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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #97-e meetings, RAN4 agreed the scope of SL enh. in Rel-17 time frame. In the agreed work plan [1], some leftover items were captured to specify the specific feature such as partial used operation for V2X operation in a licensed band and high power V2X UE operation in ITS spectrum. 
 In this paper, we provide our views on how to solve the interference problem of synchronous operation with NR UL and SL operation in a licensed band based on the candidate RF architecture for NR V2X UE at licensed operating bands.
2. Candidate RF architectures for NR V2X UE
For 5G V2X service in Rel-16, RAN4 considered one of the two example RF architecture as shown in Figure 1 to support SL operation in both ITS spectrum and licensed band. 
[image: ] [image: ]
(a) Single RF chain in n79                       (b) Separate RF chain in n79
Figure 1. Example NR V2X UE RF architectures for con-current operation in licensed band
Based on the above architecture, we analyse the Tx time difference between PC5 and Uu operation and In device coexistence for intra-band con-current V2X operation.
2.1 Transmitter Time difference between PC5 and Uu

In Rel-16 timeline, some operators requested that the SL operation is in sync with the non-V2X operation in the same licensed bands such as n79 or n38.


However, RRM session already agreed the and  for SL transmission in licensed band is 0us in TS38.133 as follow
12.2.3	NR Cell as synchronization reference source
The requirements in this subclause are applicable when the reference timing used for sidelink transmissions is a NR serving cell on a non-V2X sidelink carrier.



The sidelink transmissions takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell, where  = 0 and=0.

Firstly, let’s consider separate RF chain as in Figure 1-(b).
The real transmission timing between NR UL/DL and SL has some offset as shown in Figure 2.
[image: ]
Figure 2. Tx/Rx timing descriptions for con-current operation
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Figure 3. Analysis of the transmission time difference for con-current operation
In Figure 3, we analyse the self-interference problem between PC5 and Uu operation. When we consider the separate RF architecture, the SL transmitted signal power can leak into the own NR received signal (black region) as Case1.
But, NR DL slot have some time gap from UL slot as in Case1 in Figure3. So we can expect that there is no interference problem in Case1.
In Case2, the 1st slot of TDD DL/UL configuration is assigned UL slot but there was no transmitted signal in Uu operation, so the 1st SL slot is operated to receive SL signal, then the second slot of UL signal will leak into the SL reception (blue region) due to the TA difference as shown in Case2. However, RAN4 decided to puncture the last symbol (71.4us for SCS 15kHz, 35.7us for SCS 30kHz) in SL slot. 
Also the TA (Timing advance) can be estimated as the equation of TA = NTA + NTA offset. In other word, the general TA is decided by propagation delay of NTA and NTA offset which were specified in section 7.1.2 in TS38.133 as follow
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792



The maximum NTA offset is 20 us in FR1 with 39936*Tc, the expected NTA is 1~2 us when RAN4 consider the ISD 500m cell by the propagation delay. Then the TA is estimated about 22 us. 

Therefore, we can expect that in Case2 UL transmission does not make any interference to the own SL reception considering the above expected TA (22us) time for intra-band non-contiguous CA.
 In summary, SL and UL/DL do not make any interference with each other in a separate RF chain assumption. 

Secondly, let’s consider how to transmit the both NR UL and SL transmission simultaneously with a single RF chain as shown in Figure 1-(a).
Based on the RRM agreement in TS38.133, the UE shall support different transmit timing with TA offset between NR uplink and NR SL transmission.
But, the single PA architecture UE for partial used PC5 SL and Uu UL/DL operation cannot support the different transmit timing for NR Uplink transmission and SL transmission and not possible to have individual power control for SL and Uu transmission.
So, the NR V2X UE RF architecture in licensed bands will be restricted to have a separate RF chain for NR Uplink and NR SL operation in a licensed band.
Based on this RF architecture, we provide our observations as follow
Observation 1: Only a separate RF architecture between Uu RF path and PC5 RF path is possible to support different transmission time. 
Observation2: Even though there is a Tx time difference between PC5 and Uu, RAN4 expect there would be no self-interference problem in its own device. 

2.2 In Device Coexistence evaluation in a licensed band between PC5 and Uu

In this section, we consider the intra device coexistence evaluation in adjacent carrier. In rel-16, RAN4 only focused on the UE-to-UE (inter-device) coexistence for SL operation with adjacent carrier. So the intra device coexistence also need to be studied and the additional RF requirements for SL and Uu simultaneous transmission in adjacent carrier needs to be specified if coexistence evaluation result is acceptable.
Firstly, same as ITS spectrum, RAN4 can allow the TDM operation between UL/DL and SL without any coexistence evaluation since TDM manner do not have any impact to each other. RAN4 only follow Tx switching RRM requirements in Rel-16.
Proposal 1: RAN4 allow TDM operation between spectrally partially used PC5 SL and Uu UL/DL operation in a licensed TDD band. 

For the FDM operation between Uu UL/DL and PC5 SL operation in adjacent carrier, the important point for simulation assumptions is to decide the PC5-Uu simultaneous operation scenarios as shown in Figure 4.
[image: ]
Figure 4. Use cases for intra-band con-current operation 

There are 4 Cases for PC5-Uu simultaneous operation in intra-device. The case1 is already analysed that the PC5 SL transmission timing is aligned the Uu DL reception slot in Figure 3. So it is not possible scenario when SL is transmitting signal with NR Uu receiving DL signal simultaneously.
For the Case2 and Case3, these are same scenarios as con-current operation between PC5 SL Tx and Uu UL Tx in a licensed band. Furthermore, RAN4 already evaluated the UE-to-UE coexistence results in Rel-16 considering with these two cases.
For the final Case 4, this scenario also can be considered as simultaneous Uu UL transmission and PC5 SL receptions as shown in Figure 3 with blue region. But we can solve this problem without any coexistence analysis since RAN4 already decided to puncture the last symbol as mentioned above.
So, RAN4 only need to study the coexistence scenarios of Case2 and Case3 in Figure 4. But similar evaluation results in UE-to-UE coexistence analysis in Rel-16 are expected for IDC study. So we prefer not to study the in-device coexistence analysis in Rel-17.
But, for the FDD intra-band con-current operation, RAN4 need to further study the detail coexistence scenarios.
[bookmark: _GoBack]Proposal 2: RAN4 can specify the con-current SL operation in TDD intra-band without in-device coexistence study. For the FDD intra-band con-current operation, RAN4 need further discussion on the detail coexistence scenarios.

3. Specification aspect for partial used PC5 SL and Uu operation in a licensed band

To support simultaneous NR uplink and SL transmission in a licensed band, RAN4 needs to specify the con-current NR V2X operating bands in TS38.101-1.
Also, the simultaneous transmission with time difference can be supported based on the candidate RF architecture with separate RF chain.
To support the simultaneous NR uplink and NR SL transmission RAN4 shall define the follow RF core requirements in TS38.101-1.
Table 3.1: NR V2X UE Tx RF requirements in TS 38.101-1
	Section / Clause
	Description

	5.3E
	V2X operating band
Define the con-current operating bands for V2X_n79-n79

	6.2E.1
	V2X UE maximum output power
Define V2X_n79-n79 with PC3

	6.2E.2
	UE maximum output power for V2X UE
Define MPR for intra-band contiguous/non-contiguous V2X_n79-n79 with PC3

	6.2E.3
	UE maximum output power with additional requirements, 
Define A-MPR for intra-band contiguous/non-contiguous V2X_n79-n79 with regional regulatory requirements for PC3

	6.2E.4
	Configured transmitted Power for V2X UE 
Define additional requirements for configured Tx power to support intra-band contiguous or non-contiguous con-current operation

	6.4E.2
	Transmit modulation quality for V2X UE
Define EVM, carrier leakage, IBE, spectrum flatness to support intra-band contiguous or non-contiguous con-current operation 

	6.5E.2
	Out of band emission for V2X
 Define ACLR, SEM, A-SEM for ITS spectrum to support intra-band contiguous or non-contiguous con-current operation

	6.5E.3
	Spurious emissions for V2X UE
 Define UE-to-UE coexistence requirements for intra-band contiguous or non-contiguous con-current operation



Based on the above RF architecture and specification works, the intra-band con-current operation in a licensed band will be supported as the simultaneous transmission in Rel-17. 
Also, the TDM operation between PC5 SL and Uu UL/DL operation can be supported without any requirements. We only need to satisfy the RRM Tx switching period requirements in TS38.133.
Based on above analysis, we propose as follow

Proposal 3: Based on Table 3.1, RAN4 further study the detailed MPR/A-MPR simulation assumptions and specification for intra-band con-current V2X operation. 

4. Conclusions
	In this contribution, we provide our views on candidate RF architecture and simultaneous Uu and SL operation in time domain to support the intra-band V2X con-current operation in a licensed band. 
Above analysis in session 2 and 3, we propose as following

Observation 1: Only a separate RF architecture between Uu RF path and PC5 RF path is possible to support different transmission time. 
Observation2: Even though there is a Tx time difference between PC5 and Uu, RAN4 expect there would be no self-interference problem in its own device. 

Proposal 1: RAN4 allow TDM operation between PC5 and Uu operation in a licensed TDD band. 
Proposal 2: RAN4 can specify the con-current V2X operation in TDD intra-band without in-device coexistence study. For the FDD intra-band con-current operation, RAN4 need further discussion on the detail coexistence scenarios.
Proposal 3: Based on Table 3.1, RAN4 further study the detail MPR/A-MPR simulation assumptions and specification for intra-band con-current V2X operation. 
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