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1 Introduction

In the RAN2#105 meeting [1], the NR V2X SI has recommended that simultaneous mode 1 and mode 2 configuration may be supported for NR V2X UE:

1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.
In this contribution, we discuss the resource allocation issues for a dual-mode UE which can perform both mode 1 and mode 2 resource allocation.
2 Discussions
In LTE-V2X, UE supports only one resource allocation mode, among the following two:
Mode 3: resource allocated by NW (dynamic scheduling or SPS scheduling)

Mode 4: autonomous resource allocation by UE.
In NR V2X, UE may also support only one resource allocation mode, among the following two:
Mode 3: resource allocated by NW (dynamic scheduling or configured Type 1 or Type 2 scheduling)

Mode 4: autonomous resource allocation by UE.

But in addition to above, a NR V2X UE may also support a dual-mode UE which can be simultaneously configured with both mode 1 and mode 2. This dual mode UE may need transmit in both mode 1 and mode 2 resources.
For V2X services with a variety of QoS requirements, some services may be better served with mode 1 resource allocation, while some services may be more suitable for mode 2 resource selection. This kind of  restriction will cause a mode-specific SL grant, in which only logical channels are configured to use one specific mode are allowed to be multiplexed. As a result, the UE may simultaneously have traffic to be sent in both a mode 1 SL grant and a mode 2 SL grant. 

Observation 1
Introduction of mode-specific SL grant may cause UE to transmit in both a Mode 1 SL grant and a Mode 2 SL grant. 
Then, potential conflicts may occur between mode 1 and mode 2 TX resources when both modes co-exist in the same UE, i.e., the resources may overlap in time and the UE cannot transit both (beyond UE’s TX capability). It is worth noting that this is not limited to the mode 1 and mode 2 resource pool sharing case. Here are some examples:
· Example 1: SL resources overlap in time and frequency.

· Example 2: 
SL resources overlap in time but in different sub-channels (in frequency domain). However, UE capability does not allow the UE to transmit more than 1 SL transmissions at one time (subframe/slot).

· Example 3: UE can transmit more than 1 SL transmissions at a time. However, those two transmissions in respective modes are scheduled in different beam directions, while the UE cannot TX in both two beam directions.

The underlying reason for this is that when gNB conducts mode 1 resource allocation, it does not know which mode 2 resource reserved by the UE for mode-2 transmissions.
To deal with this resource collision, we can adopt a UE-based prioritization method based on “SL-Priority”. Similar to the SL priority used in LTE-V2X for resource selection, this priority of a sidelink MAC PDU in NR V2X can be determined by the highest priority of the logical channel multiplexed in the MAC PDUs. So, when UE detects the conflicting grant, UE could do a direct comparison of SL priority levels between two transmissions and prioritize the higher-priority one.
Proposal 1:
Compare SL Priority of two SL PDUs of different modes to decide which packet is prioritized, if scheduling in overlapping time.
For the case that the packets of two respective modes having the exact same SL priority, we need to consider how to do a tie-breaking. For example, UE may prefer Mode-1 transmission because it cause some signaling overhead to obtain the SL grant in mode 1, while UE can always select another SL resource for mode 2 transmission without incurring any Uu signaling. Or, the UE can check the second highest priority LCH if the MAC PDU multiplex the traffic from more than one logical channels.

Proposal 2:
RAN2 discuss tie-breaking options in case of MAC PDUs of different mode has same SL priority.

The first pro-active solution is to enhance the dual-mode UE’s mode 2 resource selection algorithm. Basically, when UE conducts mode 2 resource allocation, the UE could take into account all the future mode 1 resource usages into the “resource exclusion” step. For example, Configured Type 1 and Type 2 grants, once activated, are scheduled to be repetitively used by this UE. Thus, UE should avoid select a resource for mode 2 overlapping with those mode 1 SL grants, so that it will not end up choosing a SL resource colliding with mode 1 SL grants persistently.
Proposal 3:
UE’s mode 2 resource selection take into account all the scheduled mode 1 grants (including Configured Type 1 and Type 2 grants) 1 into the “resource exclusion” step.
Finally, RAN2 can also consider to allow dual-mode UE reports its own mode-2 resource usage to gNB. This will help gNB to schedule non-conflicting mode 1 sidelink resources. For example, UE can report this information in UEAssistanceInformation, However, since this will incur additional signaling overhead. On the other hand, the UE may have an easy solution to address the resource conflicting issue, as suggested in Proposal 1. Thus, RAN2 may need decide whether such a reporting mechanism is needed. . 
Proposal 4: 
RAN2 to discuss whether and how dual-mode UE reports mode 2 resource usage to gNB.
3 Conclusion

In this contribution, we discussed the resource allocation issues for UEs which have both mode 1 and mode 2 simultaneously configured. Based on the discussion, we have the following observation:

Observation 1
Introduction of mode-specific SL grant may cause UE to transmit in both a Mode 1 SL grant and a Mode 2 SL grant.
Then, we have the following proposals:
Proposal 1:
Compare SL Priority of two SL PDUs of different modes to decide which packet is prioritized, if scheduling in overlapping time.
Proposal 2:
RAN2 discuss tie-breaking options in case of MAC PDUs of different mode has same SL priority.

Proposal 3:
UE’s mode 2 resource selection take into account all the scheduled mode 1 grants (including Configured Type 1 and Type 2 grants) 1 into the “resource exclusion” step.

Proposal 4: 
RAN2 to discuss whether and how dual-mode UE reports mode 2 resource usage to gNB.
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