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Introduction
According to the email discussion from the RAN2#104 meeting [1], the following agreement was finalized in the RAN2#105 meeting [2] regarding the Mode 1 and Mode 2 simultaneous configuration of a UE: 
	Agreements on resource allocation/configuration: 
…
1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.



Although the details of this capability will be finalized after the separate design of Mode 1 and Mode 2, this contribution discusses certain initial aspects pertaining to the dual configuration (mix mode operation) of a UE. Furthermore, details related to mode switching are presented.
Simultaneous Mode 1 and Mode 2 Configuration
Motivations
A few aspects arose from the discussion [1] regarding the configuration for simultaneous Mode 1 and Mode 2 operation:
· The support of multiple QoS requirements required by the advanced uses cases defined for NR V2X.
· To enable cross-RAT operation resulting in the simultaneous configuration of a UE under the coverage of different RATs.
NR V2X has already been  defined to cater to a stringent set of varying QoS requirements based on the introduction and support of the advanced use cases [3]. Examples of such QoS metrics include the Packet Error Rate, which ranges from 10-1 to 10-4 and the packet delay budget, which can anywhere from 3 ms to 500 ms as noted in the standardized PQI to QoS characteristics mapping in TS23.287 [4]. Enabling the UE to be simultaneously configured with scheduled (Mode 1) and autonomous (Mode 2) sidelink transmission resources offers the ideal framework for different types of V2X services to be delivered. Mode 1 takes advantage of the centralized scheduling by the gNB to offer SL transmissions with higher reliability albeit with a latency cost, while the distributed resource utilization approach of Mode 2 enables lower latency SL transmissions with a lower reliability (best effort). 
Therefore, the existing single resource allocation configuration currently employed for LTE V2X may not be sufficient to fulfill the aforementioned requirements.
Observation 1: Varying QoS requirements are one of the key motivations for simultaneous dual mode resource configuration, which can enable the fulfillment of the advanced use cases.
Another point worth considering is the UE operation under the coverage of different RATs, especially in the case of LTE and NR. It has also been confirmed that either an LTE or NR RAT can semi-statically provide SL configurations for a UE capable of supporting LTE or NR SL communications [5], provided that the UE has the required authorization within the PLMN area. The simultaneous configuration will also support the mapping of different V2X service types to RATs depending on the chosen Tx profile.
Observation 2:  Simultaneous dual mode configuration will also benefit Cross-RAT operations.
Mode Selection 
A key issue for consideration is the mechanism in which mode selection is performed on a UE configured with simultaneous Mode 1 and Mode 2 operation. Based on Observations 1 and 2, this can be exploited in the UE by:
· Examining the QoS flow to SLRB mapping, in the context of the QoS profile to determine the LCP criteria corresponding to each mode. 
· The V2X service type/application and required RAT to transmit the service defined by the upper layers (during cross-RAT operation). 
Accordingly, these criteria will assist in defining which particular SL transmission mode may be utilized at a given time.
Proposal 1: Mode selection should take at least taken into account the V2X services type and/or associated QoS profile.
At the same time, the gNB is also aware about the available resources as well as congestion level of the resource pools, which may also affect the transmission of the SL packets at the desired QoS using Mode 1. This aspect should also be taken into account from the network perspective when assigning dedicated resources to a UE configured for dual mode operation. There should be a certain degree of co-ordination between the gNB and UE regarding the dual mode mapping, while assigning the appropriate SLRB applicable for a certain mode and the associated LCP. 
Proposal 2: gNB awareness of the UE capability regarding dual mode configuration can enable enhanced resource selection.
Mode Switching
As described above, a UE can be simultaneously configured with both modes. Therefore, the UE may attempt to perform SL transmission by selecting a more reliable mode between both modes. More specifically, when the UE operating in a specific mode satisfies the switching criterion, the UE may attempt to switch to another mode to perform resource selection and transmission. Such an operation may be, for example, a process of performing resource selection and transmission by switching to Mode 2 when a Mode 1 grant has a problem in the MAC PDU transmission.
Observation 3: Switching criterion between Mode 1 and Mode 2 needs to be discussed, especially when a UE is configured with simultaneous configuration for reliable resource management. 
Therefore, it is necessary to discuss an operation of switching to Mode 2 operation when a Mode 1 grant configured from the gNB satisfies a specific switching criterion or when a problem has occurred while performing mode 1 scheduling. For example, if the mode 1 scheduling delay exceeds the delay budget that the service must satisfy or a mode 1 grant has a physical layer problem in transmitting a MAC PDU (e.g., not accommodating all transmitting MAC PDUs or considering channel conditions), then the UE can switch to Mode 2 for resource selection. If the switching criterion is not satisfied, the Mode 1 grant can have a higher priority when compared to the resources reserved by Mode 2 operations.
Proposal 3: When the Mode 1 grant is configured from the gNB, UE can switch to Mode 2 operation if a certain criterion is satisfied, e.g., considering latency budget with Mode 1 scheduling delay, Mode 1 grant has physical layer problem. 
Proposal 4: If the switching criterion is not satisfied, the Mode 1 grant can have a higher priority when compared to the resources reserved by Mode 2 operations.
If a mixed Mode UE in Mode 1 has an awaiting retransmission transport block (TB) but has no Mode 1 resources for retransmission, the UE should decide whether to send a Mode 1 resource request to the gNB or whether to use a Mode 2 TX resource pool for SL retransmission. In addition, the mixed Mode UE may determine whether to use Mode 1 or Mode 2 resources depending on the QoS requirement(s) of the retransmission TB.
Observation 4: If a Mode 1 resource for retransmission TB is exhausted, a mixed Mode UE operating in Mode 1 may request Mode 1 resources for the retransmission TB, but the mixed Mode UE may also use Mode 2 resource to transmit the retransmission TB so as not to increase service latency. 
Proposal 5: If there is no Mode 1 resource for the retransmission of the TB, the mixed Mode UE operating in Mode 1 may switch to Mode 2 to continuously perform SL communication.
Conclusions
The following observations have been noted:
Observation 1: Varying QoS requirements are one of the key motivations for simultaneous dual mode resource configuration, which can enable the fulfillment of the advanced use cases.
Observation 2:  Simultaneous dual mode configuration will also benefit Cross-RAT operations.
Observation 3: Switching criterion between Mode 1 and Mode 2 needs to be discussed, especially when a UE is configured with simultaneous configuration for reliable resource management. 
Observation 4: If a Mode 1 resource for retransmission TB is exhausted, a mixed Mode UE operating in Mode 1 may request Mode 1 resources for the retransmission TB, but the mixed Mode UE may also use Mode 2 resource to transmit the retransmission TB so as not to increase service latency.
The proposals are summarised as follows:
[bookmark: _GoBack]Proposal 1: Mode selection should take at least taken into account the V2X services type and/or associated QoS profile.
Proposal 2: gNB awareness of the UE capability regarding dual mode configuration can enable enhanced resource selection.
Proposal 3: When the Mode 1 grant is configured from the gNB, UE can switch to Mode 2 operation if a certain criterion is satisfied, e.g., considering latency budget with Mode 1 scheduling delay, Mode 1 grant has physical layer problem. 
Proposal 4: If the switching criterion is not satisfied, the Mode 1 grant can have a higher priority when compared to the resources reserved by Mode 2 operations.
Proposal 5: If there is no Mode 1 resource for the retransmission of the TB, the mixed Mode UE operating in Mode 1 may switch to Mode 2 to continuously perform SL communication.
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