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1 Introduction
For support of SL enhancemnnent on the physical layer procedure, RAN1 has made the following agreements [1] in RAN1 AH1901 meeting. In this paper, we will discuss some aspects related to previous agreements and open issues such as HARQ feedback in mode 1, HARQ for SL groupcast communication, CSI acquisition, and transmission schemes for open-loop MIMO.

2 Discussions
2.1.  HARQ feedback in Mode 1
It has been agreed in the last meeting as below. 
	Agreements (RAN1 AH1901):
· 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


An issue for further study is about whether it is the transmitter UE and/or receiver UE that sends the indication to gNB for the need of retransmission. We think it is more appropriate for the receiver UE to send the indication with the reasons exploited in the following paragraphs. In our view, the receiver UE sends the HARQ feedback over the SL, and this feedback information is received by both the transmitter UE and the gNB. See Step 3 of Figure 1 as an example. 
In RAN1 AH1901, it was argued that having the receiver UE to indicate the need of retransmission may not be proper because the receiver UE may be outside the network coverage or it may have a different serving cell from the transmitter UE. We do not agree with this argument. In mode 1 for unicast, the typical scenario is both the transmitter UE and the receiver UE are within the coverage of the same cell. In mode 1, the BS schedules SL resource(s) to be used by UE for SL transmission(s). The BS tries the best to maintain the orthogonality of resources used by different UEs, although it may not be always possible to make the resources non-overlapping. If the transmitter UE and receiver UE are not in the coverage of the same cell, it is difficult for the gNB to assign a clean resource for SL communication. In this case, the distinction of mode 1 w.r.t. mode 2 is no longer there.  
It may be argued, although the typical scenario of unicast with mode 1 is both the transmitter and receiver UEs are in the same cell, the non-typical case that they are not in the same cell cannot be neglected and the decision (about whether it is the transmitter and/or receiver UE that sends the indication) should be based on an approach applicable to both cases. We do not agree. In our view, the mechanism for the switch between mode 1 and mode 2 should be supported. The resource allocation mode (mode 1 or mode 2) is configured to the transmitter UE before the SL communication starts. The mode can be reconfigured during the SL operation. It is also possible that mode 2 can serve as a fallback mode for resource allocation. Regarding the activation time of reconfiguration, we do not see the impact to service continuation. The gNB can assign a set of resources over a period of time to the transmitter UE either dynamically (e.g., multiple slots scheduling) or semi-statically (e.g., configured grant type 1). During reconfiguration of the resource allocation mode, the transmitter UE can still use the set of resources. Therefore, the decision about whether it is the transmitter UE or the receiver UE that sends the indication should be based on the typical scenario of mode 1. Even if the scenario changes to a non-typical case (e.g. the receiver UE leaves the coverage) during the SL operation, the resource allocation mode can be reconfigured without impact to service continuation.
The effectiveness of the indication depends on how soon the indication can be delivered. For latency sensitive services, the gNB would assign the resources to the transmitter UE for initial transmission and retransmissions at a time. This way of resource allocation, although having the benefit of a short latency, is inefficient in resource usage. The purpose of the indication to gNB is, when ACK is received, to inform that the previously assigned resource can be used for another new transmission. The benefit of such indication depends on how soon the indication can be delivered. 
The specification efforts should also be considered. For some services (e.g., those without strict latency requirement), the gNB may schedule the resource for each (re-)transmission one at a time. In this case, the purpose of the indication to gNB is simply the notification of scheduling the resource for retransmission. The decision about which UE sends the indication should be based on the consideration of specification efforts.  
Having the receiver UE indicating the need of retransmission has the benefits of shorter latency and less half-duplex constraint. It can reduce the latency incurred by routing the SL HARQ feedback via the transmitter UE. Besides, it can mitigate the half-duplex constraint as there is no need for the transmitter UE to monitor the SL HARQ feedback from the receiver UE, and the transmitter UE may utilize the time resource for transmitting other control or data.

Having the receiver UE indicating the need of retransmission is more suitable for scenarios with strict latency and/or reliability requirements. According to the requirements of V2X services specified in TS 22.186 [2], some V2X scenarios have strict requirements on both latency and reliability. For example, ‘Emergency trajectory alignment between UEs supporting V2X application’ and ‘Sensor information sharing between UEs supporting V2X application with higher degree of automation’ have requirements of 3 ms in latency and 1e-5 in reliability. To fulfil such scenarios in mode 1, at least the following conditions are needed: 1) sufficient radio resources for scheduling, 2) the half-duplex constraint is as less as possible. To fulfil the first condition, the pre-assigned resources for potential retransmissions should be released as soon as possible once it is known that retransmission is not needed. For the second condition, the occasions for transmission should be reduced as much as possible.  
The specification effort is less if it is the receiver UE that indicates the need of retransmission. Table 1 compares the tasks to be performed when the indication is sent by the transmitter UE or the receiver UE. It is seen, for the gNB, the only difference is whether the reception of A/N takes place at the SL resource or the Uu resource. Additionally, if the indication is to be sent by the transmitter UE, the transmission is at the Uu resource. While the transmitter UE may also support the eMBB communication at the same time (e.g., for pedestrian UEs), the handling of PUCCHs for eMBB and V2X should be taken into account in the specification as well as UE implementation. 
	Table 1. Comparison between indication sent by transmitter UE or receiver UE 

	
	Indication sent by Rx UE
	Indication sent by Tx UE

	Tasks of Rx UE
	· Send A/N at SL resource
	· Send A/N at SL resource

	Tasks of Tx UE
	· Receive A/N at SL resource
	· Receive A/N at SL resource

· Send A/N at Uu resource

	Tasks of gNB
	· Receive A/N at SL resource
	· Receive A/N at Uu resource


To summarize the discussion above, the observations and proposals are given below.
Observation 1: In mode 1 for unicast, the typical scenario is both the transmitter UE and the receiver UE are within the coverage of the same cell. The decision about whether it is the transmitter UE or the receiver UE that sends the indication should be based on the typical scenario of mode 1. 

Proposal 1: The mechanism for the switch between mode 1 and mode 2 should be supported.

Observation 2: The effectiveness of the indication to gNB depends on how soon the indication can be delivered. 

Observation 3: Having the receiver UE indicating the need of retransmission has the benefits of shorter latency and less half-duplex constraint. 

Observation 4: The specification effort is less if it is the receiver UE that indicates the need of retransmission.

Proposal 2: In mode 1 for unicast, the receiver UE sends an indication to gNB to indicate the need for retransmission.
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Figure 1. SL data retransmission by gNB
Due to the broadcast property for transmission and the known SL information at gNB, the gNB may also receive the SL data transmitted by the transmitter UE correctly. When the gNB receives a NACK for a SL data, the gNB may perform SL data retransmission in Uu link to the receiver UE directly. Accordingly, the receiver UE may reply ACK in the Uu link if received correctly. 
As the retransmission for SL unicast data transmission can be done either by V2X transmitter UE or gNB, to support efficient HARQ retransmission in SL communication, the adaptive retransmission can be supported by selecting BS or V2X transmitter UE to perform HARQ retransmission for SL communication depending on the SL A/N information and the channel condition. 

Proposal 3: NR supports the hybrid SL HARQ retransmission mechanism by selecting gNB or the trasnmitter UE to perform retransmission.

2.2. HARQ for SL groupcast communication

It has been agreed in RAN1 AH1901 as below. The HARQ mechanism for SL groupcast communication will be discussed under this section.
	Working assumption: (RAN1 AH1901)
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):

· Option 1: Receiver UE transmits only HARQ NACK

· Option 2: Receiver UE transmits HARQ ACK/NACK

· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption


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

Option 1: Receiver UE transmits only HARQ 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: Receiver UE transmits HARQ ACK/NACK.
· 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. As the requirements of various scenarios differ significantly [2], we suggest to confirm the working assumption so that both options are supported. 

Proposal 4: Confirm the following working assumption.

· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):

· Option 1: Receiver UE transmits only HARQ NACK

· Option 2: Receiver UE transmits HARQ ACK/NACK

· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption
Group-wise NACK resource:
For the NACK resource (applicable to both Options 1 and 2), a kind of grouping based HARQ NACK resource allocation mechanism can be used. For example, the UEs can be categorized as multiple groups according to some criteria. Within the group, the UEs share the common NACK resource without any distinction. Different NACK resources are configured for different UE groups. The criteria for UE grouping can be based on distance, CQI or RSRP, etc. 

As illustrated in Figure 2, UE can provide the NACK feedback in the corresponding resources based on the range of measured CQI/RSRQ as shown in Table 2.
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Figure 2. UE grouping based on RSRQ/CQI range for A/N resource allocation
Table 2. Mapping between CQI index range and A/N resources

	UE group
	CQI index range
	NACK resources configured by network

	Group #1
	0 - 4
	NACK resource #1

	Group #2
	5 - 9
	NACK resource #2

	Group #3
	10 - 15
	NACK resource #3

	Group #4
	Out-of-range
	No NACK resource (HARQ disabled)


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 transmitter UE via signaling on the grouping criteria.

As illustrated in Figure 3, UE grouping can also be based on the geometry location/area for NACK resource allocation. Different geometry location/area is configured with the different NACK resources but the same NACK resource is shared within the geometry location/area. From the groupcast transmitter UE perspective, it can identify the specific area or direction for retransmission based on the detected NACK resource and perform beam-forming for retransmission to improve the performance. For example, if NACK resource corresponding to Geo1 is received by the groupcast transmitter UE, it can perform the beam-forming towards Geo1 for retransmission more efficiently.
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Figure 3. UE grouping based on geometry location/area for NACK resource allocation 
Proposal 5: NR supports group based NACK resource allocation by grouping based on RSRQ/CQI range or geometry area. 

Proposal 6: CQI level can be used as criteria on whether to disable/enable HARQ feedback.

ACK resource in Option 2:
For Option 1, if the detected power level of NACK is low, then there are two possibilities. First, most receiver UEs have successfully decoded the data channel. Second, most receiver UEs cannot even decode the control channel. In order to distinguish the two cases, we can introduce additional common resource(s) for returning ACK (i.e., becoming Option 2) when the V2X scenario has higher reliability requirement. See Figure 4 for illustration. The common resource can be shared by all receiver UEs, or each UE group has its own dedicated resource but receiver UEs of the same group share the same resource. The resource of ACK has to be orthogonal to the resource of NACK. The transmitter UE detects the powers at the ACK and NACK resources to decide the further action. The thresholds for the received power of ACK and NACK (thdACK and thdNACK) may depend on the number of destination UEs. In Table 3, the action of the transmitter UE are given for various combinations of the detected powers at ACK and NACK resources. It is seen the additional common resource(s) of ACK can help differentiate the two cases of ‘most destination UEs have successfully decoded the data channel’ and ‘most destination UEs cannot even decode the control channel’.
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Figure 4. HARQ feedback without UE distinction

	Table 3. Various combinations for the detected powers at ACK resource and NACK resources

	Detected power at NACK resource
	> thdNACK
	> thdNACK
	< thdNACK
	< thdNACK

	Detected power at ACK resource
	> thdACK
	< thdACK
	> thdACK
	< thdACK

	Action of source UE
	Retransmit SL data channel
	Retransmit SL data channel
	No retransmission
	Retransmit SL control channel


Proposal 7: In Option 2, the resource for ACK can be common to UEs or UE groups to save the resource overhead for HARQ.
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 5: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 
Proposal 8: The channel condition is based on the short time-scale measurement for CSI acquisition.

Proposal 9: 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.
2.4. Transmission schemes for open-loop MIMO

Open loop MIMO can be considered for support as least to improve the performance of the control channel lacking the HARQ retransmission. There can be two OL-MIMO candidates for support in control channel: SFBC and precoder cycling. In this section, we refer to NR studies in [3] for evaluation of their performance. 

For the precoder-cycling scheme, REG-bundling size of 2 is appropriate by jointly considering frequency diversity, beamforming diversity, and channel estimation performance. The DMRS design of the control channel plays an important role in the performance comparison of different TxD schemes. In order to reduce the inter-cell interference introduced by the DMRS, we assume the DMRS exists only when its associated NR-PDCCH is transmitted. Therefore, for both SFBC and precoder-cycling schemes, the number of DMRS pilots used for interpolation of channel estimation depends on the number of bundled REGs. Regarding the DMRS density within an REG, we consider the DMRS patterns for which densities are no more than 33%. The DMRS patterns to be evaluated in simulations are depicted in Figure 5. In Figures 5(a) and 5(d), there are two antenna ports (AP). Figure 5(a) is the DMRS pattern for SFBC no matter the transmitter antenna configuration is 2 TX or 4 TX. Figure 5(d) is a DMRS pattern for precoder-cycling, where two APs are multiplexed by CDM. Figures 5(b) and 5(c) are the DMRS patterns for precoder-cycling with one AP.

Table 4 gives the summary of the evaluated cases. The DMRS densities adopted by NR eMBB corresponds to that of Case #3. More simulation assumptions are given in Table 5.

Table 4. Summary of simulated cases
	
	Transmission scheme
	DMRS density per REG
	DMRS pattern
	# of interpolation DMRS pilots in frequency direction
	# of REs for control signal transmission per CCE
	Code rate for DCI 20 bits in AL-1
	Code rate for DCI 60 bits in AL-1

	Case #1
	SFBC
	33%
	Figure 5(a)
	4
	48
	0.38
	0.79

	Case #2
	Precoder-cycling
	17%
	Figure 5(b)
	4
	60
	0.30
	0.63

	Case #3
	Precoder-cycling
	25%
	Figure 5(c)
	6
	54
	0.33
	0.70

	Case #4
	Precoder-cycling
	33%
	Figure 5(d)
	4
	48
	0.38
	0.79
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Figure 5. The DMRS patterns considered in simulations
Table 5. Simulation assumptions

	Parameters
	Values

	Duration of simulation
	10000 subframes

	Channel bandwidth 
	10 MHz

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	2 TX

	UE antenna configuration
	2 RX

	Channel type
	TDL-C

	RMS delay spread (DS)
	30 ns, 1000 ns

	UE speed
	3 km/hr

	Duration of control resource set 
	1 OFDM symbol

	DCI size
	60 bits

	CRC size
	16 bits

	Modulation order
	QPSK

	Number of REGs per CCE
	6

	CCE aggregation level
	1, 2, 4, 8

	REG bundling size 
	2

	REG-to-CCE mapping
	Frequency first and distributed mapping

	Signal generation flow
	LTE PDCCH-like

	Channel estimation
	MMSE based method, and only frequency direction interpolation is conducted


Evaluation results
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Figure 6. Performance for DCI 60 bits with RMS DS 30 ns and 2 TX
Figure 6 shows the evaluation results for the numbers of transmit antenna elements 2. The RMS delay spread (DS) is 30 ns, and the DCI size is 60 bits. Summing up the results in Figure 6, we have following observations.
· As shown in Figure 6, the gain of the precoder-cycling (Cases #2, #3, #4) over SFBC (Case #1) is about 1dB from aggregation levels 1 to 8. 
· The results of the precoder-cycling show that each DMRS pattern has its own favourable operation scenario. When the code rate is low, the corresponding SNR operation point is also low. The channel estimation accuracy dominates the BLER performance. Therefore, at aggregation level 8, more DMRS pilots for interpolation can help achieve better link-level performance. But, this is not the case when the code rate is high. The SNR operation point becomes higher. The channel estimation quality is good. The level of code rate becomes the key of the BLER performance. Therefore, the simulation cases with less RS overhead, e.g., Case #1 has better performance. 

According to the evaluation results and discussions, we have following observations:

Observation 6: In general, the precoder-cycling outperforms the SFBC. The gain of precoder-cycling is larger than 0.5dB when the code rate is low.
Therefore, we propose:

Proposal 10: The precoder-cycling is considered for support as the transmit diversity scheme for the SL control channel.

3. Conclusions
In summary, based on the above discussion we have the following observations and proposals for physical layer procedures:
Observation 1: In mode 1 for unicast, the typical scenario is both the transmitter UE and the receiver UE are within the coverage of the same cell. The decision about whether it is the transmitter UE or the receiver UE that sends the indication should be based on the typical scenario of mode 1. 
Proposal 1: The mechanism for the switch between mode 1 and mode 2 should be supported.

Observation 2: The effectiveness of the indication to gNB depends on how soon the indication can be delivered. 

Observation 3: Having the receiver UE indicating the need of retransmission has the benefits of shorter latency and less half-duplex constraint. 

Observation 4: The specification effort is less if it is the receiver UE that indicates the need of retransmission.

Proposal 2: In mode 1 for unicast, the receiver UE sends an indication to gNB to indicate the need for retransmission.
Proposal 3: NR supports the hybrid SL HARQ retransmission mechanism by selecting gNB or the trasnmitter UE to perform retransmission.

Proposal 4: Confirm the following working assumption.
When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):

Option 1: Receiver UE transmits only HARQ NACK

Option 2: Receiver UE transmits HARQ ACK/NACK

FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption

Proposal 5: NR supports group based NACK resource allocation by grouping based on RSRQ/CQI range or geometry area. 

Proposal 6: CQI level can be used as criteria on whether to disable/enable HARQ feedback.

Proposal 7: In Option 2, the resource for ACK can be common to UEs or UE groups to save the resource overhead for HARQ.
Observation 5: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 

Proposal 8: The channel condition is based on the short time-scale measurement for CSI acquisition.

Proposal 9: 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.

Observation 6: In general, the precoder-cycling outperforms the SFBC. The gain of precoder-cycling is larger than 0.5dB when the code rate is low.
Proposal 10: The precoder-cycling is considered for support as the transmit diversity scheme for the SL control channel.
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