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1. Introduction
During the last RAN2#107 meeting, some tentative agreements were made on the scenarios where prioritization of uplink or sidelink transmission is needed when they are simultaneously transmitted or a portion of their transmissions overlaps in time. A LS is sent to RAN1 and RAN4 in [1] to inform RAN2’s agreements along with some confirmation questions as followed.
[bookmark: _Hlk20758329]
1: 	(To be confirmed by RAN1/4) RAN2 work on NR-UL/NR-SL prioritization at least for two scenarios: 1) when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency, and 2) when UL TX and SL TX (in different carrier frequency) share TX chains and power budget. 
2:	(To be confirmed by RAN1/4) RAN2 work on LTE-UL/NR-SL and LTE-SL/NR-UL prioritization at least for scenario when UL TX and SL TX (in different carrier frequency) share TX chains and power budget.
RAN2 will further discuss the UL/SL prioritization solution based on the scenario assumption above, and rely on RAN1 for the other scenario of “UL TX and SL TX using separated TX chains but shared power budget”, e.g., whether UL/SL prioritization is also needed and whether power sharing mechanism is needed.
Furthermore, RAN2 would like to ask RAN1/RAN4 the following questions:
Q1: For the two scenarios agreed by RAN2 for NR-UL/NR-SL prioritization (i.e., 1) when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency, and 2) when UL TX and SL TX (in different carrier frequency) share TX chains and power budget), are they valid scenarios for prioritization from RAN1/4 perspective?
Q2: For the second scenario agreed by RAN2 for LTE-UL/NR-SL and LTE-SL/NR-UL prioritization, (i.e., when UL TX and SL TX (in different carrier frequency) share TX chains and power budget), is it a valid scenario for prioritization from RAN1/4 perspective?
Q3: Additionally, for LTE-UL/NR-SL and LTE-SL/NR-UL prioritization, is the scenario of “UL TX overlaps in time domain with SL TX in the shared/same carrier frequency” valid or not from RAN1/4 perspective? Please note that RAN2 raise a similar question in R2-1911680, but for another issue, i.e., cross-RAT sidelink configuration.
Q4: Till now, the RAN2 conclusion on UL/SL prioritization is limited to the prioritization between MCG UL and MCG SL. Besides that, from RAN1/4 perspective, is there a need to separately consider SCG UL and MCG SL prioritization, e.g., for the scenario of “when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency” and/or “when UL TX and SL TX (in different carrier frequency) share TX chains and power budget”? Q4 includes the following scenarios:
· SCG NR-UL and NR-SL under control of MCG;
· SCG NR-UL and LTE-SL under control of MCG;
· SCG LTE-UL and NR-SL under control of MCG;

In this contribution, we provide discussions and views on the questions raised by RAN2 and drafted possible answer responses to these questions.

2. Survey of existing prioritization rule used in LTE-V2X
Survey of existing prioritization / power adjustment mechanism in LTE-V2X for overlapping UL and SL transmissions. According to [TS 36.213 Sec. 14], the following dropping and power adjustment behaviours are described.
	14 UE procedures related to Sidelink
…
If a UE uplink transmission of a serving cell overlaps in time domain with a sidelink transmission for sidelink transmission mode 3 or 4 of the same serving cell and the value in "Priority" field of the corresponding SCI is smaller than the high layer parameter thresSL-TxPrioritization, then the UE shall drop the uplink transmission. Else, if a UE uplink transmission of a serving cell overlaps in time domain with sidelink transmission for sidelink transmission mode 3 or 4 of the same serving cell, then the UE shall drop the sidelink transmission.
…

In sidelink transmission mode 3 or 4, if a UE's sidelink transmission has SCI whose "Priority" field is set to a value smaller than the high layer parameter thresSL-TxPrioritization, and if the UE's sidelink transmission in a subframe overlaps in time with its uplink transmission(s) occurring on serving cell(s) where the sidelink transmission does not occur, the UE shall adjust the uplink transmission power such that its total transmission power does not exceed defined in [6] on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.

In sidelink transmission mode 3 or 4, if a UE's sidelink transmission has SCI whose "Priority" field is set to a value greater than or equal to the high layer parameter thresSL-TxPrioritization, and if the UE's sidelink transmission in a subframe overlaps in time with its uplink transmission(s) occurring on serving cell(s) where the sidelink transmission does not occur, the UE shall adjust the sidelink transmission power such that its total transmission power does not exceed defined in [6] on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
…


In the following Table 1, the above described prioritization and power allocation mechanism for overlapping UL and SL transmissions in LTE-V2X (mode 3 and mode 4) is summarized.
Table 1
	Scenario
	SL transmission
	UL transmission

	UL/SL on same carrier/serving cell (e.g. 2GHz operator’s band)
	Drop, if priority in SCI ≥ thresSL-TxPrioritization
	Drop, if priority in SCI < thresSL-TxPrioritization

	UL/SL on different carriers (e.g. UL on 2GHz, SL on 5.9GHz)
	
Power adjustment not exceeding , if priority in SCI ≥ thresSL-TxPrioritization
	
Power adjustment not exceeding , if priority in SCI < thresSL-TxPrioritization


Note: Calculation of power adjustment is not specified in specifications.


3. Survey of existing TDM and FDM agreements for NR/LTE SL coexistence in Rel-16

TDM short-term timescale coordination [TR38.885]:
· Short-term timescale coordination, where transmissions in time of LTE and NR V2X are known to each RAT.
· For short-term timescale coordination, coexistence is feasible between NR SL and LTE SL with SPS scheduling, when SL transmissions from both RATs overlap, or transmission from one overlaps with reception for the other, by prioritizing one of the RATs on each occurrence. This requires that the traffic load of LTE and NR is at or below an acceptable level, and needs information exchange within the UE between the SLs.

Working assumption in RAN1#96bis, confirmed in RAN1#97:
· For Tx/Tx overlap, 
· [bookmark: _Hlk20238280]If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications
· UE capability is defined for short-term time-scale TDM for in-device coexistence

FDM dynamic power sharing [TR38.885]:
· For inter-band and intra-band FDM coexistence with dynamic power sharing, it is assumed that NR and LTE transmissions are fully overlapped in the time domain, i.e. NR transmissions span the entire LTE TTI such that the total power across the transmissions is constant. In addition, it is assumed that there is subframe boundary alignment between LTE and NR SLs and that both SLs are aware of the time resource index, e.g. DFN for LTE, in both carriers. Under these conditions, inter-band and intra-band FDM coexistence is feasible when SL transmissions from both RATs overlap. It is expected that normative work on prioritization would cover high-level principles of prioritization, while details would be left to UE implementation.

4. Discussion
Discussion on Q1: For LTE-V2X, when UL and SL transmissions overlap in the same carrier / serving cell (shared Tx chains), prioritization rule was used. When LTE-UL and LTE-SL transmissions overlap in different carrier (e.g. UL on 2GHz, SL on 5.9GHz), dynamic power adjustment was used (assuming separate Tx chains were used). However, it is expected in NR that the usage of Tx chains is different to LTE-V2X, where multi-rank/layer transmissions becomes possible for NR-SL and NR-UL transmissions. As such, in some cases that UE Tx chains are expected to be shared between UL and SL transmission (no separate Tx chains). Therefore, the two scenarios 1) and 2) in Q1 considered by RAN2 are in our view relevant and valid for prioritization in Rel-16.
Answer to Q1: Yes, from RAN1’s perspective both scenario 1) and 2) described in RAN2’s LS are relevant and valid scenarios for prioritization in Rel-16.

Discussion on Q2: For the second question with cross-RAT UL and SL overlapping transmissions in different carriers and sharing Tx chains, from UE transmission standpoint there is no difference to the previous same-RAT UL and SL overlapping transmissions in different carriers and sharing Tx chains. However, further care should be taken into account due to extra processing and signalling exchange time between the two RATs within a UE. This aspect was discussed in RAN1 for the short-term timescale TDM solution, where relative priority of LTE-SL and NR-SL transmissions are compared. But if packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps. Therefore, RAN2 could do a similar priority comparison for cross-RAT UL and SL transmissions but subject to processing time restriction in the shared Tx chains case.
Answer to Q2: Yes, from RAN1’s perspective this is also a relevant and valid scenario for prioritization in Rel-16. During past RAN1 discussions on short-term timescale solution for intra-UE coexistence of LTE and NR SL transmissions, RAN1 made the following agreement taking into account of processing time constraint to pass priority information from one RAT to another. Therefore, RAN1 recommends to consider such restriction of additional processing time for the cross-RAT UL/SL prioritization work also in RAN2.
Working assumption in RAN1#96bis, confirmed in RAN1#97:
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications
· UE capability is defined for short-term time-scale TDM for in-device coexistence

Discussion on Q3: For the case of LTE-UL/NR-SL or LTE-SL/NR-UL to coexist in the same/shared carrier frequency, from our understanding it needs to be on a licensed carrier/spectrum. So far, RAN1 only considered coexistence scenarios between UL and SL transmissions on the same carrier to be of the same RAT. Without having a full knowledge about regulatory requirements in all regions, it is unclear at this stage whether it is allowed to operate different RATs on a shared/same carrier and in a licensed spectrum. Since this type of operating scenario has never been raised and discussed in RAN1, and also due to lack of time to complete the 5G V2X WI within R16 timeframe, it is unlikely that RAN1 will spend time discussing on such usage/configuration.
Answer to Q3: RAN1 has so far not considered such operating scenario where UL and SL transmissions from different RAT are in the shared/same carrier, and RAN1 has no plan to discuss this in Rel-16.

Discussion on Q4: When a UE is configured with dual-connectivity, where MCG and SCG has its own MAC entity, UL and SL transmissions in each CG will be scheduled independently. And therefore, separate Tx chain is expected between MCG and SCG operation. As such, from RAN1’s perspective that it is not necessary to consider UL/SL prioritization across CG with shared Tx chains in this question.
Answer to Q4: RAN1 has an opinion that it is not necessary to consider SCG UL and MCG SL prioritization in Rel-16.

Regarding the yellow highlighted question raised by RAN2 in the LS for RAN1 to further discuss, rely on RAN1 for the other scenario of “UL TX and SL TX using separated TX chains but shared power budget”, 

1) In Rel-16, RAN1 assumes 2Tx and working on multi-layer SL transmission for 5G V2X. In addition, multi-layer/-rank transmission in NR UL is also supported to improve data rate. As such, it is not expected that UL and SL Tx using separate Tx chains would be a dominant case in Rel-16, although it was the case in LTE-V2X in earlier releases. Therefore, from our perspective, the scenario where “UL TX and SL TX using separated TX chains but shared power budget” is not a high priority case in RAN1.
2) If in some cases UL and SL are using separate Tx chain, Tx switching is not required in this case, and therefore, the solution can be based on either prioritization rule or power sharing. It should be noted that power sharing for some of the cases especially in cross-RAT would be more complicated than others due to the additional processing time required between LTE and NR modules. Additionally, it should be also noted that in the coexistence agenda item, dynamic power sharing between LTE and NR SL transmissions is only possible subject to sufficient processing time and fully overlap in time. As such, this type of dynamic power sharing is not expected to be useful in all cases, especially when either UL or SL transmission latency is small e.g. URLLC type traffic. Therefore, it is recommended that for the power limited case between UL and SL transmissions, prioritization rule is used to resolve the overlapping issue even when separate Tx chains are used.

Observation: It is noted that in NR, multi-layer/-rank UL and SL transmissions are/will be supported. It is not expected UL Tx and SL Tx using separate Tx chains but shared power budget will be a dominant and high priority case. In order to perform dynamic power sharing between UL and SL, it is also expected that their transmissions should be full overlap in time. Furthermore, additional processing time should be also taken into account for cross-RAT UL/SL dynamic power sharing, which is not expected to be useful especially when either UL or SL transmission latency is small.

Proposal: It is recommended that for the power limited case between UL and SL transmissions, prioritization rule is used to resolve the overlapping issue even when separate Tx chains are used.

5. Conclusion
In this contribution, we discussed technical aspects of the questions raised in RAN2’s LS and provided some potential draft answers. A draft reply LS is also provided in [2]. In summary, we made the following draft answers, observation and proposal.

Answer to Q1: Yes, from RAN1’s perspective both scenario 1) and 2) described in RAN2’s LS are relevant and valid scenarios for prioritization in Rel-16.

Answer to Q2: Yes, from RAN1’s perspective this is also a relevant and valid scenario for prioritization in Rel-16. During past RAN1 discussions on short-term timescale solution for intra-UE coexistence of LTE and NR SL transmissions, RAN1 made the following agreement taking into account of processing time constraint to pass priority information from one RAT to another. Therefore, RAN1 recommends to consider such restriction of additional processing time for the cross-RAT UL/SL prioritization work also in RAN2.
Working assumption in RAN1#96bis, confirmed in RAN1#97:
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications
· UE capability is defined for short-term time-scale TDM for in-device coexistence

Answer to Q3: RAN1 has so far not considered such operating scenario where UL and SL transmissions from different RAT are in the shared/same carrier, and RAN1 has no plan to discuss this in Rel-16.

Answer to Q4: RAN1 has an opinion that it is not necessary to consider SCG UL and MCG SL prioritization in Rel-16.
Observation: It is noted that in NR, multi-layer/-rank UL and SL transmissions are/will be supported. It is not expected UL Tx and SL Tx using separate Tx chains but shared power budget will be a dominant and high priority case. In order to perform dynamic power sharing between UL and SL, it is also expected that their transmissions should be full overlap in time. Furthermore, additional processing time should be also taken into account for cross-RAT UL/SL dynamic power sharing, which is not expected to be useful especially when either UL or SL transmission latency is small.

Proposal: It is recommended that for the power limited case between UL and SL transmissions, prioritization rule is used to resolve the overlapping issue even when separate Tx chains are used.
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