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1 Introduction

In RAN2#106, the following agreements have been reached

Agreements on UL/SL prioritization: 
1: 
For NR UL and NR SL prioritization, the QoS requirement of both SL and UL transmissions can be used to judge whether the SL transmission is to be prioritized over UL or not, FFS on how the QoS requirement of SL and UL transmission can be taken into account.

2: 
For NR UL and NR SL prioritization, MSG1/3 for RACH procedure and PUSCH for emergency PDU connection are always prioritized over SL transmission.

3: 
LTE-solution should be applied to LTE UL and NR SL cross-RAT case (if needed). FFS on the need of this prioritization.

4:
For NR UL and LTE SL cross-RAT case, RAN2 aims at no change to LTE SL protocol, and LTE-solution is the baseline (if needed). FFS on the need of this prioritization.

5:
The priority value based solution can be applied to PC5-RRC messages as well, and default value can be defined in the spec, and allows (pre-)configuration to override it.

6:
RAN2 does not consider the scenario where SL is controlled/configured by SN in Rel-16 NR-V2X.

7: 
For UL/SL prioritization, RAN2 further discuss the need/impact to consider SCG UL for UL/SL prioritization.

8:
RAN2 aims at a general solution for UL/SL prioritization for different cast types.
In this contribution, we discuss the left issues on UL/SL prioritization.
2 Discussion
In R15, the UL/SL prioritization is performed according to the following rules:
Step-1: if there is UL-TX at the same time (except for PRACH/MSG3 transmission, or PUSCH for emergency transmission), the SL-TXs which are above the prioritization threshold are prioritized

Step-2: UL HARQ process would check the feasibility to perform the corresponding UL-TX, together with the SL-TXs;
-
if the MAC entity is not able to perform all uplink transmissions and all transmissions of V2X sidelink communication simultaneously at the time of the transmission; and

-
if uplink transmission is not prioritized by upper layer according to TS 24.386 [15]; and

-
if the value of the highest priority of the sidelink logical channel(s) in the MAC PDU is lower than thresSL-TxPrioritization if thresSL-TxPrioritization is configured.

Observation 1 LTE-V2X use PPPP threshold to prioritize SL over UL.

2.1 Collision between MCG UL and MCG SL

2.1.1 NR SL and NR UL

In RAN2#106, it was discussed that how for the UL QoS to be considered during UL/SL prioritization procedure, e.g., in order to down-prioritize SL if UL is for URLLC traffic.
1: 
For NR UL and NR SL prioritization, the QoS requirement of both SL and UL transmissions can be used to judge whether the SL transmission is to be prioritized over UL or not, FFS on how the QoS requirement of SL and UL transmission can be taken into account.

Generally, there are two types of view:
A. Keep the legacy LTE based method, i.e., the priority level order is 
a) RACH MSG1/3, emergency connection (and may be further extended to others)

b) SL with priority value lower than the threshold 

c) other UL except the ones in a) above

d) SL with priority higher than the threshold
B. Introduce a comparison based method, i.e., the priority level order is
a) RACH MSG1/3, emergency connection (and may be further extended to others)

b) Decide on the SL / UL prioritization based on the instant comparison of associated priority of SL and UL;
If one goes to Alt-B above, we see some main drawbacks as follows.

Firstly, UL priority and SL priority is not comparable with each other. According to 23.287
5.4.3.3 Priority Level

The Priority Level has the same format and meaning as that of the ProSe Per-Packet Priority (PPPP) defined in TS 23.285 [8]. 

NOTE: Using the same format for Priority Level and PPPP provides better backward compatibility. 

The Priority Level shall be used to different treatment of V2X service data across different mode of communication, i.e. broadcast, groupcast, and unicast. In case when all QoS requirements cannot be fulfilled for all the PC5 service data, the Priority Level shall be used to select for which PC5 service data the QoS requirements are prioritized such that a PC5 service data with Priority Level value N is prioritized over PC5 service data with higher Priority Level values, i.e. N+1, N+2, etc (lower number meaning higher priority). 

The priority level of PQI is defined as 1-8, this matches the RAN1 decision that the same 1-8 priority level would be used to decide on prioritization between LTE V2X sidelink TX and NR V2X sidelink TX.
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 

However, the UL priority is already defined as 1-16 in 38.331
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Therefore, to enforce a comparable priority between NR UL and NR SL, one has to define NR SL priority to be 1-16, and thus would lead to change to RAN1 agreement on LTE SL and NR SL priority comparison.

Observation 2 Comparable priority of NR UL and NR SL would lead to impact to SA2/RAN1 agreement of LTE SL and NR SL priority comparability.

Secondly, considering RAN2 already agree that we stick to legacy method for NR-SL/LTE-UL case
3: 
LTE-solution should be applied to LTE UL and NR SL cross-RAT case (if needed). FFS on the need of this prioritization.

In the scenario of (NG)EN-DC, where the NR-SL is under control of LTE node, and one may use [1..8] priority levels for NR-SL. But if RAN2 agrees on the need of UL/SL prioritization of MCG SL and SCG UL, one needs to base on the [1..16] priority to handle the prioritization between NR-SL and NR-UL at SCG. The same issue would happen in NE-DC
Observation 3 In case of (NG)EN-DC and NE-DC, if RAN2 agrees on the need of UL/SL prioritization between MCG SL and SCG UL, one has to handle the priority of NR-SL in different way, w.r.t. MCG UL and w.r.t. SCG SL.
Thirdly, UL priority and SL priority are not comparable to each other, i.e., UL priority is for QoS differentiation between UL traffic flows, 
The Priority Level shall be used to differentiate between QoS Flows of the same UE, and it shall also be used to differentiate between QoS Flows from different UEs.

While SL priority is for QoS differentiation between SL traffic flows
The Priority Level shall be used to different treatment of V2X service data across different mode of communication, i.e. broadcast, groupcast, and unicast.
Although there is argument saying that since both are under network control, network can configure UL and SL LCH priority in a way that they are comparable to each other, it is not feasible in reality. But if the UE operates in “non-operator-managed” area, e.g., EU and US, the SL LCH priority comes from pre-configuration while the UL LCH priority comes from RAN node, so there is no way to ensure that the two are comparable to each other.
Observation 4 UL LCH priority and SL LCH priority are not comparable to each other, at least in “non-operator-managed” geo-area, where the former relies on RAN configuration but the latter relies on pre-configuration.
Fourthly, for SRB, the default priority is 1/3
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It would leads to the result that SRB would always be prioritized over SL, regardless of whether there is URLLC traffic on UL.
Observation 5 Default SRB priority configuration would leads to SRB already being prioritized over SL.
Finally, according to the on-going discussion in IIoT, the priority comparison based prioritization is to be applied to handled eMBB and URLLC UL transmission, but it requires tight interaction between the MAC and PHY, taking into account of the time line of 
1) DCI (UL and SL grant) processing at PHY layer;

2) Grant prioritization taking into account of LCH priority and data availability at MAC layer;

3) MAC PDU generation at MAC layer;

4) UCI multiplexing at PHY layer;

The tight interaction puts high requirement to implementation, and it may leads unavoidable case that a MAC PDU which has been generated and delivered to PHY layer, but finally down-prioritized and dropped. If it applies to SL/UL prioritization, on top of the interaction between UL MAC and UL PHY, a tight integration of UL module and SL module is required, i.e., tight interaction between UL MAC, UL PHY, SL MAC and SL PHY. Different from that, the legacy thresSL-TxPrioritization based method does not require tight inter-action of the UL and SL processing, where one just need to check the priority of SL TX.
Observation 6 Instant UL/SL priority comparison requires tight interaction between UL module (MAC and PHY) and SL module (MAC and PHY).
Therefore, our preference is stick to the legacy LTE framework, i.e., to decide on UL/SL prioritization without UL / SL priority comparison.
Proposal 1 Rely on the legacy LTE UL/SL prioritization framework as baseline for NR UL/SL prioritization, i.e., no need to perform UL / SL priority comparison.

Besides the prioritization issue due to TX chain sharing at MAC layer, another issue is how to allocate the power due to power budget sharing, which is in the scope of RAN1. Therefore, LS is needed to trigger RAN1 work.

Proposal 2 RAN2 send LS to RAN1 to trigger the work on power budget sharing for LTE-SL/NR-UL case.
2.1.2 NR SL and LTE UL, LTE SL and NR UL

Firstly, one question is whether there is a need for UL / SL prioritization, for UL/SL at different RATs. 
To answer this question, one needs to look into the motivation of UL / SL from RAN4-related perspective:
· Intra-band case: in this case, UL and SL are located in the same / adjacent band, so that some RF related components may be shared. Therefore, UE may not be able to perform UL / SL at the same time on this band. From this perspective, one may argue that band-47 may not be used for UL operation, so that at least prioritization issue is not applicable to LTE SL which is to be limited to band 47. However, according to [2], NR-U is working on n46 band (5150MHz – 5925MHz), which includes the range of band 47 (5855MHz – 5925MHz). 
· Inter-band case: in this case, since UL and SL are located in different bands, so probably the RF related components are separated, and thus simultaneous TX should be feasible. However, there are still some issues that stops simultaneous TX of UL and SL:
· Simultaneous TX may not be feasible due to harmonic or inter-modulation signal from the two bands. It may cause that the DL reception is severely interfered due to the harmonic or inter-modulation signal of UL / SL transmission at the two bands. Therefore, simultaneous transmission may not be feasible.
· Simultaneous TX may not be feasible due to baseband processing capability. I.e., even if the RF components are separated, the baseband may be shared. Thus, if one band occupies too much baseband capability, the other band may not work at the same time.
Observation 7 UL / SL prioritization is necessary for both NR-SL/LTE-UL and LTE-SL/NR-UL cases for intra-band scenario, due to n46 band for NR-U band.

Observation 8 UL / SL prioritization is necessary for both NR-SL/LTE-UL and LTE-SL/NR-UL cases for inter-band scenario, due to harmonic/inter-modulation interference and baseband coupling.
Secondly, the issue is how to do the prioritization.
In case of LTE-UL, considering the agreement
3: 
LTE-solution should be applied to LTE UL and NR SL cross-RAT case (if needed). FFS on the need of this prioritization.

Both NR-SL and LTE-SL would follow the legacy LTE scheme, i.e., using thresSL-TxPrioritization to judge whether SL is to be prioritized over UL. E.g., thresSL-TxPrioritization should be configured by LTE RAN node, in case that it provides the cross-RAT configuration of NR SL.
Proposal 3 In case of cross-RAT control from LTE Uu to NR PC5, thresSL-TxPrioritization should be configured for UL/SL prioritization for LTE-UL/NR-SL collision.
In case of NR-UL, one needs to consider the following scenario: the UE is performing LTE SL, NR SL and NR UL transmission at the same time - when all 3 transmission of LTE-SL/NR-SL/NR-UL collide with each other, and if 

1. The priority level of LTE SL is higher than NR SL, 

2. the PPPP value of LTE SL is lower than the thresSL-TxPrioritization, 

3. UL transmission is for URLLC data. 

In this case, if one of the three colliding transmissions need to be prioritized, we cannot find feasible solution if one does not apply the same prioritization rule for NR-SL/NR-UL and LTE-SL/NR-UL:

1. If one prioritizes NR-SL, it collides with the RAN1 decision that the LTE-SL and NR-SL prioritization should follow the priority value;

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 

2. If one prioritizes LTE-SL, it collides with the intention that URLLC-UL should be prioritized over non-URLLC-SL, which is the reason for the discussion on enhancement of NR-UL/NR-SL prioritization;

3. If one prioritizes NR-SL, it collides with the legacy UL/SL prioritization rule that SL is to be prioritized if PPPP is lower than the threshold. 

The only way to secure NR UL-URLLC is to apply the same prioritization for NR-SL/NR-UL and LTE-SL/NR-UL, i.e., to avoid the contradictory issue-2 above. Otherwise, it means that if UE is equipped with LTE-SL, the intention of prioritizing UL-URLLC traffic cannot be secured.
Observation 9 The UL/SL prioritization rule used for NR-UL/NR-SL, if not applied to NR-UL/LTE-SL, would fail to work in case that the UE is performing both LTE-SL/NR-SL transmission.
Proposal 4 The UL/SL prioritization rule used for NR-UL/NR-SL scenario is also applied to NR-UL/LTE-SL scenario.
Similarly, the power budget sharing issue should be handled by RAN1.

Proposal 5 RAN2 send LS to RAN1 to trigger the work on power budget sharing for NR-SL/LTE-UL and NR-SL/NR-UL cases.
2.2 Collision between MCG SL and SCG UL
Before we look into this issue, one needs to understand the reason for the collision, before look into possible solution.
2.2.1 Is there any collision due to TX chain sharing?
If there is collision due to TX chain sharing, i.e., TX chain sharing between MCG SL and SCG UL:

· From UE perspective, 
1. On the one hand, this prioritization is not in the same MAC entity but on different MAC entity, so rigorously not an issue that can be handled by RAN2.
2. On the other hand, in case of (NG)EN-DC and NE-DC, UE may need to perform the prioritization of MCG-UL/MCG-SL and SCG-UL/SCG-SL in different ways, i.e., for collision between NR-SL and MCG LTE-UL, the legacy scheme is to be used, but for collision between NR-SL and SCG NR-UL, the new scheme is to be used, this would cause further difficulty on prioritization rule design.

· Yet from network perspective, especially from SN perspective, the collision is hard to be handled:
1. On the one hand, the sidelink configuration is fully under MN control, i.e., it may be the case that SN does not support sidelink at all.
2. On the other hand, SN may observe that the UL channel (PUSCH, PUCCH and etc.) are dropped by UE occasionally, for unknown reasons.
This causes a new / strange scenario for the network, i.e., it has to handle UL channel dropping due to unknown reasons, i.e., due to sidelink configuration of other RAN node.
Observation 10 If allow TX chain sharing between MCG SL and SCG UL, the prioritization cannot be handled by MAC layer but should be by PHY layer, i.e., not in RAN2 scope.

Observation 11 If allow TX chain sharing between MCG SL and SCG UL, RAN2 has to handle the issue of possible different handling of MCG-SL/MCG-UL and MCG-SL/SCG-UL collision in (NG)EN-DC and NE-DC.
Observation 12 If allow TX chain sharing between MCG SL and SCG UL, SN has to handle UL channel dropping due to sidelink configuration of other RAN node.
Proposal 6 RAN2 does not pursue UL/SL prioritization for TX chain MCG SL and SCG UL.
2.2.2 Is there any collision due to power budget sharing?

This case is straightforward, i.e., the power budget can be shared between MCG and SCG, regardless of UL or SL. However, the collision of power is not in the scope of RAN2, and one cannot simply use priority to handle that.
E.g., in case of EN-DC, RAN1 defines two ways of power control method: one is to impose fixed power between LTE and NR, and if the configuration from MCG/SCG collides, it simply drop the NR part
-
If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 in [13, TS 36.213])

-
If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the UE does not expect to transmit in a slot on the SCG in FR1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
The other is to dynamic adjust the power of SCG side, i.e., always secure the MCG side, i.e., LTE part
the UE reduces transmission power in any portion of slot 
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 of the SCG. The UE is required to transmit in slot 
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I.e., due to the difficulty of inter-RAT module interaction, RAN1 did not consider a dynamic power sharing scheme based on priority-like scheme.

Observation 13 The power sharing between MCG/SCG is in RAN1 scope, and Uu interface did not adopt a priority-based dynamic power sharing scheme.
So it is proposed that RAN2 trigger the work in RAN1 by sending LS.
Proposal 7 RAN2 send LS to RAN1 to trigger the work on power budget sharing between MCG SL and SCG UL.
2.3 Collision due to PSFCH transmission
In the offline discussion 704 during RAN2#106, one question being discussed is PSFCH handling. Majority view is either reuse the same mechanism for PSCCH/PSSCH or too early to decide. Considering that the priority value would be carried in PSCCH, it is straightforward to derive the priority value of PSFCH carrying A/N feedback from the associated priority value included in PSCCH.

Proposal 8 For PSFCH, RAN2 aims at a same solution as PSCCH/PSSCH
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
LTE-V2X use PPPP threshold to prioritize SL over UL.
Observation 2
Comparable priority of NR UL and NR SL would lead to impact to SA2/RAN1 agreement of LTE SL and NR SL priority comparability.
Observation 3
In case of (NG)EN-DC and NE-DC, if RAN2 agrees on the need of UL/SL prioritization between MCG SL and SCG UL, one has to handle the priority of NR-SL in different way, w.r.t. MCG UL and w.r.t. SCG SL.
Observation 4
UL LCH priority and SL LCH priority are not comparable to each other, at least in “non-operator-managed” geo-area, where the former relies on RAN configuration but the latter relies on pre-configuration.
Observation 5
Default SRB priority configuration would leads to SRB already being prioritized over SL.
Observation 6
Instant UL/SL priority comparison requires tight interaction between UL module (MAC and PHY) and SL module (MAC and PHY).
Observation 7
UL / SL prioritization is necessary for both NR-SL/LTE-UL and LTE-SL/NR-UL cases for intra-band scenario, due to n46 band for NR-U band.
Observation 8
UL / SL prioritization is necessary for both NR-SL/LTE-UL and LTE-SL/NR-UL cases for inter-band scenario, due to harmonic/inter-modulation interference and baseband coupling.
Observation 9
The UL/SL prioritization rule used for NR-UL/NR-SL, if not applied to NR-UL/LTE-SL, would fail to work in case that the UE is performing both LTE-SL/NR-SL transmission.
Observation 10
If allow TX chain sharing between MCG SL and SCG UL, the prioritization cannot be handled by MAC layer but should be by PHY layer, i.e., not in RAN2 scope.
Observation 11
If allow TX chain sharing between MCG SL and SCG UL, RAN2 has to handle the issue of possible different handling of MCG-SL/MCG-UL and MCG-SL/SCG-UL collision in (NG)EN-DC and NE-DC.
Observation 12
If allow TX chain sharing between MCG SL and SCG UL, SN has to handle UL channel dropping due to sidelink configuration of other RAN node.
Observation 13
The power sharing between MCG/SCG is in RAN1 scope, and Uu interface did not adopt a priority-based dynamic power sharing scheme.


And thus we propose:
Proposal 1
Rely on the legacy LTE UL/SL prioritization framework as baseline for NR UL/SL prioritization, i.e., no need to perform UL / SL priority comparison.
Proposal 2
RAN2 send LS to RAN1 to trigger the work on power budget sharing for LTE-SL/NR-UL case.
Proposal 3
In case of cross-RAT control from LTE Uu to NR PC5, thresSL-TxPrioritization should be configured for UL/SL prioritization for LTE-UL/NR-SL collision.
Proposal 4
The UL/SL prioritization rule used for NR-UL/NR-SL scenario is also applied to NR-UL/LTE-SL scenario.
Proposal 5
RAN2 send LS to RAN1 to trigger the work on power budget sharing for NR-SL/LTE-UL and NR-SL/NR-UL cases.
Proposal 6
RAN2 does not pursue UL/SL prioritization for TX chain MCG SL and SCG UL.
Proposal 7
RAN2 send LS to RAN1 to trigger the work on power budget sharing between MCG SL and SCG UL.
Proposal 8
For PSFCH, RAN2 aims at a same solution as PSCCH/PSSCH
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