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Introduction

During RAN#83 meeting, NR V2X WI was approved [1]. One of the objectives is to support for simultaneous configuration of Mode 1 and Mode 2 for a UE.  In this contribution, we will analyze the scenarios for performing both mode1 and mode2 resource allocation at the same time and furthermore discuss possible issues and solution for supporting both mode1 and mode2 resource allocation at the same time.

Discussion

Scenario  for performing dual modes at the same time
The following agreements for NR sidelink resource allocation mechanism were achieved at RAN1#94b and 95 meeting.

	It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications

It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
LTE Uu to schedule NR sidelink mode 1 is supported


Based on above agreement, supposing a UE supports both NR V2X for advanced use cases and LTE V2X for safety case, if it is connected to a NR Uu but needs to perform LTE V2X, the UE needs to support both mode1 and mode2 resource allocation for NR V2X and mode 4 resource allocation for LTE V2X. Or if it is connected to a LTE Uu but needs to perform NR V2X,  the UE needs to support both mode3 and mode 4 resource allocation for LTE V2X and both mode 1 and mode 2  resource allocation for NR V2X. Therefore, the UE may need to support simultaneous transmission in UE autonomous mode in NR V2X RAT and NW scheduled mode in LTE V2X RAT or vice verse. 

Observation1： The UE may need to support simultaneous transmission in UE autonomous mode in NR V2X RAT and NW scheduled mode in LTE V2X RAT or vice verse. 

In addition,  based on the description in TS22.186, NR UE shall support multiple types of traffic and services with different requirements such as different Payload, end-to-end latency, Reliability, Data rate and so on. Compared to  UE autonomous mode, NW scheduled mode can at least avoid resource collision between the V2X UE within the same cell. So NW scheduled mode can provide higher reliability than UE autonomous mode. Furthermore, if the NW configures type grant resource for the NR UE, the end-to-end latency may be lower. Therefore, NW scheduled mode is more suitable for the high reliability and low latency V2X  traffic. On the other hand, compared to NW scheduled mode, UE autonomous mode may need less system overhead since mode1 related scheduling control signalling such as DCI, SR/BSR or UE assistant information is not needed, so UE autonomous mode is more suitable for the best effort V2X service. Therefore, considering that a NR V2X UE may support simultaneous transmission multiple V2X traffic with  different QoS requirement, RAN2 is suggested to support simultaneous  transmission in mode 1 and mode 2 for NR V2X.

Observation 2: NW scheduled mode is more suitable for the high reliability and low latency V2X  traffic while UE autonomous mode is more suitable for the best effort V2X service.
Proposal 1: RAN2 is suggested to support simultaneous transmission in mode 1 and mode 2 for NR V2X. 
Solution for performing dual modes at the same time
Based on the analysis above, there are at least two cases to support simultaneous transmission in UE autonomous mode in one V2X RAT and NW scheduled mode.

Case1:  performing both NW scheduled mode in one V2X RAT and UE autonomous mode  in another V2X RAT at the same time

Case2:   performing both NW scheduled mode  and UE autonomous mode  in NR V2X RAT at the same time

Case1

To support simultaneous transmission in UE autonomous mode in one V2X RAT and NW scheduled mode in another V2X RAT, inter-RAT resource pool configuration information can be sent to the UE as a RRC container.
Observation 3：inter-RAT resource pool configuration information can be sent to the UE as a RRC container.
Furthermore, if the resource pool configured for UE autonomous mode in one V2X RAT and NW scheduled mode in another V2X RAT are overlap in time domain,  and if the UE selects a set of periodic resources  from the resource pool configured for UE autonomous mode  for transmission  of multiple MAC PDUs based on sensing first, then the UE acquires the resource allocated by the NW, it is possible that the resource selected by the UE and the resource allocated by the NW may be overlap in time domain. Since the different RAT may operate in different bands or carrier, the UE may not support simultaneous transmission in different RATs due to UE’s band combination capability. On the other hand, if the different RAT operate in the same carrier, the UE can neither support simultaneous transmission in different RATs due to UE’s transmission capability. As a result UE cannot support simultaneous transmission in different RATs within one carrier or in different carrier.

Observation 4: UE may not support simultaneous transmission in different RATs due to capability constrain.
To solve this issue, the NW is better not to allocate time-overlap resource pools for UE autonomous mode  and NW scheduled mode, but this may be difficult to operate since the NW may not be informed the resource pool information of another V2X RAT. In current LTE specification, when UL transmission overlaps in time domain with V2X sidelink transmission in the same frequency, the UE prioritizes the V2X sidelink transmission over the UL transmission if the PPPP of sidelink MAC PDU is lower than a (pre)configured PPPP threshold; otherwise, the UE prioritizes the UL transmission over the V2X sidelink transmission. Similarly, if UE autonomous mode transmission overlaps in time domain with NW scheduled mode transmission, which transmission is prioritized shall be studied further. 
Proposal 2：if UE autonomous mode transmission in one RAT overlaps in time domain with NW scheduled mode  transmission in another RAT, which transmission is prioritized shall be studied further. 
Case2

If NR UE supports  mode 1 and mode 2 scheduling simultaneously for NR V2X , when V2X traffic received, which resource allocation mode shall be used shall be known by the UE. Otherwise, the UE does not know whether to select resource by itself or request resource from the NW.

Proposal 3：RAN2 shall study how to make UE know which mode shall be used when V2X traffic arrives at the UE supporting  mode 1 and mode 2 scheduling simultaneously.

Based on the analysis in section 2.1, we know that the NW scheduled mode is more suitable for the high reliability and low latency V2X  traffic while UE autonomous mode is more suitable for the best effort V2X service. So the NW can configure the relationship between the scheduling mode and traffic Characteristic. To be specific, several solutions can be considered as following: 

The NW indicates the  mapping relationship between V2X LCG and QoS. Then the UE can  confirm mode 1 can be used for those V2X traffic with QoS mapped with any LCG. In the other words, V2X traffic with QoS mapped with none LCG can only use mode2.

The NW indicates the mapping relationship between V2X QoS and scheduling mode. Then the UE can confirm the scheduling mode based on the the V2X traffic QoS.

If the NW can acquire the V2X QoS information and configure V2X logical channel for the UE, it can also indicates the mapping relationship between V2X logical channel and scheduling mode.

Proposal 4：it is suggested that the gNB configures the relationship between the scheduling mode and traffic Characteristic. 

Furthermore, similar with Case1,  if the resource pool configured for UE autonomous mode and NW scheduled mode are overlap in time domain, then the resource selected by the UE and the resource allocated by the NW may be overlap in time domain. Although the mode1 and mode2 is operated in the same band, the UE may not support simultaneous transmission in mode1 and mode2 since the UE cannot transmit multiple Transport Blocks in one slot. Similarly, if UE autonomous mode transmission overlaps in time domain with NW scheduled mode transmission, which transmission is prioritized shall be studied further. In our opinion, which transmission is prioritized can be decided by comparing the highest priority of the logical channels each MAC PDU includes, or up to UE implementation.
Proposal 5：if UE autonomous mode transmission overlaps in time domain with NW scheduled mode transmission, which transmission is prioritized can be decided by comparing the highest priority of the logical channels each MAC PDU includes, or up to UE implementation. 

Furthermore, if the UE supports mode1 and mode2 sidelink transmission simultaneous, whether separate Sidelink HARQ entities are needed for different transmission modes shall be studied. In our understanding, if two HARQ Entities are used for mode 1 and mode2  resource allocation modes separately, the process id will be allocated separately, it is difficult for the receiver UE to identify different HARQ process of different mode with the same HARQ process id. Therefore, for each carrier/serving cell, it is better there is only one Sidelink HARQ Entity at the MAC entity for sidelink transmission(s), which maintains a number of parallel Sidelink HARQ processes. The Sidelink HARQ processes are shared across all SL transmissions regardless of the transmission mode. 

Proposal 6: For each carrier/serving cell, there is only one Sidelink HARQ Entity at the MAC entity for sidelink transmission(s) regardless of the transmission mode. 

Conclusion

In this contribution, we mainly discussed the scenarios for performing both mode1 and mode2 resource allocation at the same time and furthermore discuss possible issues and solution for supporting both mode1 and mode2 resource allocation at the same time. And we have the following proposals:

Observation 1： The UE may need to support simultaneous transmission in UE autonomous mode in NR V2X RAT and NW scheduled mode in LTE V2X RAT or vice verse. 

Observation 2: NW scheduled mode is more suitable for the high reliability and low latency V2X  traffic while UE autonomous mode is more suitable for the best effort V2X service.
Observation 3：inter-RAT resource pool configuration information can be sent to the UE as a RRC container, there is no much impact on the specification.

Observation 4: UE may not support simultaneous transmission in different RATs due to capability constrain.
Proposal 1: RAN2 is suggested to support simultaneous transmission in mode 1 and mode 2 for NR V2X. 

Proposal 2：if UE autonomous mode transmission in one RAT overlaps in time domain with NW scheduled mode  transmission in another RAT, which transmission is prioritized shall be studied further. 
Proposal 3：RAN2 shall study how to make UE know which mode shall be used when V2X traffic arrives at the UE supporting  mode 1 and mode 2 scheduling simultaneously.

Proposal 4：it is suggested that the gNB configures the relationship between the scheduling mode and traffic Characteristic. 

Proposal 5：if UE autonomous mode transmission overlaps in time domain with NW scheduled mode transmission, which transmission is prioritized can be decided by comparing the highest priority of the logical channels each MAC PDU includes, or up to UE implementation. 

Proposal 6: For each carrier/serving cell, there is only one Sidelink HARQ Entity at the MAC entity for sidelink transmission(s) regardless of the transmission mode. 
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