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In RAN#83 Plenary, a new WID on 5G V2X with NR sidelink was approved with the following resource allocation Mode 1 related objectives [1]:
	· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome


In RAN1#96bis meeting [2], the agreements on resource allocation of mode 1 were achieved as followed:
	Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.



In RAN1#96 meeting [3], the followed agreements on HARQ operation for mode 1 were achieved:
	Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.


In RAN1#97 meeting, the followed agreement on dynamic grant for mode 1 was achieved:
	Agreements:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.


In RAN1#98 meeting, the followed agreements on HARQ operation were achieved:
	Agreements:
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS



Agreements:
· DCI indicates the slot offset between DCI reception and the first sidelink transmission scheduled by DCI.

· The minimum gap between DCI and the first scheduled sidelink transmission is not smaller than the corresponding UE processing time.
· Details FFS

In this contribution we discuss HARQ operation for mode-1 and the mechanisms of resource allocation for NR-sidelink based on NR Uu.
Discussion
HARQ operation for mode-1
As agreed in the last Prague meeting, the NR-DCI (similar to DCI 5A) transmitted by the gNB to the TX UE should indicate the feedback timing and the resource required by the TX UE to transmit SL HARQ feedback to gNB to inform the need for retransmission grant for the TB as shown in the Figure 1. The advantage of this method is the amount of standardization effort needed is less and the existing NR-PUCCH design can be effectively reused. 
Proposal 1: Reuse NR-UL PUCCH design to report SL HARQ feedback to gNB
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Figure 1: Showing DCI indicating the UL feedback timing and resource for mode 1

SL-HARQ feedback configuration over UL 
For mode1, as agreed in RAN1 #97 and RAN1 #98, a dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH and the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH. The following alternatives should be considered:
Alternative 1: gNB indicates the resources for one SL transmission of a TB and its associated SL/UL feedback. After received the UL feedback, if the feedback information is ACK, gNB may schedule a new SL transmission, else if the feedback information is NACK, gNB may schedule the retransmission of the same TB. The potential issue of this alternative is that, if the SL transmission is failure (i.e., Rx UE feedback NACK on SL feedback resource), Tx UE may feedback NACK on UL feedback resource and wait for a new dynamic grant to indicate the resources for retransmission and its associated SL/UL feedback. However, time delay is a serious problem, especially considering delay sensitive V2X service.
Alternative 2: gNB indicates one UL feedback resource corresponding to multiple SL transmissions of a TB and their associated SL feedback resources. Resource wastage is the potential issue of this alternative, if the SL transmission is decoded successfully earlier by Rx UE(s) compared to the indicated (re)transmission. The resource utilization efficiency of SL is affected, it results in lower SL resource utilization considering certain error rate and larger SL TB size.
Alternative 3: gNB indicates multiple UL feedback resources corresponding to multiple SL transmissions of a TB and their associated SL feedback resources. Resource wastage can be avoided if the SL transmission is decoded successfully earlier by Rx UE(s) by this method. If gNB receive ACK on UL feedback resource, gNB may re-allocate (if any) the residual resource of SL transmission(s) and their associated feedback resource(s) for other new TB transmission or to other UE(s). Else gNB receive NACK on UL feedback resource, gNB may or may not provide further re-transmission resource based on the remaining latency requirement and if necessary, an upper limit is defined for the time a soft buffer/HARQ process is used for the decoding of a SL TB. This alternative may allocate more number of UL feedback resources comparing with alternative 2 but comparing the trade-off between UL feedback and SL data resource utilization efficiency, alternative 3 is preferred. 
Proposal 2: Mode-1 dynamic grant scheduling multiple SL transmissions of a TB, gNB configures multiple UL feedback resources corresponding to multiple SL transmissions of a TB and their associated SL feedbacks
For alternative 3, since (re)transmission resources are already provided for multiple sidelink transmissions occasion of a TB, gNB may do nothing after receiving NACK on every configured UL feedback resource. Therefore, NACK resource is not needed for the non-last SL TB transmission. The corresponding cyclic shift (i.e., code domain feedback indicator) can be used for other UE whose feedback can be indicated on the same UL feedback resource. Therefore, ACK only feedback resource on the PUCCH can be considered.
Proposal 3: ACK only feedback resource on the PUCCH can be considered
Enabling SL HARQ feedback for a TX UE
In last Prague meeting, some companies proposed NR-DCI to enable SL HARQ feedback for a TX UE’s sidelink transmission. This should be discussed further with RAN-2, because the TX UE performs logical channel prioritization procedure only after the reception of DCI grant for SL transmission from gNB. The enabling of SL HARQ feedback for a TX UE is decided only after the TX UE performs the logical channel prioritization procedure and hence the enabling of SL HARQ feedback is controlled by TX UE only. 
Proposal 4: Send a LS to RAN2 to clarify whether the SL HARQ feedback is enabled by gNB or TX UE   
Since the feedback timing and frequency/code resource for PUCCH is indicated by gNB in NR-DCI, RAN1 should further discuss about the TX UE behaviour on SL HARQ feedback reporting to gNB on PUCCH resource, in-case the TX UE does not enable SL HARQ feedback reporting from RX UE(s). In one way, the TX UE could transmit ACK in the PUCCH resource to avoid getting re-transmission grant from gNB.  
Proposal 5: RAN1 should further discuss about the TX UE behavior on SL HARQ feedback reporting to gNB on PUCCH, if the SL HARQ feedback is not enabled by the TX UE

SL-HARQ feedback error handling 
Scheduling enhancement for the TX UE to mitigate the packet loss needs to be discussed for unicast & groupcast transmission for control channel decoding errors of SL HARQ feedback at the gNB side like NACK to ACK, ACK to NACK that are summarized in Table 1. Different options for TX UE behavior are also summarized in the below table and some of the options requires both RAN1 and RAN2 work. RAN1 could further discuss about the list of error cases, down-select the UE behavior options and send a LS to RAN2 with RAN1 preferred options so that RAN2 could prepare solution within Release 16 time frame.  

Proposal 6: Study about the SL HARQ feedback errors at the gNB, send a LS to RAN2 with RAN1 preferred TX UE behavior option 

	Error cases on NR-Uu between gNb and TX UE for SL HARQ feedback decoding
	gNB DCI Transmission
	TX UE interpretation from DCI Reception  
	TX UE behavior considering different options 

	NACK to ACK Error 
	NDI is toggled from the previous DCI transmission for that HARQ process, same or different TB size
	TX UE considers NDI toggled
	Option1:
Retransmit the pending transport block for that HARQ process using NR mode-2 operation 
(AND)
Option 1a:
TX UE could perform new transmission using internally a different SL HARQ process id based on the allocated resource in the received DCI; or,
Option 1b: 
TX UE could ignore or skip the DCI grant and transmit ACK to the base station 

	
	
	
	

	ACK to NACK Error 
	NDI is un-toggled, same TB size
	TX UE considers NDI un-toggled 
	Option 1: 
TX UE generate new transmission according to the resource allocated in the DCI.
 Option 2:
Ignore or skip the DCI and transmit ACK in the corresponding feedback  
Option 3:
TX UE trigger SL BSR reporting 

	
	
	
	

	
	
	
	

	
	
	
	


Table 1: Summary of the different HARQ error cases handling for NR mode 1

NR Mode 1 and Mode 2 transmission in a shared resource pool 
[bookmark: _GoBack]In LTE V2X Release 15, Mode 3 and Mode 4 sidelink operation can share the same resource pool and certain enhancement were discussed to avoid resource collision scenario like mode 3 UE reporting sensing results to gNB on the configured resource pool. In NR-V2X to increase the resource pool utilization efficiency, NR mode 1 and NR mode 2 should be allowed to share the same resource pool. However, NR-V2X has different sets of requirements like lower latency, higher reliability, cast type, dynamic scheduling for aperiodic traffic and configured grant (CG) for periodic traffic and these requirements should also be taken into consideration while studying about resource pool sharing. Below Table 2 summarizes about type of resource collision and pre-emption when a Mode-2 UE having a high priority V2X packet for transmission compared to the lower priority TX UE operating in Mode-1 after receiving the pre-emption indication transmitted by other UE(s) in PSCCH. Methods to transmit pre-emption indication should be discussed under the Mode-2 resource allocation topic. Here in Mode-1 topic, when a TX UE is getting pre-empted requires resource (re)selection to find new candidate resource for transmitting the pre-empted resource, various TX UE behavior options based on the type of collision between them are analyzed for further discussion in RAN1. Further both RAN1 and RAN2 decided against transmitting SR/BSR to request resource for retransmission from gNB and hence RAN1 should further down-select from the listed options for further discussion.  

Proposal 7: RAN1 should further study about the various implications of mode-1/mode-2 operation sharing a resource pool and the corresponding TX-UE behavior for resource (re)selection

	If high priority mode 2 CG resource pre-empts a TX UE having a mode 1 CG resource, then the TX UE signals to the gNB for resource (re)selection & activation of another CG resource depends on the type of collision 

Type of resource collision: 
Periodic or series collision of resources

option1:
TX-UE transmit UE assistance information to inform gNB about the duration/resource (whether initial or reserved resource) are getting collided

option2:
TX-UE makes SR/BSR transmission after receiving pre-emption indication from other mode-2 sidelink UE(s)
	If high priority mode 2 dynamic resource pre-empts a TX UE having a mode 1 dynamic resource, then the TX UE signals to the gNB for resource (re)selection depends on the type of collision

Type of resource collision:
Single/One shot collision between them

option 1: 
TX-UE transmit SL HARQ-NACK feedback to gNB in  PUCCH resource to inform the need for (re)-transmission resource 

option2:
TX UE could (re)transmit Mode 1 pre-empted resource with mode 2 operation and optionally transmit ACK sent to gNB, This ACK can be sent even before the mode 2 (re)transmission without the waiting for SL ACK/NACK feedback from RX UE(s)

	If high priority mode 2 dynamic resource pre-empts a TX UE having mode 1 CG resource, then the TX UE signals the need for resource (re)selection depending on the type of collision 

Type of resource collision:
Single/One shot collision between them

option1:
TX-UE transmit SL HARQ-NACK feedback to gNB in PUCCH resource to inform the need for (re)-transmission resource and gNB provides (re)-transmission grant before packet delay budget.
In this case, 
configured grant resource (re)selection is not needed and the pre-empted resource can be dynamically scheduled

option2: 
Mode-1 pre-empted resource could also be (re)transmitted with mode 2 operation before PDB and optionally transmit ACK sent to gNB, This ACK can be sent even before the mode 2 (re)transmission without the waiting for SL ACK/NACK feedback from RX UE(s)
	If high priority mode 2 CG resource pre-empts a TX UE having mode 1 dynamic resource, then the TX UE signals to the gNB for resource (re)selection depending on the type of collision

Type of resource collision:
Single/One shot collision between them

option1:
TX-UE could transmit SL HARQ-NACK feedback to gNB in  PUCCH resource to inform the need for (re)-transmission resource

option2:
TX UE could (re)transmit Mode 1 pre-empted resource with mode 2 operation and optionally transmit ACK sent to gNB, This ACK can be sent even before the mode 2 (re)transmission without the waiting for SL ACK/NACK feedback from RX UE(s)


Table 2: Summarizing Mode1/Mode2 resource collision behavior in a shared resource pool
        
NR Mode 1 Inter UE resource collision 
The processing time for SCI transmission from the received DCI grant is still under discussion and in some cases the TX UE could receive a DCI grant from the gNB and while processing and generating the corresponding SCI, the TX UE receives SCI either with a reservation request or pre-emption indication (PI) from another sidelink UE having higher priority level and finds there is a resource collision between them. While the scenario is same as listed in the above section on shared resource pool between mode1/mode2, still the mode-1 inter UE resource collision could also happen in a separate resource pool allocated for mode-1 due to different V2X priority levels and low latency V2X packet transmission. RAN1 should further analyze such cases and study various TX UE behavior options.  
In the first option, the TX UE does not generate and transmit SCI for the low priority V2X packet and then the TX UE transmit SL HARQ-NACK feedback to gNB in the configured PUCCH resource for a (re)transmission grant. Then, in the second option, Mode-1 pre-empted resource could also be (re)transmitted under mode 2 operation and as a further enhancement, a SL HARQ-ACK is sent to gNB,  this ACK can be sent even before the mode 2 (re)transmission without the waiting for SL ACK/NACK feedback from RX UE(s). 
Proposal 8: RAN1 should discuss further about the case of Mode-1 inter-UE resource collision and its associated TX-UE behavior 

Level of control by the gNB 
LTE-V2X mode-3 is used for sidelink resource allocation for in-coverage scenario. In this mode, eNB transmits DCI format-5A to indicate the resource allocation for sidelink transmission. It is beneficial to resource collision avoidance. When there are multiple broadcast sessions to be transmitted, the sidelink TX UE can determine which broadcast session will be transmitted using the resource indicated by DCI format-5A. However for NR V2X, besides broadcast, unicast and groupcast are also supported. For unicast and groupcast, the sidelink transmission is only towards a certain UE or some certain UEs.
Compared with LTE V2X, NR V2X has the following enhancements:
1. Support different transmission types, e.g., unicast, groupcast and broadcast. 
2. Support high frequency, e.g., FR2 for NR sidelink, and the associated beamforming scheme.

If LTE V2X mode-3 is reused in NR-V2X, some issues need to be considered:
· Half-duplex 
As shown in Figure 1, UE#1 has three unicast sessions towards UE#2, UE#3 and UE#5 respectively, and UE#2 has one unicast session towards UE#4. gNB can assign resources for UE#1 and UE#2 for sidelink transmission. For UE#1, if it transmits the unicast session to UE#2 on the assigned resource, there will be half duplex issue for UE#2 because at the same time UE#2 is transmitting a unicast session to UE#4.
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Figure 2. Sidelink transmission for NR mode-1
· Multiple beam 
NR sidelink should support FR2, and this means that beamforming will be used for sidelink communication. For example, as shown in Figure 2, there are three sidelink sessions to be transmitted for UE#1. If UE#1 determines the actually transmitted session on the allocated resource, it is possible that UE#1 and UE#4 perform sidelink transmission towards UE#2 at the same time. If UE#2 only has one RX beam, UE#2 may miss the transmission from UE#1 or UE#4. Hence, the network should avoid this situation. Although the FR2 will not be supported in Rel.16, considering the forward compatibility we should consider to avoid this situation.
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Figure 3. Sidelink transmission under multi-beam
Based on the aforementioned cases, a straightforward solution is to indicate the information of the Rx UE in DCI so that the network can assign sidelink resource for a specific Rx UE. In this way, the system performance can be enhanced.
Proposal 9: For NR sidelink mode-1, the DCI for sidelink scheduling grant should indicate the RX UE(s) for the allocated resource
To indicate RX UE(s) for mode-1 resource allocation, an obvious solution is the explicit indication: the destination ID of the reception UE(s) is included in the DCI for sidelink resource allocation. Each sidelink UE has destination ID for unicast, destination Group ID for groupcast and destination ID for each broadcast service. However in LTE sidelink the L2 destination ID is 24 bits. If the L2 destination ID is transmitted within the DCI, the overhead is significant. To reduce the size of DCI, implicit indication should be studied, e.g., using the reported list of destination ID(s) or reported BSR MAC-CE.
Proposal 10: Design implicit scheme to indicate the RX UE(s) for mode-1 resource allocation to save the DCI payload size. Followed two methods can be considered:
· The DCI includes an indicator corresponding to the reported list of destination ID(s) to indicate the target UE(s)
· The DCI includes an indicator corresponding to the reported BSR MAC-CE to indicate the target UE(s)

Conclusion
In this contribution, we discuss the mechanisms for NR sidelink resource allocation mode-1. We have the following proposals:
Proposal 1: Reuse NR-UL PUCCH design to report SL HARQ feedback to gNB
Proposal 2: Mode-1 dynamic grant scheduling multiple SL transmissions of a TB, gNB configures multiple UL feedback resources corresponding to multiple SL transmissions of a TB and their associated SL feedbacks
Proposal 3: ACK only feedback resource on the PUCCH can be considered
Proposal 4: Send a LS to RAN2 to clarify whether the SL HARQ feedback is enabled by gNB or TX UE   
Proposal 5: RAN1 should further discuss about the TX UE behavior on SL HARQ feedback reporting to gNB on PUCCH, if the SL HARQ feedback is not enabled by the TX UE
Proposal 6: Study about the SL HARQ feedback errors at the gNB, send a LS to RAN2 with RAN1 preferred TX UE behavior option 
Proposal 7: RAN1 should further study about the various implications of mode-1/mode-2 operation sharing a resource pool and the corresponding TX-UE behavior for resource (re)selection
Proposal 8: RAN1 should discuss further about the case of Mode-1 inter-UE resource collision and its associated TX-UE behavior 
Proposal 9: For NR sidelink mode-1, the DCI for sidelink scheduling grant should indicate the RX UE(s) for the allocated resource
Proposal 10: Design implicit scheme to indicate the RX UE(s) for mode-1 resource allocation to save the DCI payload size. Followed two methods can be considered:
· The DCI includes an indicator corresponding to the reported list of destination ID(s) to indicate the target UE(s)
· The DCI includes an indicator corresponding to the reported BSR MAC-CE to indicate the target UE(s)
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