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1 Introduction

In RAN2#107bis, the following agreements have been reached

Agreements on prioritization: 

1: 
A separate LCH priority thresholds is configured for both NR-UL and NR-SL.

2:
For between SL-data and UL-data/SRB, the SL transmission is prioritized if the highest priority value of UL LCH(s) with available data is larger than the UL priority threshold and the highest priority value of SL LCH(s) with available data is lower than the SL priority threshold. Otherwise the UL transmission is prioritized.

3:
Prioritization between UL SR and SL data transmission could be based on priority of the UL LCH that triggered the UL SR and priority value(s) of SL LCH(s), similar as prioritization between NR UL data and NR SL data transmission.

Agreements on flexible BSR: 

1: 
If SL-BSR is prioritized, and if the UL-grant size is not enough to carry “the BS of all prioritized SL-BSR entries + UL-BSR”, transmit SL-BSR. Otherwise, rely on legacy behavior.

2:
The rule for UL-data/SL-data prioritization is reused for defining prioritized SL-BSR/UL-BSR.
In this contribution, we discuss the left issues on UL/SL prioritization.
2 Discussion
2.1 Issue-1: Left issues for intra-RAT (intra-CG)
Although a threshold-based method has been adopted to handle the collision between UL-triggered UL-TX and SL-TX, considering the UL priority threshold is only applicable to the MAC SDU and MAC CE with associated LCH, e.g., BSR (which is to be further confirmed), it is unclear how to treat the other MAC CEs which does not associate with UL LCH(s), including
-
Recommended bit rate query

-
PHR

-
Configured Grant Confirmation
For simplicity, one way to handle these MAC CE is to rely on legacy method, i.e., these MAC CE would be prioritized over sidelink only if the sidelink transmission priority is lower than the SL priority threshold. I.e., the newly defined UL priority threshold only helps the data from LCH.
Proposal 1 For the UL LCH priority threshold used for UL/SL prioritization, RAN2 discuss whether it is applied to MAC CEs of UL BSR, configured grant confirmation, PHR, and Recommended bit rate query. 
Besides the flexible BSR issue which is limited to a same PUSCH, i.e., as an enhanced LCP procedure, one left issue is the collision between two PUSCH, triggered by UL and SL respectively. Looking at the progress in IIoT, the only delta part due to sidelink is the SL-BSR and SL configured grant confirmation. However, considering IIoT has not yet progressed on prioritization for UL-triggered MAC CE, it would be safer to further wait for the progress from IIoT, before decision within V2X WI.
Observation 1 V2X can wait for IIoT progress to handle the collision between UL-triggered UL-TX and SL-triggered UL-TX.
Besides the prioritization 1) between UL-triggered UL-TX and SL-TX, 2) between UL-triggered UL-TX and SL-triggered UL-TX, one left issue is about the prioritization 3) between SL-TX and SL-triggered UL-TX.
For this case, it is straightforward to compare direct the associated SL-LCH priority, similar to the prioritization between SL-TX and SL-TX.

Proposal 2 For prioritization between SL-TX and SL-triggered UL-TX, it is based on direct comparison between associated LCH priority. RAN2 further discuss which UL-TX (e.g., SR, BSR, configured grant confirmation) needs to considered for prioritization between SL-TX and SL-triggered UL-TX.
2.2 Issue-2: Left issue for inter-RAT (intra-CG)
Based on LS-reply from RAN1, it clarifies that the prioritization for inter-RAT can be limited to shared chain case, 
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.

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.
On the other hand, as clarified by RAN1
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, 

o
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.)

o
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.)
o
RAN1 does not assume any impact to LTE physical layer specifications

o
UE capability is defined for short-term time-scale TDM for in-device coexistence

I.e., to address the concern on processing time restriction for priority information exchange between LTE module and NR module, e.g.,

· For SL of RAT1, it has to at least know whether the UL of RAT2 are for MSG3 or emergency case, before deciding to transmit;
· For UL of RAT2, it has to at least know whether the SL of RAT1 are lower than SL priority threshold, before deciding to transmit;
RAN2 can align with RAN1 for the UE implementation based solution.
Proposal 3 For LTE-UL/NR-SL and NR-UL/LTE-SL, if the two RATs cannot exchange prioritization-related information prior to time of transmission subject to processing time restriction, it is up to UE implementation to decide whether UL or SL to prioritize. 

For the case where the inter-RAT information exchange is feasible, one left issue is whether to stick to the legacy LTE solution or to align with NR solution for the prioritization.
· For LTE-UL/NR-SL prioritization, it is more straightforward to use legacy LTE solution, i.e., a single priority threshold for SL is configured;
· For NR-UL/LTE-SL prioritization, the key issue is that if the UE works in dual PC5 mode (LTE PC5 and NR PC5), the prioritization would be for the 3 TX, NR-UL, NR-SL and LTE-SL.
For the latter case, on the one hand, if one believes the TX chain can be shared by the 3 TX, e.g., the three operate on the same band (this can be either due to the NR-UL is on n46, i.e., for NR-U operation, or due to the LTE-SL is on licensed band, i.e., for ProSe operation), the newly introduced UL threshold should be applied to LTE-SL as well. In details, 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;

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-UL, 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.

Or, on the other hand, if one believes the TX chain can only be shared by 2 of the 3 TX, e.g., only prioritization of LTE-SL/NR-SL or NR-SL/NR-UL, there is no need to apply the newly introduced UL threshold to LTE-SL
Observation 2 If the UE is performing both LTE-SL/NR-SL transmission, and the TX chain can be shared between all the three TX, i.e., LTE-SL, NR-SL and NR-UL, the newly introduced UL threshold should be applied. Otherwise, it is not needed.
Proposal 4 If the two RATs can exchange prioritization-related information prior to time of transmission subject to processing time restriction, rely on LTE solution for LTE-UL/NR-SL prioritization, and RAN2 discuss whether to apply the LTE solution or NR solution, based on understanding of feasibility of TX chain sharing between LTE-SL, NR-SL and NR-UL.
From another perspective, it is questionable whether a same MAC entity can be used for UL and SL of different RAT: if yes, it is straightforward to solve the collision at RAN2 level, or if not, it is logically wrong to solve the collision between different MAC entity at MAC layer, i.e., the collision should be handled in PHY layer. So it is proposed to discuss the MAC modelling, to understand whether the collision should be solved in MAC or PHY layer.

Proposal 5 RAN2 discuss whether rely on RAN1 or RAN2 specification to handle the inter-RAT collision case.
2.3 Issue-3: Left issue for inter-CG

For inter-CG scenario, according to RAN1 reply, there is no need to “separately” consider the inter-CG prioritization issue.
Answer to Q4: From RAN1’s perspective, it is not necessary to separately consider SCG UL and MCG SL prioritization in Rel-16. In addition, RAN1 made the following working assumption without targeting a specific operating scenario. RAN1 has no plan to discuss UL/SL prioritization rule for each operating scenario separately in Rel-16.

There is some ambiguity from this “separately”, i.e., it can be understood either the cross-CG prioritization is not needed to consider, or it should be considered by a general solution without cross-CG specific handling is enough. In the following, we try to analysis the issue in more details.
2.3.1 Is there any collision to handle at MAC layer (RAN2 level)?

From RAN2 perspective, the collision to be handled is mainly due to either carrier sharing or TX chain sharing, i.e., (Please note that case-A has been ruled out by RAN1 for inter-RAT case, i.e., case-A is only a question for intra-RAT case):
A. Either the UE is configured by MN for sidelink TX on carrier-1, on which there is a serving cell (i.e., also on carrier-1) configured by SN;

B. Or the UE is configured by MN for sidelink TX on carrier-1, which can share the TX chain for UL of a severing on carrier-2 configured by SN;

While one may argument this could be the choice of network configuration, i.e., network implementation, we see some contradictory points if the network enable either scenario above - From SN perspective, the collision is hard to be handled:

Considering in Rel-16, sidelink is fully under MN control but not SN, i.e., SN may be even not sidelink capable. Due to the collision case-A/B above, however, it may observe that some scheduled UL are dropped by UE for “unknown” (since it has no idea of the sideling scheduling done by MN) reasons. SN may handle the issue as DCI missing, which would not solve the issue anyway, but may cause further resource waste, e.g., due to aggregation level increase of DCI.

Or, to solve the issue for SN, if one argues that some TDM pattern can be agreed by MN and SN, in terms of shared carrier usage (for Case-A) or the shared chain usage (for case-B). It means some Xn signalling between MN and SN, i.e., RAN3 impact (here the issue is different single-UL issue of MR-DC, so cannot directly reuse the solution there), and the key issue is: if TDM pattern is used, MN/SN can already avoid the collision in advance, i.e., the necessity of UE-based prioritization rule does not exist anymore.
Observation 3 MAC can only handle collision due to shared carrier or shared chain, which would cause interruption to UL scheduling by SN, considering SN cannot configure / control sidelink in Rel-16 scope.
In other words, it is not feasible to enable such shared carrier / chain configuration, and thus there is no collision to handle at PHY layer. From another perspective, since different CG has separate MAC entity, it is logically wrong to handle such prioritization at MAC layer.
Observation 4 Even if it may happen, the collision is between different MAC entity, it is logically wrong to handle that prioritization at MAC layer.
Proposal 6 No need for RAN2 to handle the collision for inter-CG scenario.
2.3.2 Is there any collision to handle at PHY layer (RAN1 level)?

This case is straightforward, i.e., the power budget can be shared between MCG and SCG, regardless of UL or SL. 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
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I.e., due to the difficulty of inter-RAT module interaction, RAN1 did not consider a dynamic power sharing scheme for Uu interface. 
Observation 5 The power sharing between MCG/SCG is in RAN1 scope, and Uu interface did not adopt a dynamic power sharing scheme.
Looking at the RAN1 working assumption, however, the agreed solution is priority-based dynamic power sharing scheme, and thus it is infeasible to apply this scheme to inter-CG scenario.
•
For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),

o
If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed   on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.

o
If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed   on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.

o
Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink


PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.

•
Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.

o
If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.

o
FFS: when to prioritize which transmission
o
FFS: how to address UE processing time

o
FFS: whether there is a case of dropping some symbols of uplink transmissions

o
Whether/how to address RF transient period is up to RAN4.

Since in Rel-16, the DC scenario is to be supported, a feasible fixed-type power sharing scheme in RAN1 is missing. Otherwise, DC scenario cannot be supported.
Proposal 7 RAN2 send LS to RAN1 to trigger the work on inter-CG UL/SL power budget sharing.

2.4 Issue-4: Left issue on PHY layer prioritization

In the LS-reply, RAN1 clarify the RAN1-defined PHY-layer prioritization behaviour, which can be applied at least for separate chain but shared power budget case

•
For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),

o
If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed   on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.

o
If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed   on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.

o
Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink


PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.

•
Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.

o
If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.

o
FFS: when to prioritize which transmission

o
FFS: how to address UE processing time

o
FFS: whether there is a case of dropping some symbols of uplink transmissions

o
Whether/how to address RF transient period is up to RAN4.

According to the working assumptions above, there are one main left issue: although RAN1 adopt the term of either “prioritized” and “higher priority”, there is no defined rule to judge the “prioritization”. It would be preferred to align the prioritization rule for MAC and PHY layer.

Proposal 8 RAN2 send further LS reply to RAN1 to clarify the RAN2 agreement on UL/SL prioritization, for intra-/inter-RAT, and intra-/inter-CG case.

3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
V2X can wait for IIoT progress to handle the collision between UL-triggered UL-TX and SL-triggered UL-TX.
Observation 2
If the UE is performing both LTE-SL/NR-SL transmission, and the TX chain can be shared between all the three TX, i.e., LTE-SL, NR-SL and NR-UL, the newly introduced UL threshold should be applied. Otherwise, it is not needed.
Observation 3
MAC can only handle collision due to shared carrier or shared chain, which would cause interruption to UL scheduling by SN, considering SN cannot configure / control sidelink in Rel-16 scope.
Observation 4
Even if it may happen, the collision is between different MAC entity, it is logically wrong to handle that prioritization at MAC layer.
Observation 5
The power sharing between MCG/SCG is in RAN1 scope, and Uu interface did not adopt a dynamic power sharing scheme.


And thus we propose:
Proposal 1
For the UL LCH priority threshold used for UL/SL prioritization, RAN2 discuss whether it is applied to MAC CEs of UL BSR, configured grant confirmation, PHR, and Recommended bit rate query.
Proposal 2
For prioritization between SL-TX and SL-triggered UL-TX, it is based on direct comparison between associated LCH priority. RAN2 further discuss which UL-TX (e.g., SR, BSR, configured grant confirmation) needs to considered for prioritization between SL-TX and SL-triggered UL-TX.
Proposal 3
For LTE-UL/NR-SL and NR-UL/LTE-SL, if the two RATs cannot exchange prioritization-related information prior to time of transmission subject to processing time restriction, it is up to UE implementation to decide whether UL or SL to prioritize.
Proposal 4
If the two RATs can exchange prioritization-related information prior to time of transmission subject to processing time restriction, rely on LTE solution for LTE-UL/NR-SL prioritization, and RAN2 discuss whether to apply the LTE solution or NR solution, based on understanding of feasibility of TX chain sharing between LTE-SL, NR-SL and NR-UL.
Proposal 5
RAN2 discuss whether rely on RAN1 or RAN2 specification to handle the inter-RAT collision case.
Proposal 6
No need for RAN2 to handle the collision for inter-CG scenario.
Proposal 7
RAN2 send LS to RAN1 to trigger the work on inter-CG UL/SL power budget sharing.
Proposal 8
RAN2 send further LS reply to RAN1 to clarify the RAN2 agreement on UL/SL prioritization, for intra-/inter-RAT, and intra-/inter-CG case.
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