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1. Introduction
In RAN-1 #94 meeting, the topics relevant to support of unicast, groupcast and broadcast in NR-V2X have been agreed [1], as follows:
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In this contribution, we study the sidelink channel state information (CSI) feedback applied in groupcast, and consider the open-loop and closed-loop feedback mechanism to make the CSI feedback more efficient in NR-V2X communication.
2. SL Enhancement for Groupcast
In RAN1, working group needs to study the topics for SL enhancement for unicast and/or groupcast, in terms of HARQ feedback, CSI acquisition, open loop and/or closed-loop power control, link adaptation, and multi-antenna transmission scheme. One of most important topics is the CSI acquisition, which enables to optimize the transmission link between transmitter and receiver. The CSI acquisition for unicast is comparably mature because most feedback mechanisms employed in NR Rel-15 can be reutilized. In this contribution, thus, our study is focused on the CSI acquisition for groupcast in consideration of its unique attributes.
In LTE-A/NR, CSI includes channel quality indicators (CQIs) as well as the MIMO-related feedback consisting of precoding matrix indicators (PMI) and rank indications (RI). The conventional CSI acquisition procedure, in general, is completed based on CSI-RS that each UE receives the CSI-RSs from transmitter UEs whereby the most suitable CSI is determined and fed back to the transmitter accordingly. By means of the same CSI acquisition procedure, applied in groupcast application, the total number of CSI feedbacks is 
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, where M is the number of UEs in the group. Obviously, it requires unacceptably higher feedback overhead, especially once M becomes larger.
Observation-1: The conventional CSI acquisition procedure employed in unicast no longer works well due to the unacceptably higher feedback overhead.
In the current specification, the frequency bandwidth relevant to CSI feedback could either narrow band or wide band. The former achieves higher frequency diversity gain, but requires higher feedback overhead, and the latter requires less feedback overhead, but does not achieve frequency diversity. Owing to the unique behaviors in groupcast such as higher speed (channel changes rapidly) and multiple UEs receptions experienced on different channels, the feedback CSI mechanism relying on both narrow band and wide band may be not necessary.
Observation-2: Due to the higher speed and groupcast transmission behaviors, the feedback CSI mechanism relying on both narrow band and wide band no longer works properly, and new feedback mechanism is necessary.
In LTE-A/NR, the availability of accurate CSI assists to maximize the data rate in one direction at the expense of more overhead. In NR-V2X, however, the availability of CSI is used to guarantee the groupcast performance towards overall UEs within the group. Since V2X channel has a reciprocity property, the receive UE is able to figure out the CSI based on de-modulation reference signal (DM-RS) after the data receptions from other UEs. DM-RS is carried by the transmit packet, and thus, it does not need to send additional CSI-RS for CSI acquisition.
Since V2X channel changes rapidly and each UE delivers groupcast data packet, CSI could rely on average metric over multiple received data in frequency domain and time domain.
Proposal-1: For CSI acquisition, each UE does not need to transmit additional CSI-RS, and UE figures out the CSI based on DM-RS after the data receptions. The relevant CSI is determined based on average metric over multiple received data in frequency domain and time domain.
2.1. Open-Loop Sidelink Transmission
The simplest way is the worst case groupcast transmission. Based on data packet receptions, each UE determines the worst link among the transmit UEs, and transmits the data packet based on its worst link CSI. Figure 1 illustrates an example of determining the worst link in reception mode, in case of M = 4 in group, where each UE makes the data receptions from other UEs, and measures CSI based on DMRS. Throughout our examples, the worst link shows the longest distance between vehicles UEs.

For example, UE-1 receives the data packets from UE-2, UE-3, and UE-4 in either different time slot or different frequency, and determines the worst link between UE-1 and UE-3. Similarly, UE-2 receives the data packets from UE-1, UE-3, and UE-4, and determines the worst link between UE-2 and UE-4, and so forth.
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Figure 1: Worst case groupcast transmission in reception mode, in case of M = 4 in group.

Figure 2 illustrates the example of the worst case groupcast transmission in transmission mode, in case of M = 4 in group, where each UE groupcasts the data packet based on the worst link CSI measured on the multiple UE receptions. Due to the sidelink reciprocal property, no CSI feedback is necessary. This can be denoted as open-loop sidelink transmission (OLST).
Proposal-2: Based on the multiple UE receptions and the sidelink reciprocal property, each UE utilizes the worst channel link for its groupcast transmission (OLST mechanism).
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Figure 2: Worst case groupcast transmission in transmission mode, in case of M = 4 in group.
Without feedback between UEs, CSI accuracy is a problem due to diverse transmission intervals among UEs, resulting in a poor PRR, especially when the groupcast UE has long time not to receive the data packet on the worst link.

Observation-3: Sidelink data packet relying on OLST has a poor accuracy, which may not enough to fulfill the stringent requirement.

2.2. Closed-Loop Sidelink Transmission
In order to improve the CSI accuracy, we introduce a worse case feedback mechanism. Based on the received data (with reference signal), CSI on the worst link can be figured out and fed back to the transmit UE with destination ID. This can be denoted as closed-loop sidelink transmission (CLST). Then, data groupcast transmission could rely on CSI, either from CLST or OSLT.
We refer to the same example as illustrated in Figure 1, and explain how it properly works with CLST and OSLT. It is assumed that each UE receives data packets from other UEs, and feeds back CSI associated with the worst channel link (the number of feedback CSIs = M) among grouped UEs, as illustrated in Figure 3.
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Figure 3: CSI feedback for worst case groupcast transmission, in case of M = 4 in group.

The data groupcast transmission from each UE is determined based on both feedback CSI (CLST “CL”) and measured CSI (OLST “OL”). It should be noted that, in general, CLST has higher priority than OLST to determine the data groupcast transmission. Table 1 lists the information of worst link and its relevant CSI, in case of M = 4 in group. As an implementation, the determination rule could be as follows:

· UE-1 determines the data groupcast transmission relying on link-(3-1) “CL”, based on the CSI acquisition information, link-(1-3) “OL”, link-(3-1) “CL” and link-(4-1) “CL”.

· UE-2 determines the data groupcast transmission relying on link-(2-4) “OL”, based on link-(2-4) “OL” only. In this link, UE-2 has no choice because there is no feedback CSI information available for the worst link.
· UE-3 determines the data groupcast transmission relying on link-(1-3) “CL”, based on the CSI acquisition information, link-(1-3) “CL” and link-(3-1) “OL”.

· UE-4 determines the data groupcast transmission relying on link-(4-1) “OL”, based on the CSI acquisition information, link-(2-4) “CL” and link-(4-1) “OL”. In this case, link-(2-4) is not worst link for UE-4, and it has to rely on OLST CSI on link-(4-1).

Table 1: Example of worst link and its relevant CSI, in case of M = 4 in group.
	UE in Tx Mode
	Available CSI Links
	Transmit Link with CSI

	UE1
	link-(1-3) “OL”, link-(3-1) “CL”, link-(4-1) “CL”
	→ link-(3-1) “CL”

	UE2
	link-(2-4) “OL”
	→ link-(2-4) “OL”

	UE3
	link-(1-3) “CL”, link-(3-1) “OL”
	→ link-(1-3) “CL”

	UE4
	link-(2-4) “CL”, link-(4-1) “OL”
	→ link-(4-1) “OL”


Proposal-3: Based on OLST and CLST related to CSI, each UE determines the worst link and its related MCS level for data groupcast transmission.
2.3. Differential CSI Feedback
In LTE/LTE-A, UE can be configured to report CQIs to assist the eNodeB in selecting an appropriate MCS to use for the downlink transmissions. The CQI reports are derived from the downlink received signal quality, typically based on measurements of the downlink reference signals. The CQI reporting types are as follows:
· Wideband feedback: The UE reports one wideband CQI value for the whole system bandwidth,

· eNodeB-configured sub-band feedback: The UE reports a wideband CQI value for the whole system bandwidth. In addition, the UE reports a CQI value for each subband, calculated assuming transmission only in the relevant sub-band. Sub-band CQI reports are encoded differentially with respect to the wideband CQI using 2-bits
· Sub-band differential CQI offset = Sub-band CQI index −Wideband CQI index

· Possible sub-band differential CQI offsets are {≤ −1, 0, +1, ≥ +2}.

Observation-4: The feedback mechanism of differential CQI offsets can be used in CSI feedback in NR-V2X groupcast, as well.
The feedback mechanism of differential CQI offset applied in groupcast is fairly different from that in LTE/LTE-A. Differential CSI offset should be the offset between the CSI from transmitter (indicated in control channel) and the CSI measured in receiver (relying on DM-RS for instance).
Let us recall the example as illustrated in Figure 1, where UE-1 receives data packets from UE-2, UE-3, and UE-4, individually. Each receive packet contains control channel (e.g., MCS), DM-RS, and data. The procedure of the differential CSI feedback in groupcast is illustrated in Figure 4, as follows:

· Decode control channel to figure out CSI (denoted 
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· Measure sidelink channel based on DM-RS, and figure out CSI (denoted 
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· Feedback condition: only if 
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· Feedback differential CSI offset (
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) to transmitter (e.g., from UE-1 to UE-4 in Figure 4)
· Transmitter (e.g., UE-4) updates the CSI based on 
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· Possible differential CSI offsets are based on Q bits, with 
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It should be noted that based on the differential CQI offset feedback mechanism, the feedback overhead can be significantly reduced.
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Figure 4: The procedure of the differential CSI feedback for worst case groupcast transmission, in case of M = 4 in group.

Proposal-4: The mechanism of differential CSI offset between the CSI from transmitter (indicated in control channel) and the CSI measured in receiver (relying on DM-RS) should be employed in order to reduce the feedback overhead.
3. Conclusion
In this contribution, we have studied the sidelink CSI feedback applied in groupcast, and considered the related mechanism to make the CSI feedback more efficient in NR-V2X communication. The following observations and proposals should be taken into account.
Observation-1: The conventional CSI acquisition procedure employed in unicast no longer works well due to the unacceptably higher feedback overhead.
Observation-2: Due to the higher speed and groupcast transmission behaviors, the feedback CSI mechanism relying on both narrow band and wide band no longer works properly, and new feedback mechanism is necessary.
Proposal-1: For CSI acquisition, each UE does not need to transmit additional CSI-RS, and UE figures out the CSI based on DM-RS after the data receptions. The relevant CSI is determined based on average metric over multiple received data in frequency domain and time domain.

Proposal-2: Based on the multiple UE receptions and the sidelink reciprocal property, each UE utilizes the worst channel link for its groupcast transmission (OLST mechanism).
Observation-3: Sidelink data packet relying on OLST has a poor accuracy, which may not enough to fulfill the stringent requirement.

Proposal-3: Based on OLST and CLST related to CSI, each UE determines the worst link and its related MCS level for data groupcast transmission.
Observation-4: The feedback mechanism of differential CQI offsets can be used in CSI feedback in NR-V2X groupcast, as well.
Proposal-4: The mechanism of differential CSI offset between the CSI from transmitter (indicated in control channel) and the CSI measured in receiver (relying on DM-RS) should be employed in order to reduce the feedback overhead.
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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
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