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Introduction
In the RAN#83 plenary meeting, the WID for Rel-16 NR V2X has been approved [1]. According to the WID, one of the objectives is to specify solutions for mode 1 resource allocation. In the RAN1#96b meeting, the following agreements have been achieved for mode 1 resource allocation. 
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 this contribution, we share some further discussions on the scheduling aspects for NR-V2X mode 1 resource allocation.

[bookmark: _Ref228947482]Discussion
Destination UE/UE group indication in DCI
For HARQ operation in sidelink unicast/groupcast transmission, it has been agreed by RAN1 that sidelink HARQ-ACK feedback and HARQ combining in the physical layer are supported and Layer-1 destination ID is conveyed via PSCCH. One issue worth to be further considered is whether the DCI with sidelink grant should also indicate which destination UE/UE group the scheduled resource in mode 1 is intended for. 
In our view, the destination UE/UE group which is associated with the scheduled resource should be indicated to the transmitter UE. By this way, the ambiguity on resource allocation can be avoided especially when a transmitter UE has more than one sidelink unicast/groupcast transmission in parallel towards different destination UEs/UE groups. In that case, if the destination UE/UE group is not indicated in the DCI, the transmitter UE cannot distinguish which destination UE/UE group the scheduled resource is intended to be used for. Even if the transmitter UE can autonomously determine the usage of the scheduled resource, there can be a mismatch between the scheduled resource and the desired destination UE/UE group. This kind of mismatch will bring negative impact on sidelink transmissions from both the UE and the system perspectives. In contrast, by indicating the associated destination UE/UE group, the most suitable resource can always be used for sidelink transmission towards a certain destination UE/UE group.
One example is provided in Figure 1 to show the aforementioned ambiguity issue. In Figure 1, UE 1 operating in mode 1 needs to perform two sidelink transmissions towards UE 2 and UE 3 respectively. In the DCI with sidelink grant, the gNB will indicate resource allocation related parameters for sidelink transmissions. Since HARQ processes are independently numbered for each sidelink connection, a same HARQ process ID “x” is assumed in Figure 1. If the destination UE/UE group of the scheduled resource is not indicated in the DCI, UE 1 cannot distinguish whether the resource scheduled by the gNB is intended for an initial transmission on HARQ process x to UE 2 or a retransmission on HARQ process x to UE 3. Therefore, UE 1 may misuse the resource intended for retransmission to UE 3 for an initial transmission to UE 2, which is an undesirable behavior and may impact the reliability of sidelink transmissions to UE 3. 


Figure 1. An example for mode 1 resource allocation

Proposal 1: For mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.

Retransmission indication to gNB
In the RAN1#96 meeting, the following agreements on indicating retransmission in mode 1 for unicast and groupcast have been made. 
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.
Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

In the RAN1#96b meeting, it has been captured in the chairman’s notes [2] to revisit the issue 2.4 as in R1-1905834 [3] in RAN1#97. The part to be revisited is about reporting SR/BSR to the gNB to indicate the need for retransmission. Some concerns on reporting SR/BSR have been raised. In this section, we share some further discussions on reporting to the gNB to indicate the need for retransmission. 
From the agreements and the FFS point of the RAN1#96 meeting, the indication of the need for retransmission of a TB transmitted by the transmitter UE to the gNB can be in the form of SR/BSR. Depending on whether the gNB is aware that SR/BSR is for retransmission or not, the gNB’s behavior can by characterized by either of the two cases below. Based on the following discussions from the perspectives of SR/BSR trigger and SR/BSR indication for sidelink retransmission, it can be seen that both the cases will require some SR/BSR enhancements. 
· Case 1: The gNB does not know/care whether UE’s request/indication (SR/BSR) is for new data transmission or retransmission. Therefore, the gNB just allocates sidelink resources.
In this case, a new sidelink SR/BSR trigger may need to be defined where the transmission of SR/BSR is triggered by sidelink retransmission. More specifically, NACK or the need for retransmitting a TB may also trigger a sidelink SR or a sidelink BSR in the transmitter UE’s MAC layer. The details can be discussed in RAN2. 
Since the gNB is not aware of the intention of the sidelink SR/BSR (for new data transmission or retransmission), it is up to the transmitter UE to determine whether the allocated sidelink resources by the gNB will be used for new transmission or retransmission of a TB. 
· Case 2: The gNB allocates sidelink resources for adaptive retransmission
In this case, besides the new sidelink SR/BSR trigger based on sidelink retransmission as mentioned in Case 1, sidelink SR or BSR can also indicate some specific information for the TB to be retransmitted, e.g. the HARQ process ID and/or destination ID associated with the TB. By this way, the gNB can identify that the TB is for retransmission, and then adapt the allocated sidelink resources for the retransmitted TB. Again, the details for sidelink SR/BSR trigger and indication can be discussed in RAN2. 
Based on the above discussions, sidelink SR/BSR needs to be enhanced for both of the above cases to indicate the need for retransmission in sidelink. Since SR/BSR trigger and SR configurations/BSR MAC CE format for sidelink retransmission are within RAN2 scope, the details of sidelink SR/BSR enhancements could be decided by RAN2. 
Proposal 2: When sidelink SR/BSR is intended to be used for indicating retransmission to the gNB, SR/BSR should be enhanced to enable this functionality. Details of the enhancements are up to RAN2 decisions. 

Another alternative is reporting HARQ-ACK to the gNB. When the gNB receives NACK, it will know that retransmission is needed. Compared with reporting SR/BSR, reporting HARQ-ACK can be a more timely way to indicate the need for retransmission. This is due to the fact that a UE can directly follow sidelink HARQ-ACK timing to transmit HARQ-ACK, whereas a UE may have to wait for an available SR occasion to transmit SR. Previously, the intention of agreeing on SR/BSR reporting is to reduce standardization work. However, SR/BSR reporting anyway needs some RAN2 work based on the above discussions. If this will bring too much work, it might be reconsidered to report HARQ-ACK to the gNB. 
Proposal 3: The intention of agreeing on reporting SR/BSR to indicate retransmission is to avoid additional standardization work. If there is anything strongly against this intention, it could be reconsidered to report HARQ-ACK to the gNB.

SR/BSR enhancement
In LTE-V2X, dynamic resource allocation follows the SR-BSR procedure. In other words, if there is no available resource/grant when V2X traffic arrives at the UE side, the UE shall send SR for requesting uplink resources first, and then transmit sidelink BSR according to the received UL grant. Based on the sidelink BSR, the eNB can schedule corresponding sidelink resources, accordingly. 
One concern for this SR-BSR procedure is latency. According to [4,5], some use cases for NR-V2X, e.g., advanced driving and extended sensors, require maximum end-to-end latency of 3 ms. It is difficult for the legacy SR-BSR procedure used in LTE-V2X mode 3 to achieve such stringent latency requirement. Based on the analysis in [6], if NR-V2X follows the same procedure, the minimum latency is 2.75 ms in physical layer for the system employing 30kHz SCS in both Uu link and sidelink. Considering the propagation delay and processing delay at upper layers, the end-to-end latency would be larger than 3ms.
Observation 1.  The dynamic resource allocation mechanism used in LTE sidelink has difficulty to meet the stringent latency requirement of NR-V2X.

To reduce the latency, one candidate solution is a fast sidelink resource allocation method. In RAN2#105, it was agreed to support separate SR resources and configurations for uplink and sidelink in NR sidelink mode 1 [7]. RAN2 also agreed to support multiple SR resources and configurations for different sidelink logical channels. Therefore, it is possible to configure a set of SR resources dedicate for low-latency V2X packets. When a sidelink packet with stringent latency requirement arrives at a UE, as shown in Figure 2, the UE can use low-latency dedicated SR resource to send sidelink resource request.  After receiving the SR, the gNB can respond by sending a sidelink grant to the UE. Comparing with the legacy LTE-V2X mode 3, the latency caused by the coordination between the gNB and the UE can be reduced significantly. 
[image: ]
Figure 2. Fast sidelink resource allocation mechanism 

Proposal 4: NR-V2X mode 1 dynamic resource allocation supports the fast sidelink resource allocation method (i.e., based on sidelink SR transmitted on dedicated resources). 

Resource sharing with NR Uu
In the RAN1#96 meeting, the following agreements have been achieved to identify the available time resources for sidelink.
Agreements:
· [bookmark: OLE_LINK140][bookmark: OLE_LINK141]For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
· 

According to the agreements, it is supported to use only a subset of symbols in a slot for NR sidelink. This is mainly for the case when NR sidelink shares a frequency band with NR Uu. Considering that the symbols in NR Uu can be “downlink”, “flexible” or “uplink”, it needs to be further decided which types of symbols can be used for NR sidelink. Following LTE V2X design principles, at least uplink symbols should be available for NR sidelink. As for flexible symbols in NR, since they might be overwritten as downlink e.g. by DCI format 2_0, it may not be safe to always assume flexible symbols are available for sidelink. From the spectral efficiency perspective, it can be further studied how to utilize flexible symbols for sidelink. 
Proposal 5: At least uplink symbols can be used for sidelink when sharing a frequency band with NR Uu.

Sidelink PHR
Currently in NR uplink, PHR is used to provide power headroom information in the UE to the gNB. From the reported PHR, the gNB can derive the UE’s transmission power and uplink pathloss. Then the gNB can control the UE’s transmission power and perform link adaptation to adjust MCS and PRB allocations to the UE. 
According to the new NR-V2X WI, power control and link adaption in sidelink will be specified for mode 1. For the similar reason as in NR uplink, sidelink related PHR, which can provide power headroom information on sidelink PSSCH/PSCCH/PSFCH transmissions in dedicated carriers or shared carriers, may also be useful for the gNB’s mode 1 scheduling. Therefore, the potential benefit of introducing sidelink PHR for mode 1 can be further discussed. 
Proposal 6: The benefit of sidelink PHR for mode 1 can be further studied. 
[bookmark: OLE_LINK43]
Conclusions
In this contribution, we share views on some design aspects for NR-V2X mode 1 resource allocation. The proposals are highlighted as follows.
Proposal 1: For mode 1, the DCI with sidelink grant should indicate the destination UE/UE group of the scheduled resource.
Proposal 2: When sidelink SR/BSR is intended to be used for indicating retransmission to the gNB, SR/BSR should be enhanced to enable this functionality. Details of the enhancements are up to RAN2 decisions. 
Proposal 3: The intention of agreeing on reporting SR/BSR to indicate retransmission is to avoid additional standardization work. If there is anything strongly against this intention, it could be reconsidered to report HARQ-ACK to the gNB.
Observation 1.  The dynamic resource allocation mechanism used in LTE sidelink has difficulty to meet the stringent latency requirement of NR-V2X.
Proposal 4: NR-V2X mode 1 dynamic resource allocation supports the fast sidelink resource allocation method (i.e., based on sidelink SR transmitted on dedicated resources). 
Proposal 5: At least uplink symbols can be used for sidelink when sharing a frequency band with NR Uu.
[bookmark: _GoBack]Proposal 6: The benefit of sidelink PHR for mode 1 can be further studied. 
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