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1 Introduction
In RAN #83, a new WI on NR V2X was approved [1].  One aspect of the WI is the support of simultaneous mode 1 and mode 2:

· Resource allocation [RAN1, RAN2]

…

· 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. 

Based on the discussions in RAN plenary, when mode 1 and mode 2 have been completed, RAN1 and RAN2 can progress on support for simultaneous configuration of mode 1 and mode 2.  

In this contribution, we discuss some simplifying assumptions that can ensure the support of this feature within the time frame of Rel16 and suggest further optimizations can be considered in future releases of V2X.
This contribution was revised from a previous version of the contribution by further considering the impacts to LCP procedure when configuring simulataneous mode 1 and mode 2.

2 Simultaneous Configuration of Mode 1 and Mode 2
In LTE V2X a UE performs either network-controlled resource allocation (mode 3) or UE autonomous resource allocation (mode 4).  For an out-of-coverage UE, or an IDLE mode UE camped on a cell that transmits the TX resource pool information on the SIBs, the UE performs mode 4 resource selection.  When the cell does not broadcast the TX resource pool information in the SIBs, the UE initiates an RRC connection.  Once in RRC CONNECTED, a UE is configured by the network to use either mode 3 or mode 4.
In NR, simultaneous mode 1 and mode 2 operation (multimode) will be supported.  For supporting multimode, the supported cast types, the pool configuration, and the data mapping to each mode need to be further discussed.  

Supported Cast types 
A UE in NR V2X may perform any of unicast, groupcast, or broadcast transmission.  One of the main benefits of multimode operation is the ability to send data with specific QoS requirements on a mode which is appropriate for that QoS.  Since each cast will have data with varying QoS, a UE should configurable with multimode operation regardless of the cast it is transmitting.
Proposal 1:
Multimode operation is possible for a UE operating with any type of transmission (i.e. unicast, groupcast, and broadcast).  

Resource Pool Usage for multimode operation
Whether a common pool or separate pools are configured for multimode operation needs to be considered.  Use of a shared pool between mode 1 and mode 2 may cause issues when the network schedules resources which may conflict with those selected by the UE.  Several solutions can be considered such as performing resource reselection upon detection of conflicting resources or reporting of mode 2 reserved resources to the network.   
The issue can be avoided completely if the network always configures different pools for mode 1 and mode 2 for the multimode UE.  Even though this type of resource segregation is not optimal from a resource efficiency, given the limited time that is expected to develop V2X, RAN2 should  assume use of separate pool configuration in this release.  Enhancements to allow operation in a common pool can be developed in a future release.  
Proposal 2:
Multimode operation in NR for Rel16 assumes separate TX resource pools for Mode 1 and Mode 2 transmissions. 

Mapping of Data to Mode
The mapping of data to mode may depend on the QoS of the data to be transmitted.  For example, in some cases with stricter requirements (e.g. reliability) the UE may want to use mode 1 while for error tolerant services the UE can use mode 2 to reduce the scheduling burden on the NW. 
Observation 1:
The appropriate scheduling mode for data can depend on the QoS of the data.
A UE will create one or more SL LCHs for transmission of data on sidelink.  Each SL LCH can be used to carry one or more QoS flows, each having a specific QoS profile.

A SL LCH could be mapped to a single mode (mode 1 or mode 2) or it could be configured to use both modes.  Configuring both modes for a single SL LCH has the advantage of performing the decision of the appropriate mode on a per packet/PDU basis.  This approach would be the most flexible and efficient way of satisfying QoS since the best mode can be selected at the arrival of each packet/PDU. However, it also complicates the scheduling procedure, as the gNB would not know how much of the UEs buffer status in BSR ends up being sent over mode 1 or mode 2.  Associating an SL LCHto a single mode at a given time would avoid new BSR behaviour and should be the target for Release 16.  
Proposal 3:
Scheduling mode is determined by an SL LCH to mode association.

Proposal 4:
For Rel16, a SL LCH can be associated to a single mode at a given time.

It also avoids the need for significant complications in LCP procedures.  Specifically, a UE operating in both mode 1 and mode 2 will need to process mode 1 grants (allocated from the network) and mode 2 grants (allocated by the UE using resource selection).  Resource selection can be based on the data in the UE buffers associated to LCHs mapped to mode 2 only at a given time.  Consequently, LCP procedure for a grant associated with a specific mode would need to consider only LCHs associated with that mode at a given time. 

Proposal 5:
An LCP restriction is introduced based on the mode associated with a LCH.

A static or pre-defined mapping of SL LCH to scheduling mode can achieve QoS-dependant mode selection.  However, a static mapping may not lead to the selection of the best scheduling mode for the given QoS level.  It may also reduce the flexibility of the network in choosing how much data is offloaded to mode 2 scheduling.  For example, congestion on mode 2 resources may make it better to use mode 1 for a UE’s low-latency transmissions.  Such decision may also depend on Uu channel conditions and the ability of a UE to receive grants reliably. The appropriate scheduling mode for a given QoS level may therefore depend on the radio conditions of both Uu and SL.  When radio conditions change, the SL LCH can use a different mode. 

Proposal 6:
The mode associated with a SL LCH can be changed based on SL and/or Uu radio conditions.

The NW can decide the mapping of SL LCH to scheduling mode that should be applicable at a given time based on measurement reports of the SL congestion and Uu radio conditions.  Dedicated RRC signalling could then (re)configure the mapping rule.  This approach may, however, incur unacceptable latency in changing the mode.  Specifically, periodic or event triggered measurement reports at L3 cannot inform the network quickly enough of a sudden change in radio conditions which may affect data with stringent QoS (e.g. 99.999% reliability).  
For this reason, a more dynamic mechanism should be studied.  For a particular SL LCH, the UE could either request that the scheduling mode for the SL LCH is changed, or autonomously change mode and inform the network of such decision.
Proposal 7:
Both NW triggered and UE triggered SL LCH-to-mode mapping change are supported.  
When a change in the scheduling mode occurs for a SL LCH, the network should be informed of the new buffer status associated with the SL LCH (s) mapped to mode 1.  For instance, a SL LCH previously associated with mode 2 may be mapped to mode 1 following a NW trigger or UE trigger.  To schedule the UE for mode 1 while taking into account the new SL LCH(s) associated with mode 1, the should sent a BSR report to the network when the change occurs.

Proposal 8:
A UE sends a BSR when a SL LCH changes its mode. 

3 Conclusion

In this contribution the following observations were made on simultaneous operation of mode 1 and mode 2:
Observation 1:
The appropriate scheduling mode for data can depend on the QoS of the data.

Based on these observations, the following conclusions were made:

Proposal 1:
Multimode operation is possible for a UE operating with any type of transmission (i.e. unicast, groupcast, and broadcast).  

Proposal 2:
Multimode operation in NR for Rel16 assumes separate TX resource pools for Mode 1 and Mode 2 transmissions. 

Proposal 3:
Scheduling mode is determined by an SL LCH to mode association.

Proposal 4:
For Rel16, a SL LCH can be associated to a single mode at a given time.

Proposal 5:
An LCP restriction is introduced based on the mode associated with a LCH.

Proposal 6:
The mode associated with a SL LCH can be changed based on SL and/or Uu radio conditions.

Proposal 7:
Both NW triggered and UE triggered SL LCH-to-mode mapping change are supported. 
Proposal 8:
A UE sends a BSR when a SL LCH changes its mode. 
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