	
3GPP TSG RAN WG1 #96			R1-1902279
Athens, Greece, 25th February – 1st March, 2019
[bookmark: Source]Agenda item:	7.2.4.1.5
Source: 	Samsung
Title: 	Considerations on Sidelink CSI
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In this contribution, we present our views and discussion on sidelink reference signal for sidelink CSI acquisition, sidelink CSI measurement and reporting. Pertinent agreements made so far are summarized in Annex.
Sidelink Reference Signals
A sidelink reference signal (SL-RS) dedicated for sidelink CSI measurement is needed for NR V2X. Other signals, for example, DM-RS in PSSCH and PSCCH can be used by the UE to assist CSI measurement but they cannot do all the job. For example, DM-RS in PSSCH is generally precoded and Tx-power-adjusted. The CQI/RI/PMI measured based on DM-RS does not provide much useful information so that the transmitter can choose other transmission scheme, for example, different number of layers. Therefore, SL-RS dedicated for CSI measurement is needed. 
In NR, two types of RS are introduced: CSI-RS and SRS. CSI-RS can be used to measure downlink CSI including CQI, RI, PMI, CRI and RSRP, which are used in downlink link adaptation and beam management. SRS can be used by the gNB to measure uplink CQI, TMPI, RI, SRI, which are used for uplink link adaption and beam selection. The CSI-RS or SRS can be a starting point for SL-RS design. Considering single waveform OFDM is preferred in NR V2X sidelink, we propose to use NR CSI-RS for SL-RS design.
Proposal 1: SL-RS is supported in NR V2X for sidelink CSI measurement and reporting. NR CSI-RS can be used as a starting point for design of SL-RS.  
In NR, various time characteristics of CSI-RS are supported, including aperiodic, semi-persistent and periodic CSI-RS. Those time characteristics have different use cases and in our view, SL-RS for sidelink CSI measurement shall also support aperiodic, semi-persistent and periodic transmission. Aperiodic SL-RS is generally one-shot transmission and can be triggered by DCI (in mode 1) or SCI in PSCCH. Aperiodic SL-RS can be used by the transmitter UE to refine CSI measurement. When the CSI report is aged, the transmitter UE can trigger the aperiodic SL-RS to refine CSI. Periodic SL-RS can be used to continually monitor the channel condition of one sidelink. Semi-persistent SL-RS can be used either to continually monitor the channel condition of one sidelink or to refine the channel measurement, for example, at one particular beam direction in FR2.
Proposal 2: NR V2X shall support aperiodic, semi-persistent and periodic SL-RS.  
In mode 1, the transmission of SL-RS can be controlled by the serving gNB. The serving gNB can coordinate the transmission of SL-RS and resource allocation for SL-RS among all the V2X UEs. For an aperiodic SL-RS, the serving gNB can use DCI to schedule the transmission of SL-RS, similarly to the scheduling of PSSCH and PSCCH. Then the transmitter UE can indicate the transmission of SL-RS in SCI to the receiver UE so that the receiver UE can measure the SL-RS. For a periodic SL-RS, the serving gNB can configure the transmission of SL-RS to the transmitter UE. For the reception of periodic SL-RS, the serving gNB can configure one UE to measure SL-RS directly, instead of asking transmitter UE to forward. For the case of in-coverage, the transmission of SL-RS is not necessarily to be confined in the transmission of PSSCH/PSCCH from the same UE because the serving gNB can control the resource. In other word, one UE can transmit SL-RS in the same symbol and same bandwidth as another UE transmitting his/her PSSCH/PSCCH. But we shall note here that some ‘rate-match’ configuration might be needed for the second UE to properly skip the REs used by SL-RS when mapping PSSCH/PSCCH. 
Proposal 3: For in-coverage V2X UE, the serving gNB can configure and control the transmission of SL-RS.
For the out-of-coverage UE, the transmission of aperiodic SL-RS can be triggered and indicated by one SCI. Since there is no coordination node and the sidelink resource is obtained autonomously, the transmission of SL-RS shall be confined in the time and frequency resource used by PSSCH from the same UE to avoid transmission collision. Periodic/semi-persistent SL-RS transmission requires periodic sidelink resource occupation. That is challenging in the mode where UE selects sidelink resource autonomously based on channel sensing. Another issue for periodic/semi-persistent SL-RS in mode 2 is the transmitter UE cannot guarantee each period of SL-RS can be transmitted successfully. Two methods can resolve this issue. One method is always using one SCI to indicate the transmission of one SL-RS instance. Another method is that dedicated sidelink resource is allocated for periodic SL-RSs and the UE can select one configuration of periodic SL-RS and then transmits it in the dedicated sidelink resource. It looks like the first method provides a more unified design.
Proposal 4: For out-of-coverage V2X UE, each SL-RS transmission instance shall be indicated by one SCI.
Sidelink CSI measurement and reporting
As discussed in our companion contribution [3], the following sidelink CSI parameters shall be supported for NR V2X:
· CQI, RI and PMI for link adaptation and MIMO/beamforming transmission;
· RSRP for sidelink power control
· RSRP and SLRI/SL-SSBRI for multi-beam operation, beam selection in FR2 systems.
Aperiodic and periodic sidelink CSI report have different use cases and provide benefits to V2X system in different aspects. For example, periodic RSRP report can allow the UE to track the pathloss variation of sidelink and then calculate the proper Tx power, and periodic RSRP report can also enable UE to track the ‘serving’ beam in FR2 for reliable link. Periodic CSI report can reduce signalling and configuration overhead and delay when the traffic is active. On the other hand, aperiodic CSI report can be used whenever the transmitter needs up-to-date channel condition but when CSI is not needed, no sidelink resource is wasted for CSI report.
Proposal 5: NR V2X shall support aperiodic, semi-persistent and periodic SL CSI report.  
Both PSSCH and PSFCH can be used to report sidelink CSI, analogous to that both PUSCH and PUCCH are used for CSI report. For both in-coverage and out-of-coverage case, aperiodic sidelink CSI report can be triggered by a SCI and the receiver UE reports the CSI in a PSFCH channel that can be indicated by the triggering SCI. For in-coverage case, the PSFCH channel can be indicated by the serving gNB to the receiver UE directly. The serving gNB indicates the PSFCH channel where the transmitter UE to receive CSI report and the receiver UE to report the CSI.
The receiver UE can also use PSSCH to report CSI, for example in the resource pool where PSFCH resource is not configured. If the CSI is reported in PSSCH, there are various design alternatives. One alt is the CSI is carried in higher layer message, e.g., MAC-CE message in PSSCH. CSI is physical layer parameter and used by physical layer for link adaptation. Using higher layer message would cause unnecessary delay and processing. Another alt is SCI indicates whether CSI in carried in that PSSCH.
Proposal 6: NR V2X shall support to use PSFCH and PSSCH to carry sidelink CSI report.  
Conclusions
In this contribution, we presented our views on sidelink reference signals, sidelink CSI measurement/reporting and power control. Based on the discussion, the following proposals are provided:
Proposal 1: SL-RS is supported in NR V2X for sidelink CSI measurement and reporting. NR CSI-RS can be used as a starting point for design of SL-RS.  
Proposal 2: NR V2X shall support aperiodic, semi-persistent and periodic SL-RS.  
Proposal 3: For in-coverage V2X UE, the serving gNB can configure and control the transmission of SL-RS.
Proposal 4: For out-of-coverage V2X UE, each SL-RS transmission instance shall be indicated by one SCI.
Proposal 5: NR V2X shall support aperiodic, semi-persistent and periodic SL CSI report.  
Proposal 6: NR V2X shall support to use PSFCH and PSSCH to carry sidelink CSI report.  
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Annex: Key Agreements on Physical Layer Procedures 
Agreements:
· 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.

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:
· 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:
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:
· 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
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
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

