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1. Introduction
In the last RAN4 meeting, work plan for NR sidelink enhancement in R17 [1] was approved. In this work plan, it was clearly stated to discuss general scope to introduce NR SL enhancement for RF requirements at FR1. The more specific study points are listed as follows:
· n79 partial used SL operation with NR n79 Uu and other Uu operating bands

· Cover the Frequency separation issues and timing alignment issue

· Simulation assumptions on co-existence study for licensed bands which the SL application scenario is different from n38 and n79. Initial simulation results can also be provided if available.

The scenario licensed bands partially used for SL was discussed in R16 and the latest WF was captured in [2]. In this contribution, we further discuss the solutions to support the scenario.
2. Discussion
2.1. UE operations for licensed bands partially used for SL transmission
In this part, we discuss the following different UE operations for the scenario licensed bands partially used for SL transmission.
a) NR UE operates in the licensed band through Uu interface only

b) NR V2X UE operates in the licensed band through PC5 interface only

c) NR V2X UE operates in the licensed band through Uu and PC5 synchronously
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Figure 1. Co-existence Uu and PC5 in the same TDD licensed bands

For NR UE operation a), actually, it is a regular UE operation in a licensed band. Besides the interference issue with SL transmission, there is no more discussion for this UE operation.

For NR V2X UE operation b), it is restricted that the PC5 interface can only be used when accessing the licensed band. In this operation, RF requirements for single carrier in NR V2X licensed bands can apply for this kind of UE operation.

For NR V2X UE operation c), it is a little complicated that V2X UE needs to support Uu and SL interface in the same licensed band. For now, it is not clear which RF architecture for this UE operation. Also, there are no related RF requirements for intra-band con-current operation.

In Rel-16, there is no time for defining RF requirements for intra-band con-current operation. However, UE operation b) can be implemented in Rel-16 for introducing RF requirements for single carrier operation in NR V2X licensed bands, which is also not considered in Rel-16. For UE operation c), it is not considered in R16, while RAN4 needs to study the corresponding RF requirements for this case in R17.
However, operator does have a request for introducing licensed band n79 partially used for SL transmission in Rel-16. Band n79 has a large spectrum holding of 600MHz bandwidth. It is not expected for the operator to implement this band wholly for NR SL transmission. Also, we think utilizing part of licensed bands for NR SL transmission is reasonable if V2X is operating in licensed bands in Rel-16. Thus we propose to agree on the three different UE operations for licensed bands partially used for SL in Rel-17.
Intra-band con-current operation (Uu + SL) is not supported in Rel-16 since no corresponding RF requirements are defined. If NR V2X needs to operate con-current operation, the operator should propose band combinations for inter-band con-current operation (i.e. Uu and SL are not in the same band).
Proposal 1: It is proposed to agree on the following UE operations for licensed bands partially used for SL in Rel-17:
a)
NR UE operates in the licensed band through Uu interface only;
b)
NR V2X UE operates in the licensed band through PC5 interface only;
c)
NR V2X UE operates in the licensed band through Uu and PC5 synchronously.
2.2. RF architecture for V-UE operating in licensed bands partially used for SL
Before we start the study of the RF requirements for licensed bands partially used for SL, it is better to figure out the RF architectures for different UE operations. Based on these UE operations, the schematic diagrams of different RF architectures for different UE operations in the scenario licensed bands partially used for SL transmission are illustrated in Figure 2. 
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Figure 2. 1) RF architecture for UE operation a                 2) RF architecture for UE operation b
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3) RF architecture for UE operation c

For UE operation a) and b), RF architecture for only supporting Uu or SL interface accessing the same licensed band is that single RF chain for Tx or Rx for Uu or SL transmission. If NR V2X UE wants to support Uu and SL in the same band, two independent RF chains may need to be implemented for Uu and SL transmission. Also, the in-device interference between Uu and SL RF chain working in the same band may be an issue for RF designers. 

If NR V2X UE only supports UE operation b in a scenario where licensed bands partially used for SL transmission, then the RF architecture would be similar for the scenario where licensed bands wholly used for SL transmission.

Proposal 2: Agree on the working assumptions of RF architectures for UEs supporting the scenario licensed bands partially used for SL.
2.3. The core RF requirements
In our understanding, the scenario licensed bands partially used for SL transmission seems to be normal and of high priority for those bands with large spectrum holdings in Rel-17. To implement this scenario licensed bands partially used for SL transmission in Rel-17, RAN4 needs to define the core RF requirements for different UE operations.
For UE operation a), the core requirements of Uu interface should apply. There is no need to define extra RF requirements. For UE operation b), RAN4 needs to define the core RF requirements for the single carrier operation for NR SL interface. For UE operation c), RAN4 needs to define the core RF requirements for intra-band con-current operation.
In summary, RAN4 needs to define the core requirements for single carrier operation and intra-band con-current operation for the scenario licensed bands partially used for SL.
Proposal 3: RAN4 needs to define the core requirements for single carrier operation and intra-band con-current operation for the scenario licensed bands partially used for SL.
2.4. The synchronization issues for simultaneous SL and Uu transmission
In Rel-16, the sync mechanism between SL and Uu in the same TDD licensed bands was discussed. Performance degradation for SL transmission and timing alignment issues for this scenario were brought up in [3]. However, if no intra-band con-current operation is allowed for the NR V2X UE, at least the corresponding in-device interference issues can be avoided. For the performance degradation for SL transmission, if it is acceptable for the operator in exchange for allowing the licensed bands partially used for SL transmission, it can be feasible.

For the synchronization reference source, the majority of companies support the following proposal [4]:

For the synchronous operation between Uu and SL in the same licensed TDD bands, NR SL uses network as the synchronization reference source.
However, some companies held the view that RRM may have different assumptions. In general, NR SL can support three different kinds of synchronization reference sources, i.e., NW(gNB/eNB), GNSS, and NR UE. In our understanding, the interference can be mitigated under the condition that NR SL and Uu both use the same synchronous source for the specific scenario licensed bands partially used for SL transmission. If NR SL operates in the licensed bands, it is proposed that NR SL should use the gNB/eNB as its synchronization source to eliminate the interference between SL and Uu due to misaligned timing. It is suggested that NR V2X RF and RRM can have the same assumption for the specific scenario.

Proposal 4: For the synchronous operation between Uu and SL in the same licensed TDD bands, NR SL should use network as the synchronization reference source.
3.  Conclusion
This contribution discusses general scope to introduce licensed bands partially used for SL in Rel-17. The following proposals are made:
Proposal 1: It is proposed to agree on the following UE operations for licensed bands partially used for SL in Rel-17:

a)
NR UE operates in the licensed band through Uu interface only;
b)
NR V2X UE operates in the licensed band through PC5 interface only;
c)
NR V2X UE operates in the licensed band through Uu and PC5 synchronously.
Proposal 2: Agree on the working assumptions of RF architectures for UEs supporting the scenario licensed bands partially used for SL.
Proposal 3: RAN4 needs to define the core requirements for single carrier operation and intra-band con-current operation for the scenario licensed bands partially used for SL.
Proposal 4: For the synchronous operation between Uu and SL in the same licensed TDD bands, NR SL should use network as the synchronization reference source.
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