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Introduction  
In the email discussion on resource allocation RAN2#104#60, simultaneous support of mode 1 and mode 2 operation at the UE was briefly discussed and many companies suggested that for better QoS, it is necessary to support both modes for a given V2X UE. During RAN2#105, the following agreement [1] was made:
1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.
In this contribution, we aim to lay out some considerations to support simultaneous operation of the two modes in NR V2X.
Discussion
1.1 Simultaneous mode support 
In LTE, only one mode could be supported at a given time by the UE whereas in NR V2X, support of both NW-scheduled and UE-autonomous resource configuration modes simultaneously has been agreed. Supporting different services with different QoS requirements (e.g. 3ms or 100ms) seems to be the motivation among different companies to introduce this type of configuration for NR V2X. In LTE V2X, for both NW scheduled and autonomous cases, the transmission was broadcast based, i.e. no dedicated connection was assumed by the UE when sending the packet over sidelink. With NR V2X and the possibility of supporting both unicast and broadcast based communication, there is an added dimension of complexity to study when considering resource configuration design and procedures e.g. in case when both the NW scheduled and UE autonomous modes are supported simultaneously. As per the agreed V2X WID [2], the following aspect has been captured suggesting that the supported mode information is not shared over AS configuration. 
	· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 



Even as the design of the TX UE operation can only be discussed after the design of mode 1 and mode 2 individually, we provide some early and high-level considerations in this section for support of simultaneous resource configuration modes for NR V2X. 

1.2 Connection establishment for multiple mode operation
In order to avoid complexity, the V2X UE can be assumed to be in RRC_CONNECTED state to support both network scheduled and UE autonomous resource allocation modes simultaneously, and if a UE is in-coverage and has the ability to support mode-1, it would be practical to initiate a switch (from idle/inactive to connected) so the required QoS can be met as necessary. Furthermore, when the UE is out-of-coverage it only has the ability to use mode-2 (UE autonomous mode). If the QoS requirement for the use case indicates that mode-1 could be used, the UE should try to switch to mode-1 as soon as it is in-coverage. 

Proposal 1: 	RAN2 to enable simultaneous resource configuration mode operation regardless of UE’s RRC state.

In order to enable simultaneous mode operation, the V2X UE should initiate RRC connection establishment if in RRC_IDLE or RRC_INACTIVE as mode-1 is only possible in RRC_CONNECTED state. This can be achieved in one of the following ways:

· Option 1: UE based RRC connection initiation for support of mode-1 when in-coverage (using a new establishment/resume cause value e.g. mo_V2X).
· It incurs minimal signalling overhead as it is only initiated as necessary to support a specific QoS.  
· It is already supported as per LTE, however, not explicitly (as shown in the note below from TS 36.331, where it is left to UE implementation) while in NR, we could define a new cause value (establishment or resume cause value wherein multiple spares are available) as part of RRC setup request or RRC resume request messages. 
“
NOTE:	Upper layers initiate an RRC connection. The interaction with NAS is left to UE implementation.
“
· Option 2: Network keeps the UE always in RRC_CONNECTED even when there is no data exchanged over the Uu link (as long as the UE is in-coverage)
· As the V2X UEs are expected to perform a lot of handovers, this might incur additional signalling overhead, but would ensure the necessary QoS for the given advanced use case.
· UE can suggest its required QoS parameters for a given service (and thereby if it prefers mode-1 operation) via UE assistance information to ensure that the network allows the UE to stay in connected mode. 

· Option 3: UE could continue to maintain a signalling-only connection with the network.
· This would ensure that there is minimal delay in switching modes (avoiding connection establishment) while also reducing signalling overhead. Currently, the signalling-only connection [R2-1818961] does not support handovers and RRC_INACTIVE state, however, we could introduce the necessary changes to support V2X use case.  
· As stated in option 2, the V2X UEs are expected to perform a lot of handovers, therefore, this might incur additional signalling overhead (unless optimizations are done), but would ensure the necessary QoS for the given advanced use case.
Proposal 2: 	RAN2 is asked to discuss the three options and select a suitable one to ensure support of simultaneous resource configuration modes: 1) A V2X UE can initiate RRC Connection establishment using explicit establishment/resume cause value within RRC setup/resume request message (MSG3) to enter RRC_CONNECTED 2) Keep a V2X UE in the RRC_CONNECTED state 3) Keep a V2X UE in signalling-only connection-based RRC_CONNECTED state.
1.3 BSR Updates
In order to support simultaneous mode, certain MAC level changes related to BSR are to be made. As per TS 36.321, for LTE V2X, the following suggests that when mode2 is selected, sidelink BSR and corresponding timers are cancelled. 
“All triggered Sidelink BSRs shall be cancelled, and retx-BSR-TimerSL and periodic-BSR-TimerSL shall be stopped, when upper layers configure autonomous resource selection.”
Observation 1: 	In LTE V2X, only one resource selection mode is active at any given time and triggered sidelink BSR is cancelled when switched from scheduled to autonomous mode. 	
In NR V2X, when both scheduled mode and autonomous mode are configured, it is easiest to allocate and use different LCG IDs for each of the modes even as they might have similar priority. In this way, the buffer size of the sidelink BSR can easily take into account only the logical channels with scheduled mode requests. If the MAC entity receives information that the mode of a specific SL radio bearer is being switched from scheduled to autonomous, the triggered sidelink BSR needs to be correspondingly cancelled. 
The resource selection mode can be configured by the gNB for in-coverage case or chosen by the UE for out-of-coverage case. This mode can be selected on a per-SL RB level (for simplicity) or per-SL LCG or LCH level. This can be further studied once mode 1 and mode 2 operations are fully defined and how a MAC PDU is constructed is finalized. 
 Observation 2: 	In NR V2X, appropriate SL LCH ID and LCG ID mapping may be needed to differentiate scheduled and autonomous modes and the sidelink BSR should only consider scheduled mode requests in its buffer size calculation if configuration of specific mode is done at per SL LCH level. 
Proposal 3: 	It is FFS whether the configuration of mode is done at per-SL radio bearer level or per-LCH or per-LCG level. 
1.4 Switching modes
When simultaneous resource allocation mode is supported, it needs to be discussed about which layer or entity is responsible for deciding the specific resource allocation mode to be used for a given service. This can be suggested by the network in a deterministic way or it can be pre-configured or potentially hinted by the upper layers dynamically. The classification of whether the incoming data can use mode-1 only or mode-2 only or both modes can be done on per-packet or per-flow or per-service basis although if done on a per-packet basis, it might incur a lot of overhead e.g. BSR updates and processing. If the data is classified to be supportive of either modes, it may be up to the network configuration or UE implementation to switch the mode. This can be treated as configuration information similar to SL RB configuration and thereby NW-controlled when in-coverage and connected mode; and UE-initiated when in-coverage but in idle or inactive mode. 
Proposal 4: 	RAN2 to discuss and decide between the following options for specifying preferred mode to the AS layer while in-coverage: a) Upper layer provides the information on a per-packet or per-flow or per-service basis b) gNB provides the information on a per-flow or per-service basis.
The easiest methodology is to always use mode-1 when in-coverage and mode-2 when out-of-coverage. However, this is not always the best approach due to the support of services with varying QoS requirements (e.g. stringent delay with relaxed reliability or relaxed delay with stringent delay and data rate). It is sometimes more effective to use mode-2 even while in-coverage as there could be minimal delay in obtaining resources and sending the data packet. Some companies suggested that mode-1 can be used for licensed operations while mode-2 can be used for unlicensed operations wherein switching between modes is not needed but certain sidelink enhancements e.g. BSR updates are necessary to support the simultaneous operation. The network may maintain the mapping between the specific QoS and authorized services that are supported by the UE to determine UE’s request to use a specific mode and suggest a change in mode accordingly. If this mapping between PQI/service type and preferred mode can be pre-configured in the UE or made available to the AS layer as discussed in proposal 4, the UE can then use the information to determine when to switch while in-coverage but in idle or inactive state i.e. from mode 2 to mode 1 and initiate RRC connection. 
Proposal 5: 	RAN2 to consider NW-controlled mode switching when the V2X UE is in-coverage and RRC_CONNECTED and UE-initiated mode switching using the available mapping information when the V2X UE is in-coverage and RRC_IDLE or RRC_INACTIVE. 

Conclusion
In this contribution, we provide considerations on mode1 and mode2 simultaneous resource configuration mode operation for NR V2X sidelink and have the following observations and proposals:
Observation 1: 	In LTE V2X, only one resource selection mode is active at any given time and triggered sidelink BSR is cancelled when switched from scheduled to autonomous mode. 	
Observation 2: 	In NR V2X, appropriate SL LCH ID and LCG ID mapping may be needed to differentiate scheduled and autonomous modes and the sidelink BSR should only consider scheduled mode requests in its buffer size calculation if configuration of specific mode is done at per SL LCH level. 
Proposal 1: 	RAN2 to enable simultaneous resource configuration mode operation regardless of UE’s RRC state.
Proposal 2: 	RAN2 is asked to discuss the three options and select a suitable one to ensure support of simultaneous resource configuration modes: 1) A V2X UE can initiate RRC Connection establishment using explicit establishment/resume cause value within RRC setup/resume request message (MSG3) to enter RRC_CONNECTED 2) Keep a V2X UE in the RRC_CONNECTED state 3) Keep a V2X UE in signalling-only connection-based RRC_CONNECTED state.
Proposal 3: 	It is FFS whether the configuration of mode is done at per-SL radio bearer level or per-LCH or per-LCG level. 

Proposal 4: 	RAN2 to discuss and decide between the following options for specifying preferred mode to the AS layer while in-coverage: a) Upper layer provides the information on a per-packet or per-flow or per-service basis b) gNB provides the information on a per-flow or per-service basis.
Proposal 5: 	RAN2 to consider NW-controlled mode switching when the V2X UE is in-coverage and RRC_CONNECTED and UE-initiated mode switching using the available mapping information when the V2X UE is in-coverage and RRC_IDLE or RRC_INACTIVE. 
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