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1 Introduction
For support of SL enhancemnnent for unicast and/or groupcast communication, RAN1 has made the following agreements [1] in RAN1#94bis meeting. In this paper, we will discuss some key aspects related to previous agreements such as HARQ, CSI for SL communications.

2 Discussions
2.1.  SCI and SFCI for Mode 1
It has been agreed in the last meeting as below. The physical layer procedure and the corresponding SCI/SFCI transmission will be discussed under this section.
	Agreements (RAN1#94bis):
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


To support sidelink (SL) unicast communication, HARQ mechanism associated with A/N feedback should be studied firstly.  For unicast, HARQ transmission can be potentially controlled by gNB for the in-coverage case or controlled by UEs themselves for out-of-coverage case. For gNB-controlled SL HARQ transmission, there is potential for gNB to know all HARQ transmission related information such as SL A/N, SL resource allocation, SL scrambling ID, etc. So gNB may perform the SL HARQ retransmission directly. Therefore, there can be two options for SL HARQ retransmission as illustrated in Figure 1a and 1b respectively depending on whether HARQ retransmission is done by gNB or Tx UE.

In both Option 1 and Option 2 for HARQ transmission, Tx (and Rx) UE(s) may firstly receive the DL grant from base station with scheduling information for the first SL data transmission (and the corresponding A/N resources for HARQ feedback).  Then Tx UE performs the 1st data transmission to Rx UE. Due to the broadcast property for transmission and the known SL information at gNB, gNB may also receive the SL data correctly with proper channel condition and power control in SL. When Rx UE send NACK to Tx UE in case of failure of data reception, BS can also receive such feedback information.
Option 1: SL HARQ retransmission performed by V2X Tx UE (with control by gNB), as shown in Figure 1a.
For HARQ re-transmission in Option 1 (i.e., starting from step 4 in figure 1a), gNB may send SL grant for SL data retransmission, if it is NACK and BS also fails for SL data reception. Then Tx UE perform the SL data retransmission following the SL grant from BS. Accordingly, Rx UE will reply ACK in the SL if received correctly.

Option 2: SL HARQ retransmission performed by gNB, as shown in Figure 1b.

For HARQ re-transmission in Option 2 (i.e., starting from step 4 in figure 1b), gNB may perform SL data retransmission in uu link to Rx UE(s) directly, e.g, if it is NACK and BS has received the SL data correctly. Accordingly, Rx UE may reply ACK in the uu link if received correctly.
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Figure 1a, SL data retransmission by V2X Tx UE (Option 1)
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Figure 1b, SL data retransmission by gNB (Option 2) 


As shown in Figure 1a and 1b, the retransmission for SL unicast data transmission can be done either by V2X Tx UE or gNB. To support efficient HARQ retransmission in SL unicast/groupcast communication, the adaptive retransmission can be supported by selecting BS or V2X Tx UE dynamically to perform HARQ retransmission for SL communication depending on the SL A/N information and the channel condition. At least, such operation can be supported for the in-coverage scenario. For the out-of-coverage scenario, maybe only option 1 without gNB control can be supported.

Proposal 1: NR supports the hybrid SL HARQ retransmission mechanism by adaptively selecting gNB or Tx UE to perform retransmission.
In the context of the procedures abovementioned, we can further discuss how to carry SCI and SFCI. For SCI, it can be carried in NR DCI with the similar solution as the LTE V2X. For SFCI, it can just use the SL feedback channel (e.g., PSCCH) to carry SFCI in uplink. Since the base station allocate the SL resource for SL SFCI transmission, it can also detect SFCI without any ambiguity. In case of the retransmission for SL data is performed by gNB via uu interference, the SFCI can be carried in PUCCH/PUSCH same as the uu interface. 

Proposal 2: SCI can be carried in NR downlink DCI to be received by both SL Tx UE and Rx UE.

Proposal 3: SFCI is carried in SL feedback channel (e.g., PSCCH) in uplink to be received by both SL Tx UE and gNB, when SL data (re)transmission scheduled by SCI in SL.
Proposal 4: SFCI is carried in PUCCH/PUSCH in uplink to be received by gNB, when SL data re-transmission is scheduled by DL DCI in uu. 

2.2. HARQ for SL groupcast communication
It has been agreed in the RAN1#94bis as below. The HARQ mechanism for SL groupcast communication will be discussed under this section.
	Agreements (RAN1#94bis):
· 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



To support HARQ for SL groupcast communication, two options as listed below have been presented during the last meetings:

Option 1: Common resources without UE distinction (Only NACK):
· Pros: Simple for operation with the small overhead.

· Cons: less efficient for UE specific retransmission with link adaptation due to difficulty for differentiating between failed detection of control channel and the successful decoding of data supposing only NACK is transmitted.
Option 2: Dedicated resources with UE distinction.
· Pros: Potential for UE specific retransmission with link adaption.

· Cons: High complexity and large signaling overhead in case of the large number of UEs in the group for management.

In principle, both options are feasible depending on the tradeoff between complexity and performance. 

Instead, it is potential to use the combination of these two options by taking the advantages of them for the better performance with the acceptable complexity. It can be a kind of grouping based HARQ A/N resource allocation mechanism. For example, the UEs can be categorized as multiple groups according to some criteria. Within the group, the UEs share the common A/N resources without any distinction. The dedicated resources are applied for the groups for distinction of the different UE groups. The criteria for UE grouping can be based on distance, CQI or RSRP, etc. 

As illustrated in Figure 1, UE can provide the NACK feedback in the corresponding resources based on the range of measured CQI/RSRQ based on Table 1:

Table 1: mapping between CQI index range and A/N resources

	UE group
	CQI index range
	A/N resources configured by network (for NACK)

	Group #1
	0-4
	A/N resource #1

	Group #2
	5~9
	A/N resource #2

	Group #3
	10~15
	A/N resource #3

	Group #4
	Out-of-range
	No A/N resource (disable HARQ)


With such mechanism, it implicitly indicates the CSI information during A/N feedback to enable the efficient HARQ retransmission with link adaption. Meanwhile, the signaling overhead and resource allocation complexity are also quite limited by grouping (up to 3 groups in the example). Such grouping can be controlled by the network or groupcast Tx UE via signaling on the grouping criteria.
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Figure 1: UE grouping based on RSRQ/CQI range for A/N resource allocation 
As illustrated in Figure 2, UE grouping can also be based on the geometry location/area as illustrated in Figure 2 for A/N resource allocation. Different geometry location/area is configured with the different A/N resources but the same A/N resource is shared within the geometry location/area. From the groupcast Tx UE perspective, it can identify the specific area or direction for retransmission based on the detected A/N resource and perform beam-forming for retransmission to improve the performance. For example, if NACK resource corresponding to Geo1 is received by groupcast Tx UE, it can perform the beam-forming towards Geo1 for retransmission more efficiently.
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Figure 2: UE grouping based on geometry location/area for A/N resource allocation 
Proposal 5: NR supports group based A/N resource allocation with grouping based on RSRQ/CQI range or geometry area. 

Mechanism for common resources without UE distinction (Only NACK) within a UE group:
The HARQ mechanism for common resource shared by the UEs within a group is illustrated in Figure 3: Only a single time-frequency resource is allocated for feedback. This resource is shared by all destination UEs. If a destination UE fails to decode the data channel, it sends a NACK on the shared resource; otherwise, it does nothing (i.e., no ACK is sent). The signal or sequence indicating NACK is the same for all destination UEs. The source UE detects the received power of the NACK signal or sequence. If the received power is higher than some predetermined threshold, then the source UE performs a retransmission if the maximum number of transmission is not reached yet. 

If the detected power level is low, then there are two possibilities. First, most destination UEs have successfully decoded the data channel. Second, most destination UEs cannot even decode the control channel. In order to distinguish the two cases, we can introduce additional resource for returning ACK. The resource of ACK has to be orthogonal to the resource of NACK. If the total received power of ACK and NACK is lower than some threshold, then the reliability of control channel should be increased. The threshold for the total received power of ACK and NACK may depend on the number of destination UEs.
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Figure 3. HARQ feedback without UE distinction

Proposal 6: NR supports common A/N resource allocated for the UEs within a UE group.

2.3. CSI acquisition for SL communication
It has been agreed in the RAN1#94bis as below. CSI acquisition for SL communication will be discussed under this section.
	Agreements (RAN1#94bis):
· 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 


CSI feedback is typically used for link adaptation to improve the transmission efficiency. However, different than the stable and relative fixed interference in the downlink of the uu interference, the SL interference may be more dynamically changed due to unpredictable and aperiodical SL transmissions nearby. Therefore, it also imposes some challenges on CQI/RI/PMI measurement and their application for SL link adaptation.
Typically, CSI is derived from two components, the channel condition part and interference/noise part. For the channel condition part, the short time-scale measurement is preferred for the effective channel status information. For the interference/noise part, it can be long or short time-scale depending on the dynamic changes of the interference. Such dynamic change can be evaluated based on RSSI measurement results during a period. If the standard deviation for RRSI measurement results are quite large during a period, it can be identified as the dramatic change of the interference. Accordingly, the long time-scale averaging on the interference should be applied. Otherwise, the short time-scale averaging can be used. 

Observation 1: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 
Proposal 7: The channel condition is based on the short time-scale measurement for CSI acquisition.

Proposal 8: The long or short time-scale measurement on interference/noise part may depend on some criteria (e.g., standard deviation of RSSI measurement results during a period) for CSI acquisition.
3. Conclusions
In summary, based on the above discussion we have the following observations and proposals for support of unicast/groupcast communications:
Observations:
Observation 1: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 
Proposals:
Proposal 1: NR supports the hybrid SL HARQ retransmission mechanism by adaptively selecting gNB or Tx UE to perform retransmission.
Proposal 2: SCI can be carried in NR downlink DCI to be received by both SL Tx UE and Rx UE.

Proposal 3: SFCI is carried in SL feedback channel (e.g., PSCCH) in uplink to be received by both SL Tx UE and gNB, when SL data (re)transmission scheduled by SCI in SL.

Proposal 4: SFCI is carried in PUCCH/PUSCH in uplink to be received by gNB, when SL data re-transmission is scheduled by DL DCI in uu. 

Proposal 5: NR supports group based A/N resource allocation with grouping based on RSRQ/CQI range or geometry area. 

Proposal 6: NR supports common A/N resource allocated for the UEs within a UE group.

Proposal 7: The channel condition is based on the short time-scale measurement for CSI acquisition.

Proposal 8: The long or short time-scale measurement on interference/noise part may depend on some criteria (e.g., standard deviation of RSSI measurement results during a period) for CSI acquisition.
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