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1 Introduction
The WF[1], there are remaining issues to be discussed for FDM operation of SL and Uu within a licensed band:
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.

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.

In this paper, we present our view on the above two issues.
2 Discussion
2.1 Full duplex or half duplex
The terminology of full duplex or half duplex is for one RAT operation and it is good to avoid using it for different RAT.

For the SL and Uu operation within the licensed band, as SL is half duplex and Uu is either half duplex or Full duplex depending paired or unpaired band. The SL only operates at uplink time slot for unpaired band and uplink frequency for paired band. As SL is operate in half duplex mode, so for the simultaneous operation between SL and Uu in a licensed band, there are two cases:
1. Concurrent SL transmission and Uu transmission at uplink time slot for an unpaired band and at uplink frequency for paired band.

2. Concurrent reception of SL and Uu transmission at uplink time slot for an unpaired band and at uplink frequency for paired band.

As the above cases are Concurrent operation between SL and Uu, only FDM operation is valid.
Proposal-1: Use the “concurrent SL transmission and Uu transmission operation ” and “concurrent reception of SL and Uu transmission operation” terminology to separate the discussion of the FDM operation between Uu and SL operating in a licensed band.
2.2 Frequency separation
The frequency separation would be needed for the concurrent reception of SL and Uu transmission operation within the same band.  The concurrent reception of SL and Uu transmission operation can be achieved for inter-band CA between SL operation and Uu operation and this is specified in TS 36.101 for LTE V2X and LTE ProSe. However, the concurrent reception of SL and Uu transmission operation is not possible for intra-band concurrent operation for LTE ProSe. For example, in clause 7.3.1D in TS 36.101:
7.3.1D
Minimum requirements (QPSK) for ProSe

When UE is configured for E-UTRA ProSe reception non-concurrent with E-UTRA uplink transmissions for E-UTRA ProSe operating bands specified in Table 5.5D-1, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.6.2 with parameters specified in Table 7.3.1D-1 and Table 7.3.1D-2.

For LTE V2X, it is stated in clause 7.3.1G in TS 36.101 that the V2X reception and uplink transmission not happen simultaneously. 
7.3.1G
Minimum requirements (QPSK) for V2X
When UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA V2X operating bands specified in Table 5.5G-1, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.8.2 with parameters specified in Table 7.3.1G-1.

On top of it, the intra-band V2X operation in B47, there is no consideration of V2X carrier reception concurrently with another V2X carrier transmission as the intra-band V2X operation has the same REFSENS as single V2X operation. 

For intra-band contiguous multi-carrier operation, the reference sensitivity requirement specified in Table 7.3.1G-1 shall apply for each component carrier with all carriers active. The requirement is applied for multi-carrier intra-band con-current receptions when 2 carrier transmissions are activated at the same time.
For NR V2X, the inter-band con-current SL reception and NR Uu transmission is defined in clause 7.3E.3 and non-concurrent V2X reception and NR uplink transmission in clause 7.3E.2 in TS 38.101-1

7.3E.2
Minimum requirements

When UE is configured for NR V2X reception non-concurrent with NR uplink transmissions for NR V2X operating bands specified in Table 5.2E.1-1, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.7.2 with parameters specified in Table 7.3E.2-1.

7.3E.3
Reference sensitivity power level for V2X con-current operation

When UE is configured for NR V2X reception on V2X carrier con-current with NR uplink and downlink, NR V2X sidelink throughput for the carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes 8.2 with parameters specified in Table 7.3E.3-1. Also the NR downlink throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.3.
Observation#1: There is no concurrent reception of and Uu transmission in licensed band for LTE ProSe and LTE V2X.
Observation#2: There is no concurrent reception of SL in one carrier and SL transmission in another carrier in B47 band for LTE V2X.

Observation#3: Only non-concurrent reception of SL in one carrier and Uu transmission in a  band for NR V2X. The concurrent reception of SL and Uu transmission is allowed for inter-band operation.
As there is no concurrent reception of and Uu transmission within a licensed band, RAN4 needs to discuss whether to introduce this feature or not first in Rel-17 as this may have RAN1/RAN2 impact. 
Proposal-2: RAN4 discuss whether to introduce the concurrent reception of SL and Uu transmission operation in the licensed band.
For the case of concurrent SL transmission and Uu transmission operation, such operation would be possible for the single PA architecture UE. However, it requires the SL transmission be aligned with the NR Uu transmission otherwise the phase discontinuity would be introduced in the NR Uu link as in Figure 1. This means that to support FDM operation of the SL and NR Uu in licensed band, the NR SL transmission needs to be aligned with NR Uu link with network uplink timing. However, the SL synchronization issue is FFS and thus has impact on this operation also.
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Figure 1:  FDM operation between SL and Uu for licensed band
Observation-4: If RAN4 would allow concurrent SL transmission and Uu transmission operation within a licensed band using the single PA RF architecture, the synchronization mechanism for SL transmission timing using network as sync source would be impacted also. 
3 Conclusions

In this contribution, we present our view on FDM operation in licensed operation with below observation and proposal:
Proposal-1: Use the “concurrent SL transmission and Uu transmission operation ” and “concurrent reception of SL and Uu transmission operation” terminology to separate the discussion of the FDM operation between Uu and SL operating in a licensed band.

Observation#1: There is no concurrent reception of and Uu transmission in licensed band for LTE ProSe and LTE V2X.

Observation#2: There is no concurrent reception of SL in one carrier and SL transmission in another carrier in B47 band for LTE V2X.

Observation#3: Only non-concurrent reception of SL in one carrier and Uu transmission in a  band for NR V2X. The concurrent reception of SL and Uu transmission is allowed for inter-band operation.
Proposal-2: RAN4 discuss whether to introduce the concurrent reception of SL and Uu transmission operation in the licensed band.

Observation-4: If RAN4 would allow concurrent SL transmission and Uu transmission operation within a licensed band using the single PA RF architecture, the synchronization mechanism for SL transmission timing using network as sync source would be impacted also. 
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