PSSCH and PSCCH, sensing information, etc. Moreover, this option may be combined with RX assistance information sending as discussed in [7]. As a kind of hybrid mode, the TX UE may indicate a set of preferred feedback resources and the RX UE may select one of them. At this point it is not clear whether to support this mode in addition to the first option.

It was also agreed that HARQ feedback for unicast and groupcast may be disabled. From signalling perspective, in this case, it is natural to support the case when SFCI resource is not provided that effectively means no HARQ feedback requested. The decision on HARQ feedback disabling may be based on multiple aspects, which include the following:
Higher layer configuration: the feedback may be simply disabled by UE-specific signalling
Congestion control: since feedback itself may consume resources, it may be disabled in some cases to improve system performance.
QoS control: some traffic types or services may not require high reliability so that HARQ feedback may not be useful. Some other services may require ultra-low latency transmission where there is no time budget for feedback base retransmissions. All these considerations may be realized by mapping particular QoS attribute combinations to enabling/disabling HARQ setting.
Further, as discussed in section 2.6, in case of Mode-1, the feedback transmission from RX to TX should follow same procedure as in Mode-2. Thus, in order to let gNB control also allocation of feedback resources, it should be determined by gNB and forwarded by the TX in SCI. Therefore, SFCI resource signalled/determined by TX should be supported, while the RX-based SFCI resource determination needs further study.

Proposal 4: 
For NR V2X HARQ procedures, support at least a mode where the resource for SFCI transmission is determined by the UE transmitting acknowledged PSSCH
The SFCI resource is signalled in SCI scheduling acknowledged PSSCH
The indication of SFCI resource at least points to particular time-frequency resource
When valid SFCI resource is not provided, then no SFCI requested
Conditions to enable/disable HARQ feedback include: higher layer configuration, congestion control, QoS control
FFS if SFCI resource determined by RX is supported

It is assumed that the time-frequency resource for SFCI may be selected by the transmitting UE using channel access procedures. For example, the resources known to be used by other UEs may be avoided. Note, when SFCI resource is added to the candidate set, RSRP measured on PSCCH/PSSCH of the UE requesting the SFCI transmission may be used. In a more advanced approach, if the receiver UE is identifiable at surrounding UEs, those may apply RSRP measured from this UE in previous procedures.

The feedback from RX may also be transmitted subject to conditions:
TX-RX or TX-TX collisions with other procedures. In that case, whether to perform SFCI/PSFCH transmission may be subject to dropping rules based on QoS indicators and congestion control. The QoS indicators here are compared from the traffic requesting feedback transmission and the QoS of the other procedure in conflict, which may be either monitoring of higher priority traffic / signal or transmitting higher priority traffic / signal.
Congestion control functions. The congestion situation may be seen differently on TX and RX sides, therefore decision to send SFCI may be also made at RX side by refusing to transmit it.

Proposal 5: 
For NR V2X HARQ procedures, a UE receiving SCI with request to send HARQ feedback may refuse from sending based on QoS and/or congestion control functions

Feedback Information
It was agreed, that for unicast, if HARQ feedback is enabled, then both ACK and NACK are generated at RX after PSSCH processing.
In a distributed communication system the collisions may not be under full control and may happen on every channel, although the collision probability may depend on loading conditions. In that sense, the situations where a transmission is erroneously considered successful at TX side due to collisions in feedback channel should be minimized, since these situations may only be resolved by higher layer retransmissions at substantially larger timescale. In the same time, typically the first transmission should be successful in majority of cases (e.g. 90%) in order to achieve stable operation with larger SE comparing to a system w/o feedback.
In case the transmitter assigns SFCI resource, there may be no need to carry HARQ process ID or source ID in the feedback. However, considering collision probability, it may still be instrumental to the UE to know the ID of the source of the detected feedback. Moreover, if the SFCI resource is refined or determined by the RX UE, the feedback should be also associated with an ID so that TX UE understands the source of the feedback and the HARQ process.

Proposal 6: 
Support carrying UE identity information when transmitting PSFCH with HARQ feedback
Depending on PSFCH physical structure, FFS between explicit field, scrambling, different sequence
For unicast and groupcast communication,
UE identity is a function of (group) destination ID and TX UE ID (source ID)

ACK and NACK or NACK only for groupcast
At the previous meeting it was discussed whether to allow both ACK and NACK status reporting or only NACK status reporting for groupcast. Although the NACK-only reporting is attractive in terms of system overhead, it may be dangerous for groupcast operation when a receiver does not even detect the transmission (e.g. due to half-duplex or strong interference). In order to avoid the problems, both states should be reported. To manage the reporting overhead, two different resources may be used for ACK and NACK respectively, especially when PSFCH carrying SFCI has PSCCH structure as it is discussed in the next section. In that case, if NACK is detected or if no ACK is detected, the transmitter may decide to schedule a retransmission.

Multiplexing and Physical Structure
In this section, discussion on physical channel for HARQ feedback and multiplexing with other channels is presented.
First, the potential payload of such a message may need to be determined. Given the discussion above, the feedback message may at least carry a HARQ-ACK which is one or more bits depending on multiplexing/bundling of the feedbacks for different transport blocks, and carry a UE identity. As a result, in case the feedback is fully asynchronous, the payload size may be composed from HARQ-ACK + UE ID which may be estimated as ~ [1-2] + [8-16] bit. Here, the HARQ-ACK is assumed to carry at most two transport block bits, and the UE ID may be in range of 8 bit (as in Rel.12 ProSe) to 16 bit (as RNTI). Note, HARQ-ACKs from different PSSCH transmissions may be requested to be multiplexed in the same SFCI occasion that would require more payload.
Then, another consideration is concerned with the physical channel dimensions and resources. Sending a feedback shorter than a slot may impact AGC procedures which are typically performed at slot boundaries. That would require to either consider more than one AGC adjustment event within a slot and/or to perform feedback transmission using full slot transmission. But the short transmission may benefit from improved processing timeline and overhead. Thus we propose to consider further the standalone PSCCH structure as a candidate for PSFCH. Both short and long structures can be further studies as described in [4].
It should be further noted, that PSFCH physical structure and location within a slot may significantly impact HARQ round-trip time and achievable peak data rate. Although according to current traffic model assumptions there is no much room for multiple HARQ processes (due to sporadic packets with sizes comparable to single TB transmission size), this aspect may become important in deciding the PSFCH structure. In Figure 1, two different cases are illustrated: PSFCH is transmitted in the beginning of a slot and PSFCH is transmitted in the end of a slot.
PSFCH in the beginning of a slot (share resources with PSCCH):
PSCCH carrying HARQ feedback may be sent in the same PSCCH region/CORESET as the PSCCH carrying SCI. There may be HARQ feedback multiplexing mechanism applied so that PSCCH may convey HARQ feedbacks of more than one HARQ processes and TBs. The multiplexing may be performed by the data receiver UE based on predefined rules and indication in SCI scheduling PSSCH. For example, if SCI indicates feedback resources (e.g. slot indication) overlapping with previously scheduled feedback, then the data receiver UE multiplexed the different feedbacks in single transmission.
Here the minimum HARQ RTT is 4 slots and the peak rate is bounded by 3 out of 4 slots. The peak rate and RTT may be changed depending on HARQ FB multiplexing approach and final processing times.
PSFCH in the end of a slot:
In this example, PSCCH carrying HARQ feedback (or dedicated physical channel for feedback such as PSFCH), may be allocated in the end part of a slot in resources non-overlapping with PSCCH carrying SCI for scheduling PSSCH. Since there is no time domain overlap with SCI, there is no need to dedicate a separate slot for feedback purpose only.
Here the minimum RTT is 3 slots and the peak rate is bounded by the ratio of available PSSCH symbols to PSSCH + PSFCH region. Assuming PSSCH is 8 symbols and PSFCH (including AGC/gap/transient) is 3 symbols, the peak rate is bounded similarly to the first case by 8/11 (~ 3/4).

PSFCH in the start of a slot

 PSFCH in the end of a slot


[bookmark: _Ref534811366]Figure 1. Example HARQ timelines for different options of PSFCH carrying SFCI.
From the above considerations, it is preferred to follow PSFCH in the start of a slot which may seamlessly lay into overall design with a mix of communication types such as broadcast, groupcast, unicast where broadcast does not require any HARQ feedback and groupcast may not benefit from it in many cases.

Proposal 7: 
PSFCH for SFCI and PSCCH for SCI share the same control resource set in the beginning of a slot

[bookmark: _Ref534556831]HARQ feedback in Mode-1
It is also being analysed in our companion contribution [9] that retransmissions on sidelink in case of gNB-controlled resource allocation should also be possible based on HARQ feedback in unicast and groupcast. It was discussed last time that there may benefits if gNB is aware of reception status so that it can allocate retransmissions in case of failure.
First of all, it is clearly desirable that HARQ feedback on sidelink follows common procedure with Mode-2. Therefore, sending of the feedback to TX side is necessary and thus sending the reception status directly from RX UE to gNB may be redundant. Moreover, sending reception status to gNB may be limited only to cases of same serving cell and connected mode for the RX UE leading to unjustified complicated procedures.
Besides precluding to send HARQ-ACK to gNB from RX, the sharing of HARQ feedback with gNB may also be unjustified. First of all, as discussed in section 2.2, in order to enable sensing operation, potential HARQ retransmission resources should be signalled with every (re)transmission. For seamless Mode-1 and Mode-2 coexistence, this principle should be also respected in Mode-1. Thus, even for feedback based operation the resources for potential retransmission need to be signalled to a UE once scheduling initial transmission. This almost eliminates the need of sharing HARQ feedback with gNB.
In addition to signalling resources for retransmissions, it may be still instrumental to enable fast request for retransmission resources from gNB. For this purpose, signalling of full HARQ feedback with ACK and NACK states per each HARQ process may complicate system design with marginal benefits expected. HARQ codebook re-design may be needed to handle this while the usefulness of ACK may be unclear.
In order to request retransmission resources, the TX may send SR on one or more SR configurations. Multiple configurations mapped to different LCH were already introduced in Rel.15 NR, thus it may be straightforward to reuse this mechanism. When PUSCH is scheduled in the same time, usual BSR may be appended to it.

Proposal 8: 
In Mode-1, do not support sending reception status from RX directly to gNB
In Mode-1, HARQ feedback request and reporting procedure on sidelink follows common procedure with Mode-2
In Mode-1, enhance sidelink resource request procedures (i.e. SR, BSR for sidelink transmission) for fast request of retransmission resources

[bookmark: _Ref528665075]CSI Acquisition
CSI Types
First of all, it should be discussed what is the purpose of CSI acquisition. In the agreement made at RAN1#94bis, the CSI was discussed in a wide context including both CSI for link adaptation procedures and measurements for channel access. It is our understanding, that CSI for resource allocation and distributed channel access purposes is a subject of related discussions in resource allocation for Mode-1 and Mode-2 scheduling.


It is assumed that CSI for channel access (e.g. RSRP/RSSI measurement for the purpose of clear channel assessment) is discussed as part of channel access and resource allocation procedures in respective topics
It is assumed that CSI for unicast/groupcast channel quality assessment and link adaptation is discussed in this topic

Measurements
At the last meeting the following list of measurements was identified for further discussion / downselection: CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion.
First, the mechanisms of long-term channel quality measurements such as RSRP, RSRQ etc. should be enabled. They may at least be used to set initial transmission parameters and procedures for groupcast and unicast communications. It may also be used for power control procedures.
Further, in our understanding it is premature to consider SRS resource indicator (SRI) and CSI-RS resource indicator (CRI) before understanding the benefits comparing to more classic PMI/RI. The motivation behind CRI is DL massive MIMO support that is not the case in sidelink V2X communication. Moreover, SRI is mainly motivated by beam management at a UE. In a presence of at least DL-like mechanism (PMI/RI/CQI reporting), there is no need to design UL-like mechanism with SRI signalling.
Narrowing down the considerations to CQI, PMI, and RI, it should be carefully studied which information may be useful and applicable in sidelink V2V communication use cases. The inherently mobile environment may not be friendly for legacy channel state information reporting based schemes, such as closed loop PMI/RI reporting. Still in some cases, it may provide SE gains for example when vehicles don’t move fast relatively to each other and when reflectors also don’t change fast.
The interference variation may also be quite unpredictable depending on channel access procedures. In Figure 2, the UE average difference of interference on two TTIs of the same packet transmission is illustrated depending on system loading. As it can be seen, in low-to-medium loading, since resource reservation is assumed, the interference dynamics is not significant in many cases (~1-3 dB) therefore link adaptation may be possible without interference prediction. However, with increased loading, the interference variations become unpredictable and exceed 5 dB that may lead to useless attempts to adapt transmission parameters.
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[bookmark: _Ref528956284]Figure 2. Change of interference on different transmission occasions
The channel itself is also subject to very fast variation in time. Of all the information the PMI is outdating the fastest, as it depends mainly on the instantaneous realizations of the channel. This is also shown in the evaluation in Figure 3. The simulations assumptions are summarized in the appendix. According to current NR specifications, the minimum delay between transmitting the RS used for PMI estimation and the application of the feedback information at the transmitter are 3 slots. In addition, since the PMI is changing, it needs to be transmitted periodically. In the legend of the figures the abbreviations DzPy would stand for a delay of z slots and a periodicity of y slots. We also evaluated narrowband (NB) and wideband (WB) feedback as well as precoder cycling (CPMI). The examples show that even for very moderate relative speed of 30 km/h the performance of open loop PMI cycling is already surpassing, the one of PMI feedback.
This evaluation leads us to the conclusion that there are no benefits of PMI feedback. There may be a benefit from adapting at least to the rank of the channel. However, we think this can be achieved without relying on CSI-FB from dedicated RS. We cannot also rely on reciprocity as different antennas might be used for transmission and reception.
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[bookmark: _Ref525764210]Figure 3. PMI Feedback NLOS 30 km/h relative speed.

As the instantaneous realization of the channel are changing too fast to have up to date feedback, adapting to it is not possible. Thus, we adapt to the long term statistics of the channel to optimize the data transmission. 
For RI the situation is similar. The rank of a channel can be estimated either from
Channel statistics at the receiver.
Direct estimation in a system utilizing precoder cycling and the precoding matrix in each part of the transmission being known in the receiver.
In the second case during the transmission setup or in the control information of the PSCCH the configuration of the open loop precoder cycling need to be transmitted to the receiver. With this information the precoding can be inverted and therefore the rank of the channel can be estimated.
The estimation performance of this approach is evaluated as showed in Figure 4. Here the estimation of RI and CQI based on effective channel estimated on DM-RS with different pre-coders is compared with estimation based on ideal channel knowledge. As it can be seen, the degradation is marginal especially in higher SNR regimes which are more reasonable for link adaptation.
[image: ]
[bookmark: _Ref528955734]Figure 4. RI/CQI on DM-RS measurement converted to SE.

In addition we also evaluate the achieved throughput (TP) with the given DMRS based CSI feedback relative to the CSI feedback with perfect channel knowledge. The results are shown in Figure 5. The corresponding LLS simulation assumption are given in Table 2. The TP in the low and the high SNR regime are the same as for perfect knowledge. However, in the medium SNR region there is a slight mismatch between the TP of the different systems. The reason for this is that at this region the channel estimation results are far from ideal, therefore the still Rank 1 with a lower spectral efficiency is reported. This is also evident from the probability of reporting Rank 2 in the right part of the figure. However, detailed calibration of the effective SNR to CQI mapping could eliminate this difference. A CSI feedback based on CSI-RS would also be susceptible to similar problems. In addition from the results we can also see that accurate feedback gives a much better performance if the feedback is very frequent, that however may not be practical in V2V system. For less frequent feedback the performance would benefit from outer loop link adaptation.
[bookmark: _Ref534967791]Figure 5. TP results for RI/CQI feedback.
Nevertheless, it should be further studied whether such frequent CSI reporting is possible and useful in V2V deployment scenarios. It may be otherwise more suitable to apply longer term measurements and outer loop adaptation in such cases. Thus, at this stage only long term sidelink measurements (RSRP, RSRP) and rank which does not also change fast.
Proposal 9: 
Introduce measurement and reporting of at least the following information
RSRP, RSRQ
RI

Resources for Measurements
The link adaptation based on CSI acquisition should carefully consider inherently mobile environment and changing interference. These considerations may substantially limit the functionality needed for CSI framework in sidelink V2V communication.
As a basic principle, all SL transmissions should be subject to channel access procedures. In that sense, standalone CSI-RS transmission or periodic CSI-RS transmission may violate this principle. Therefore, it is beneficial to apply common resource allocation mechanisms to the signals for CSI acquisition. 
As it is discussed in application to RI estimation in the previous section, there may be no dedicated CSI-RS introduced in sidelink and all measurements could be performed using DM-RS carried with PSCCH and/or PSSCH. A scheme based on DM-RS precoder cycling known to the receiver may allow to estimate CQI and RI with good accuracy.
Another option may require allocation of dedicated CSI-RS signals which may also be carried together with PSCCH and/or PSSCH. In this case, the CSI-RS bandwidth may be different to the PSCCH/PSSCH bandwidth in order to be able to perform wideband estimation. However, resources for such transmission may need to be reserved in the system to avoid mismatched measurements due to collisions with other CSI-RS or other physical channels. This option also requires PSCCH to indicate the presence of CSI-RS.

Proposal 10: 
Resources for CSI acquisition are transmitted together with PSCCH and/or PSSCH
Support at least CSI acquisition on DM-RS of PSCCH and/or PSSCH
FFS support of dedicated CSI-RS signals with bandwidth different to PSCCH and/or PSSCH

Reporting Procedures
Having a measurement performed, it may need to be sent back to the requesting side. For these purposes, the same approach as for SFCI carrying HARQ feedback may be used. In addition, in case of relatively large CSI report (if introduced), it may be conveyed as a usual shared channel.
For example, if a small fixed size CSI info is reported, it could be multiplexed to PSCCH while a larger/flexible size info may be carried in PSSCH as a MAC CE or as a sidelink RRC message (if introduced).

Proposal 11: 
RAN1 to study further the following candidates for CSI information reporting
Multiplexing in SL-SCH (as MAC CE or SL RRC)
Multiplexing in PSCCH used for SCI or SFCI

Procedures to Apply the Measurements
In general, there may be no specified procedure how to utilize the measurements except the procedures concerned with channel access, congestion control, power control which impact system performance. The results of measurements may be applied by the transmitter in implementation specific way similar to current gNB behaviour.


Behaviour to apply CSI measurements for unicast/groupcast link adaptation is a UE implementation aspect

Power Control
As a further advanced technique for link adaptation as well as co-existence mechanism with UL operation, power control can be considered. Maximum power is usually assumed for broadcast communication where there is no characterization of propagation link quality. The maximum power may not be optimal for relatively short radio distance communication both in terms of energy consumption and interference injection to the network.
In unicast/groupcast connection, excessive TX power settings may be avoided by adapting to target link channel attenuation which may be known from either large scale RRM measurements or from channel quality measurements. 
The power control mechanisms considered in LTE and NR are usually classified into two parts:
· Open loop power control, i.e. setting of transmission power based on long-term measurements such as total channel attenuation or pathgain. For that purpose, P0 and alpha settings are usually used. Note, it may still be possible to switch between different sets of OLPC parameters dynamically.
· Closed loop power control, i.e. adjusting transmission power based on short-term measurements of channel and interference variation.
In general, the TX power setting does not need to be known to the receiver side. The TX power may be adjusted in open loop manner based on channel quality feedback or sounding signals. Therefore, at least the closed loop power control may not be essential for unicast/groupcast sidelink communication. Then the open loop power control may be rather defined as an upper bound power that should not be exceeded by a transmitter during operation in order to co-exist with other carriers and services.
Another issue with arbitrary power control is the system level impact on channel access procedures. For example, if large-scale channel access with resource reservation is considered, the measurements may be performed assuming one TX power of UEs while during transmission and/or small scale channel access, the TX power of some UEs may change and thus may destruct the channel sensing decisions made with another TX power assumption. In order to prevent such system level issues, the TX power needs to be fixed during resource reservation period, if such reservation is adopted.

Proposal 12: 
In NR V2X, further consider open loop power control techniques taking into account impact on channel access procedures

Conclusions
In this contribution, we have discussed L1 procedures for sidelink HARQ, CSI, and power control. Based on the discussion the following proposals are made:

Proposal 1: 
For NR V2X HARQ, introduce at least the following fields in SCI scheduling PSSCH
New Data Indicator
HARQ process ID
Redundancy Version indication or ReTX index indication
Proposal 2: 
For NR V2X, support a mode where feedback based HARQ retransmission resources are indicated/reserved by SCI scheduling each transmission or by other signal (e.g. reservation signal)
FFS how these resources are handled in resource selection and sensing
Proposal 3: 
For NR V2X HARQ procedures, support at least a mode where the resource for SFCI transmission is determined by the UE transmitting acknowledged PSSCH
The SFCI resource is signalled in SCI scheduling acknowledged PSSCH
The indication of SFCI resource at least points to particular time-frequency resource
When valid SFCI resource is not provided, then no SFCI requested
Conditions to enable/disable HARQ feedback include: higher layer configuration, congestion control, QoS control
FFS if SFCI resource determined by RX is supported
Proposal 4: 
For NR V2X HARQ procedures, a UE receiving SCI with request to send HARQ feedback may refuse from sending based on QoS and/or congestion control functions
Proposal 5: 
Support carrying UE identity information when transmitting PSFCH with HARQ feedback
Depending on PSFCH physical structure, FFS between explicit field, scrambling, different sequence
For unicast and groupcast communication,
UE identity is a function of (group) destination ID and TX UE ID (source ID)
Proposal 6: 
PSFCH for SFCI and PSCCH for SCI share the same control resource set in the beginning of a slot
Proposal 7: 
In Mode-1, do not support sending reception status from RX directly to gNB
In Mode-1, HARQ feedback request and reporting procedure on sidelink follows common procedure with Mode-2
In Mode-1, enhance sidelink resource request procedures (i.e. SR, BSR for sidelink transmission) for fast request of retransmission resources
Proposal 8: 
Introduce measurement and reporting of at least the following information
RSRP, RSRQ
RI
Proposal 9: 
Resources for CSI acquisition are transmitted together with PSCCH and/or PSSCH
Support at least CSI acquisition on DM-RS of PSCCH and/or PSSCH
FFS support of dedicated CSI-RS signals with bandwidth different to PSCCH and/or PSSCH
Proposal 10: 
RAN1 to study further the following candidates for CSI information reporting
Multiplexing in SL-SCH (as MAC CE or SL RRC)
Multiplexing in PSCCH used for SCI or SFCI
Proposal 11: 
In NR V2X, further consider open loop power control techniques taking into account impact on channel access procedures
[bookmark: _GoBack]
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Appendix – Evaluation Assumptions
Table 1: LLS assumptions PMI Feedback simulations
	Parameter
	Value

	Relative speed
	0, 30 km/h

	Channel model 
	NR V2X Urban NLOS

	Rx Antennas
	4

	Tx Antennas
	1

	Waveform
	OFDM

	RBs
	25

	Carrier Frequency
	5.9 GHz

	Modulation format
	64 QAM,

	SCS
	30 kHz

	Code rate
	0.5


[bookmark: _Ref534968011]Table 2: LLS assumptions RI/CQI fedback
	Parameter
	Value

	Relative speed
	030 km/h

	Channel model 
	NR V2X Urban LOS

	Rx Antennas
	4

	Tx Antennas
	2

	Waveform
	OFDM

	RBs
	25

	Carrier Frequency
	5.9 GHz

	Modulation format
	Adaptive based on CQI feedback

	SCS
	30 kHz

	Code rate
	Adaptive based on CQI feedback

	Channel Estimation 
	MMSE
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