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1. Introduction
In RAN2 #104 meeting [1], CP aspects design of NR sidelink was discussed and the following agreements about mode control have been reached:

	4: RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable


Also, an email discussion “[104#59] [NR/V2X] Resource allocation” was left and possible scenarios were discussed including e.g. scenarios for multiple QoS requirements and different RATs. Later in RAN2 #105 meeting, it is finally confirmed that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission [2].
This contribution will give analysis on the dual configuration of different modes and give some open issues/questions to be resolved in the WI stage, including how to handle LCP, power sharing and grant collision. The revised part compared to the original contribution is to discuss whether the mode-1 and mode-2 resources are in shared/separated pools and potential impacts.
2. Discussion
2.1 Supporting scenario 
First, it has been agreed that multiple resource pools can be configured to a single UE in a given carrier. For a UE who is configured to perform both mode-1 and mode-2 at the same time, the resources allocated by gNB and selected autonomously by UE may come from a same resource pool or different ones. There are generally two cases about pools where the resources allocated by gNB and selected autonomously by UE (called mode-1 and mode-2 resources here for simplicity) may come from :

· Case 1 : mode-1 resources and mode-2 resources are in one shared pool. 

· Case 2 : mode-1 resources and mode-2 resources are in separated pools.

In case 1, the mode-1 resources and mode-2 resources may collide both in time and frequency domain. Since gNB is not aware of the resources selected by UE mode-2, in order to deal with this issue, the dual mode UE needs to inform gNB of the sidelink resources that it intends to use in mode-2 in advance, causing large UL overhead and complex strategy of resource allocation. Moreover, the report could be out of date as the sensing result varies over time so the collision issue may not be resolved.
In case 2, the mode-1 and mode-2 resources come from different pools which may or may not be overlapped in time domain. Figure 1 is a simple illustration of different resource pools (contiguous time and frequency resources as example) inside a BWP, where the pool 1 and pool 3 are overlapped in time domain, and pool 2 and pool 4 are TDM’ed. The collision can be well avoided for the TDM’ed resource pool 2 and pool 4. However, the scheduling latency performance may be better for pool 1 and pool 3 case while the collision may still happen because the UE may not be able to transmit more than one TB at a given time on account of limited UE capabilities. 
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Figure 1. A simple illustration of different resource pools (contiguous time and frequency resources as example) inside a BWP
Observation 1: When mode-1 resources and mode-2 resources are in one shared pool, big specification impact are foreseen to avoid the potential resource collision. 

Observation 2: When mode-1 resources and mode-2 resources are in different pools, the resource collision can be resolved (e.g. using TDM) but with worse scheduling performance.

Based on the analysis, some trade-offs need to be considered and RAN2 can discuss about which direction to go.

Proposal 1: RAN2 to support the resources allocated by gNB and selected autonomously by UE are in different pools. FFS whether the pools can be overlapped in time domain.

2.2 Specification impact
There are some issues in NR sidelink needed to be considered when the simulteneous mode-1 and mode-2 are allowed for UE to perform at the same time, such as logical channel prioritization, BSR trigger, power sharing and grant collision. Details of analysis are as follows.
1) Grant collision

If mode-1 resources and mode-2 resources are overlapped in time domain, when the gNB send the mode-1 SL grant to UE for the sidelink communication, meanwhile the UE also gets the SL grant based on mode-2 for sidelink communication (e.g. from resource pools in system information or from the mode-2d scheduling UE), how the UE handles these two grants when the UE cannot transmit simultaneously(e.g. due to limited UE capability) according to more than one SL grant. Basically, when the grants are collided, one of them needs to be discarded, and this may depend on the QoS requirement of the data which is expected to be transmitted by the corresponding SL grant. If the QoS requirement is relatively high, corresponding grant should be prioritized.

Proposal 2: RAN2 to consider how to handle the case when the mode-1 based SL grant and mode-2 based SL grant for sidelink communication are collided (e.g. discard one of them based on the QoS requirement of the data which is expected to be transmitted using these two grants)
2) LCP and BSR/SR

In LTE sidelink, each sidelink logical channel has an associated priority which is the PPPP and optionally an associated PPPR, and the mapping between priority and LCID is left for UE implementation [3].  In NR sidelink, if we follow the same idea in LTE to have a mapping between QoS parameters and LCID, for example, mapping  between VQI(V2X 5QI) and LCID, meanwhile simulteneous mode-1 and mode-2 are configured for UE to perform at the same time, then a question is: for a specifc VQI which can be both guranteed by mode-1 and mode-2 (which means relevant LCID is shared by mode-1 and mode-2 ), would the SL data in relevant logical channel be sent by SL grant based on mode-1 or mode-2 or both ? The answer for this quesiton may also affect the BSR mechanism, because if the SL data is expected to be sent by mode-1 grant then the logical channels which have that data need to trigger a sidelnk BSR and request for the grant using mode-1. And if the SL data is expected to be sent by both mode-1 and mode-2 grant, it means some of the SL data in a single logical channel will be sent by SL grant based on mode-1 meanwhile remaining of the SL data will be sent by SL grant using mode-2 , which may seem strange so far, as shown in Figure 2 (case 2). Therefore, we think the proper LCP modeling should be case 1 in Figure 2. 

 SHAPE  \* MERGEFORMAT 



Figure 2. Two cases for whehter LCID is shared by mode-1 and mode-2

Observation 3: When a UE is under simultaneous mode-1 and mode-2 operation and LCID is share by mode-1 and mode-2, it is not clear about how to decide the SL data in a logical channel to be sent by mode-1 or mode-2 or both.

Observation 4: If SL data in a logical channel can be sent by mode-1 or mode-2 grant at the same time, then it cannot be pre-defined whether the SL data in that logical channel would trigger a sidelink BSR.

There are three possible ways to solve this issue:

· Option 1: to have separated MAC entities for mode-1 and mode-2.

· Option 2-1: to have a mapping between resource allocation mode and LCID.

· Option 2-2: to have a mapping between QoS parameters and LCID, and a mapping between resource allocation mode and PC5 QoS range.
Option 1 is relatively simple because by different MAC entities the mode-1 and mode-2 transmission would not affect each other, which means all the SL data in logical channels in MAC entity 1 will be sent via mode-1 transmission while the others will be sent via mode-2. However, option 1 may depend on the MAC modelling and we can discuss it further in the WI stage.

Option 2-1 is also helpful, by having a mapping between resource allocation mode and LCID, we can definitely know SL data in which logical channels are sent by mode-1 or mode-2, and also which logical channels would trigger a sidelink BSR. The mapping may not need to be directly between mode and LCID, on the other hand, in option 2-2, we can follow the the idea in LTE to have a mapping between QoS parameters and LCID, and an additional mapping between resource allocation mode and PC5 QoS range can be defined, which is also discussed in another contribution from our company [4].
Proposal 3: RAN2 to consider following options in WI stage when there is dual configuration of mode-1 and mode-2:
· Option 1: Two separated MAC entities for simultaneous mode-1 and mode-2 transmissions.

· Option 2-1: Keep one MAC but additionally define a mapping between resource allocation mode and LCID (which means independent LCP is executed by SL grant from resource allocation mode-1 and mode-2).

· Option 2-2: Keep one MAC but additionally define a mapping between QoS parameters and LCID, and a mapping between resource allocation mode and PC5 QoS range.

Another issue is that if the UE is reconfigured to a single mode operation from dual configuration of mode-1 and mode-2, there is also some impact on BSR/SR. For example, a UE is configured with simultaneous mode-1 and mode-2, and triggers sidelink BSR or SR because of some SL data in logical channels need to be transmitted via mode-1. In the next moment, the UE is reconfigured or transferred to apply mode-2 only. Accordingly, the sidelink BSR or SR which has already been triggered may need to be cancelled. Therefore:

Proposal 4: When a UE is reconfigured to mode-2 only from dual configuration of mode-1 and mode-2, the triggered sidelink BSR or SR needs to be cancelled.
3) Power sharing

The scenarios applicable for UE to perform both mode-1 and mode-2 at the same time are widely discussed in the relevant email discussion, and there are two typical scenarios on which have a consensus:

1） Scenario for different RATs
2） Scenario for multiple QoS requirements 
For scenarios for different RATs, separated MAC entities for LTE and NR sidelink are used. For Scenario for multiple QoS requirements, there is also a possibility that two MAC entities are considered which is already discussed in 2.1, to resolve the LCP related issues. Anyhow, if two MAC entities are considered in some scenarios, the power sharing issue needs to be considered then. For example, if we decide to use two MAC entities for mode-1 and mode-2 to realize different QoS requirements, and the maximum transmission power is limited, then we need to negotiate power usage between these two MAC entities.
Proposal 5: When two MAC entities are used in some scenarios for simultaneous mode-1 and mode-2 transmission, power sharing mechanism needs to be decided in WI stage.

3. Conclusion
In this contribution, we discussed further about the impact brought by dual configuration of different modes and have the following observations and proposals:

Observation 1: When mode-1 resources and mode-2 resources are in one shared pool, big specification impact are foreseen to avoid the potential resource collision.
Observation 2: When mode-1 resources and mode-2 resources are in different pools, the resource collision can be resolved (e.g. using TDM) but with worse scheduling performance.
Observation 3: When a UE is under simultaneous mode-1 and mode-2 operation and LCID is share by mode-1 and mode-2, it is not clear about how to decide the SL data in a logical channel to be sent by mode-1 or mode-2 or both.
Observation 4: If SL data in a logical channel can be sent by mode-1 or mode-2 grant at the same time, then it cannot be pre-defined whether the SL data in that logical channel would trigger a sidelink BSR.
Proposal 1: RAN2 to support the resources allocated by gNB and selected autonomously by UE are in different pools. FFS whether the pools can be overlapped in time domain.
Proposal 2: RAN2 to consider how to handle the case when the mode-1 based SL grant and mode-2 based SL grant for sidelink communication are collided (e.g. discard one of them based on the QoS requirement of the data which is expected to be transmitted using these two grants)
Proposal 3: RAN2 to consider following options in WI stage when there is dual configuration of mode-1 and mode-2:
· Option 1: Two separated MAC entities for simultaneous mode-1 and mode-2 transmissions.

· Option 2-1: Keep one MAC but additionally define a mapping between resource allocation mode and LCID (which means independent LCP is executed by SL grant from resource allocation mode-1 and mode-2).

· Option 2-2: Keep one MAC but additionally define a mapping between QoS parameters and LCID, and a mapping between resource allocation mode and PC5 QoS range.

Proposal 4: When a UE is reconfigured to mode-2 only from dual configuration of mode-1 and mode-2, the triggered sidelink BSR or SR needs to be cancelled.
Proposal 5: When two MAC entities are used in some scenarios for simultaneous mode-1 and mode-2 transmission, power sharing mechanism needs to be decided in WI stage.
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