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Introduction
In the last meeting, we made clear of the operating scenarios for intra-band V2X operation and determined basic RF architecture for different operating scenarios [1]. About the synchronization issues, RAN1 has already set general rules on SL transmission timing and synchronization reference source. However, RAN4 discussed these issues [2] and asked if RAN1 can revisit their decisions on synchronization issues. An LS [3] was drafted but noted in the last meeting. Besides the synchronization issues, there are many issues remain unresolved, like full duplex or half duplex, time mask and frequency separation. In this contribution, we further elaborate these issues for intra-band V2X operation.
Discussion
Operating scenarios for intra-band V2X operation
For the prioritization on operating scenarios, it was agreed to focus on these following items including TDM and FDM:
· 1st priority: TDM
· 2nd priority: FDM with adjacent carrier
· 3rd priority: FDM with non-adjacent carrier
With TDM operation, it was further elaborated in the last meeting:
· Agreement:
· RAN4 allow TDM operation between spectrally partially used PC5 SL and Uu UL/DL operation in a licensed TDD band regardless of adjacent/ non-adjacent carrier (Option 1 as the majority view in 1st round).
It can be observed that with TDM operation, only different carriers are allowed regardless of adjacent or non-adjacent carriers. For TDM, also the different carriers are considered for both adjacent or non-adjacent carriers. The case Uu and SL in the same carrier was not considered in the prioritization of operating scenarios. It is suggested to prioritize the scenario for Uu and SL in the same carrier for intra-band V2X operation. It should be made clear whether RAN4 needs to consider the same carrier scenario for intra-band V2X operation.
[bookmark: _Hlk71279144]Observation 1: Only different carriers are considered for intra-band V2X operation, for both of TDM/FDM operation.
[bookmark: _Hlk71302602]Proposal 1: RAN4 needs to prioritize the scenario for Uu and SL in the same carrier for intra-band V2X operation.
· Determine basic RF architecture for different operating scenarios. Other RF architecture is not precluded from implementation perspective.
· 1st priority: TDM (Single RF chain for Tx as baseline)
· 2nd priority: FDM with adjacent carrier (Separate RF chain as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain as baseline)
For the basic RF architecture, both TDM and FDM can be implemented for intra-band V2X operation. If single RF chain implementation is adopted for intra-band V2X operation, TDM can be supported while FDM can not be supported since it requires separate RF chains. If separate RF chains for Uu and SL respectively are adopted for intra-band V2X operation, both TDM and FDM can be supported in this UE implementation.
[bookmark: _Hlk71279157]Observation 2: For intra-band V2X operation, single RF chain can support TDM, not FDM; separate RF chains can support both TDM and FDM.
Synchronization issues
The synchronization issues have been discussed for several meeting. In the last meeting, the following options were presented for SL transmission timing:
· Option 1: RAN4 follow existing Rel-16 agreement, i.e. SL transmission timing aligned with DL timing of Uu.
· Option 2: RAN4 reconsider the Rel-16 agreement and to see if SL transmission timing can be aligned with UL timing of Uu.
· WF
· To be further discussed. Send LS to RAN1 if RAN4 have any agreement/ divergence on this issue. 
For SL transmission timing, RAN1 has set that it should be aligned with DL timing of Uu in Rel-16. It was also clarified that the intention DL timing was selected is because UL timing is not available to all UEes. However, the scenario we are discussing for is intra-band V2X operation, where Uu is available with SL in the same licensed bands. In this case UE is connected to the network, Uu UL timing can be obtained. It is still possible if SL transmission timing can be aligned with UL timing of Uu. We think it is OK to send the LS to RAN1 on this issue whether SL transmission timing can be optimized for intra-band V2X operation.
For synchronization reference source, RAN4 agreed to follow the existing RAN1 design. However, there is no harm to ask if RAN1 can revisit the existing rules and make an optimization for the scenario intra-band V2X operation.
Proposal 2: Send LS to RAN1 to ask whether SL transmission timing and synchronization reference source can be revisited for the intra-band V2X operation.
Other issues
Issue 1-1-3: Full duplex or half duplex
· Recommended WF: 
· Clarify the meaning of full duplex and half duplex for SL and Uu within the same licensed band together with operating scenarios.
The duplex issue was brought up in paper [4] for the FDM operation for intra-band V2X operation. The meaning of full duplex and half duplex for SL and Uu may be confusing to some companies in the last meeting. If we look back to the definition of duplex system, it is a point-to-point system composed of two or more connected parties or devices that can communicate with one another in both directions. In a full-duplex system, both parties can communicate with each other simultaneously. In a half-duplex system, both parties can communicate with each other, but not simultaneously [5]. When we address the duplex mode for SL, it is half duplex. When we address the duplex mode for NR Uu, it is FDD or TDD mode. However, when the duplex mode used for both SL and Uu in the same band, it is not appropriate. Instead of using the duplex term, whether to allow SL and Uu transmission simultaneously would be more appropriate.
Observation 3: Instead of using the duplex term, whether to allow SL and Uu transmission simultaneously would be more appropriate.
For intra-band V2X operation, SL transmission is only allowed in the UL resources of Uu for the protection of Uu DL transmission. In this sense, SL and Uu is not allowed simultaneously transmitted.
Observation 4: For intra-band V2X operation, SL and Uu are not allowed simultaneously transmitted.
Issue 1-4-2: Frequency separation for non-adjacent carriers
· Candidate options: 
· Option 1: For the FDD/TDD intra-band con-current operation with non-adjacent carrier, RAN4 need further discussion on the detail coexistence scenarios based on operator deployment scenarios and request.
· Option 2: No need to introduce the frequency separation for the case Uu and SL are in different channels for intra-band con-current operation.
· Option 3: To study the frequency separation in non-adjacent channel, the frequency separation between existing UL and DL of FDD bands can be considered as a starting point.
· Recommended WF: 
· Focus on prioritization on operating scenarios including TDM and FDM before decide whether to need frequency separation for non-adjacent carriers.

For TDM operation, there is no need to specify frequency separation since Uu and SL are not transmitted in the same time. For FDM operation, SL carrier and Uu carrier are configured as different carriers, and they can be adjacent or non-adjacent, which is up to the configuration. In the last meeting, the frequency separation in non-adjacent channel in FDM operation was discussed. However, the SL carriers and Uu carriers are configured, and the frequency separation between these two channels is up to configuration. There is no specific reason to restrict the frequency separation for the case Uu and SL are in different carriers.
Proposal 3: No need to introduce the frequency separation for the case Uu and SL are in different channels for intra-band con-current operation.
Issue 1-3-3: Time mask
The time mask issue was postponed in the last meeting. The following options were proposed for time mask:
Candidate options: 
· Option 1: Consider the time mask for SL and Uu switching in paper R4-2104777.
· Option 2: Define similar time mask as Uplink TX switching with capability signalling of SidelinkSwitchingPeriod.
For FDM mode in intra-band V2X operation, no need to specify the time mask since separate RF chains are assumed. For TDM mode in intra-band V2X operation, it is necessary to define the time mask for the switching between NR Uu and NR SL. In Rel-16 NR V2X, the switching requirement and time mask between LTE V2X and NR V2X was discussed. The two main study points is to specify switching time and switching period position. These should also be considered when defining the time mask between NR Uu and NR SL.
For the switching time including transient period between LTE V2X and NR V2X, the value 150 us was agreed. And this value was not captured in the spec. However, it needs more discussion whether to reconsider this value for the switching time between NR Uu and SL. The switching capability needs further study along with the switching time between NR Uu and SL.
Proposal 4: The time mask requirement for intra-band V2X operation can follow the consideration of defining time mask for the switching between LTE V2X and NR V2X case. 
 Conclusion
This contribution further elaborates the operating scenarios and related issues for intra-band V2X operation. The following observations and proposals are made:
Observation 1: Only different carriers are considered for intra-band V2X operation, for both of TDM/FDM operation.
Proposal 1: RAN4 needs to prioritize the scenario for Uu and SL in the same carrier for intra-band V2X operation.
Observation 2: For intra-band V2X operation, single RF chain can support TDM, not FDM; separate RF chains can support both TDM and FDM.
Proposal 2: Send LS to RAN1 to ask whether SL transmission timing and synchronization reference source can be revisited for the intra-band V2X operation.
Observation 3: Instead of using the duplex term, whether to allow SL and Uu transmission simultaneously would be more appropriate.
Observation 4: For intra-band V2X operation, SL and Uu are not allowed simultaneously transmitted.
Proposal 3: No need to introduce the frequency separation for the case Uu and SL are in different channels for intra-band con-current operation.
Proposal 4: The time mask requirement for intra-band V2X operation can follow the consideration of defining time mask for the switching between LTE V2X and NR V2X case. 
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