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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN2 #109 e-meeting, following was concluded:

	Observation, acc to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority). 



In RAN2 #109bis e-meeting, an LS in R1-2003259 was sent to RAN1, asking RAN1’s views on how to resolve the potential discrepancy between RAN1 and RAN2 on the collision handling for PUSCH with the same priority. In this contribution, we first analyze the collision cases where there may be inconsistent handling between MAC and PHY, then provide our views on the solutions for these cases. The draft reply LS is in our companion [1].

2. [bookmark: OLE_LINK6]Discussion 
It is noted that RAN2 #109bis e-meeting also made the following agreements for URLLC/IIoT UE capability:
	R2 assumes that PHY-based prioritization and LCH-based prioritization are configured independently and one can be configured without the other (assumption may be modified when LS reply from R1 is received)



Based on above agreement, it is implied that RAN2 assumes MAC prioritization can be configured regardless the PHY priority. Therefore, we analyze the collision cases where there could be two MAC PDUs with the same L1 priority in Table 1, taking into account the support/configuration of intra-UE prioritization (in short Pri.) in PHY layer and/or MAC layer. 



	Case
	PHY layer handling
	MAC layer handling
	Consistency

	1: DG vs. DG 
(Irrespective whether the UE supports intra-UE prioritization)
	Conclusion@RAN1#99
· In Rel. 16 URLLC: The UE is not expected to be scheduled with two DG-PUSCH overlap in the time domain on the same carrier.
	NW shall ensure no colliding DGs such that case 1 will not occur. 
Therefore, MAC layer does not need to handle such case. 
	Yes

	2a: DG vs. CG 

· For Rel.15 UEs; 
· For Rel.16 UEs NOT supporting intra-UE prioritization in both PHY and MAC layer
	PHY: NO support for intra-UE Pri. 
· DG overrides a CG under the timeline restriction i.e., N2 (from the ending symbol of PDCCH scheduling the DG to the starting symbol of the CG Tx) as specified in Rel-15. In this case, the CG will not start transmit at all. 
· PHY assumes no CG MAC PDU is generated in MAC.  
	MAC: NO support for intra-UE Pri. 

· MAC shall NOT generate CG MAC PDU, but generate DG MAC PDU. 
	Yes  

	2b: DG vs. CG 

· For Rel.16 UEs supporting intra-UE prioritization in both PHY and MAC layer
	PHY: support for intra-UE Pri. 
Based on current spec TS 38.214 [2] and taking into account the agreements we achieved in RAN1#99, as in Appendix, there are two interpretations (In.) as bellowed.

· In.1: for DG and CG with same priority i.e., both CG and DG are high priority or both CG and DG are low priority, Rel.15 rule applies.
· PHY layer handling for case 2b is the same as that for case 2a, i.e. CG will not start transmit at all and no CG MAC PDU is generated in MAC.
· In.2: CG may or may not start Tx. If earlier CG starts Tx, later DG can cancel the CG under the timeline restriction M. If earlier DG starts Tx, later CG cannot cancel DG and CG cannot start transmission.  
· PHY layer handling of case 2b can support two MAC PDUs are delivered from MAC, but the DG is always prioritized over CG. 
	MAC: support for intra-UE Pri. 

MAC generates both DG and CG MAC PDU, 
· the DG delivered later shall override the CG delivered earlier.
· The CG delivered later shall override the DG delivered earlier.
	For In.1: No;

For In.2:
· Yes, if DG is later than CG;
· No, if CG is later than DG

	2c: DG vs. CG 
· For Rel.16 UEs, the intra-UE prioritization is supported in MAC layer, but is not support in PHY layer. 
	PHY: NO support for intra-UE Pri. 

· NW ensures the DG override a CG under the timeline restriction i.e., N2 (from the ending symbol of PDCCH scheduling the DG to the starting symbol of the CG Tx) as specified in Rel-15. In this case, the CG will not start transmit at all. 
· PHY assumes no CG MAC PDU is generated in MAC.  
	MAC: support for intra-UE Pri. 

MAC generates both DG and CG MAC PDU,
· The DG delivered later shall override the CG delivered earlier.
· The CG delivered later shall override the DG delivered earlier.
	No

	2d:  DG vs. CG 
· For Rel.16 UEs, the intra-UE prioritization is supported in PHY layer, but is not support in MAC layer. 
	PHY: support for intra-UE Pri. 

· Physical layer only transmit DG since only DG MAC PDU is delivered from MAC
	MAC: NO support for intra-UE Pri. 

· MAC shall generate DG PDU and shall not generate CG PDU.
	Yes

	3a: CG vs. CG 

· For Rel.16 UEs NOT supporting intra-UE prioritization in both PHY and MAC layer 

	PHY: NO support for intra-UE Pri. 

Has not been discussed/addressed yet

Preferred UE behaviour
· No CG-CG collision handling rule in PHY, UE transmits the CG that has corresponding MAC PDU delivered from MAC
	MAC: NO support for intra-UE Pri. 

Not sure RAN2’s decision. 
· Reasonable assumption is MAC only generate one CG MAC PDU
	Yes?

	3b: CG vs. CG 

· For Rel.16 UEs supporting intra-UE prioritization in both PHY and MAC layer 

	PHY: support for intra-UE Pri. 

Has not been discussed/addressed yet
· Opt. 1: If it is possible to align with RAN2’s observation, cancel the earlier CG and the cancellation timeline is up to UE implementation.
· Opt. 2: If it is not possible to align with RAN2’s observation, transmit which one, up to UE implementation. 

	MAC: support for intra-UE Pri. 

MAC generates two CGs and the CG delivered later shall override the CG delivered earlier.
	· Yes, for option 1
· No, for option 2

	3c: CG vs. CG 

· For Rel.16 UEs, the intra-UE prioritization is supported in MAC layer, but is not support in PHY layer. 
	PHY: NO support for intra-UE Pri. 

Has not been discussed/addressed yet
Since PHY does not support intra-UE prioritization, it is not feasible to support earlier CG cancellation. Possible options can be
· transmit which one, up to UE implementation. 
· MAC generate one MAC PDU
· No support of such combination of intra-UE Pri. is not supported in PHY, but supported in MAC 
	MAC: support for intra-UE Pri. 

MAC generates two CGs and the CG delivered later shall override the CG delivered earlier.
	· No

	3d: CG vs. CG 

· For Rel.16 UEs, the intra-UE prioritization is supported in PHY layer, but is not support in MAC layer. 
	PHY: support for intra-UE Pri. 
Has not been discussed/addressed yet

Preferred UE behaviour
· No CG-CG collision handling rule in PHY, UE transmit the CG that has corresponding MAC PDU delivered from MAC
	MAC: NO support for intra-UE Pri. 

Not sure RAN2’s decision. 
· Reasonable assumption is MAC only generate one CG MAC PDU
	Yes?






There are following observations based on above analysis in the table:
Observations: 
· MAC and PHY handling on DG vs. DG is consistent, since NW shall ensure such collision will not happen. 
· For DG vs. CG and CG vs.CG for Rel.16 UEs,
· Clarification is needed from RAN2 on how to handle the collision case in MAC layer if MAC layer intra-UE prioritization is not supported or not configured, i.e., LCH-based prioritization is not configured.
· RAN1 assumes only one MAC PDU is generated for the collision case, i.e. the same as Rel-15
· Based on above understanding for MAC handling collision case when MAC does not support intra-UE prioritization, 
· For DG vs. CG and CG vs.CG for Rel.16 UEs,
· when the intra-UE prioritization is neither supported in PHY layer nor supported in MAC layer, MAC and PHY handling is consistent
· when the intra-UE prioritization is supported in PHY layer, but not supported in MAC layer, MAC and PHY handling is consistent
· when the intra-UE prioritization is not supported in PHY layer, but supported in MAC layer, MAC and PHY handling is NOT consistent. 
· when the intra-UE prioritization is supported in both PHY layer and in MAC layer, 
· For DG vs. DG, if interpretation 2 is adopted which is based on current spec writing way, 
· if DG is delivered later than CG, MAC and PHY handling is consistent;
· otherwise, MAC and PHY handling is NOT consistent.
· For CG vs. CG, it is possible to align with RAN2’s observation for consistent handling between MAC and PHY, e.g. cancel the earlier CG and the timeline is up to UE implementation.
It is not clear what is the use case or benefits for the independent intra-UE prioritization configuration for MAC layer and PHY layer; Based on above observations, at least when intra-UE prioritization is supported for MAC layer but not supported for PHY layer, the collision handling for the most cases are inconsistent between MAC and PHY; on the other hand, the result is opposite that consistent handling between PHY and MAC layer can be achieved if intra-UE prioritization is Not supported for MAC layer but supported for PHY layer. 
From our perspective, since intra-UE prioritization configuration for PHY layer is not only used to handle the collision cases between PUSCH and PUSCH, but also PUCCH and PUSCH/PUCCH, there could be a case of intra-UE prioritization configured for PHY layer but not configured for MAC layer. Therefore, supporting/configuring only intra-UE prioritization in PHY but not in MAC could be a valid use case. On the contrary, for a UE perspective, supporting/configuring only intra-UE prioritization in MAC but not in PHY seems not a valid use case. Therefore, we propose that intra-UE prioritization for PHY layer should be the prerequisite UE feature for the intra-UE prioritization for MAC layer and UE should not expect to be configured with MAC layer intra-UE prioritization alone. 

Proposal 1: it is necessary to ask RAN2 how to handle the collision case in MAC layer if MAC layer intra-UE prioritization is not supported or not configured, i.e., LCH-based prioritization is not configured. Form RAN1’s understanding, only one MAC PDU is generated for the collision case.

Proposal 2: 
· UE should not expect to be configured with MAC layer intra-UE prioritization alone
· Intra-UE prioritization for PHY layer should be the prerequisite UE feature for the intra-UE prioritization for MAC layer

When the intra-UE prioritization is supported in both PHY layer and in MAC layer, further discussion is necessary on the handling of the inconsistency between MAC and PHY.
[bookmark: _GoBack]For DG vs. CG, as already mentioned, RAN1 should first clarify which interpretation is the common understanding. From our perspective, we prefer to go with interpretation 2 since it has the least specification impacts and less inconsistency between MAC and PHY, i.e., only when the CG PDU is delivered later than the DG PDU, the inconsistency will happen. For handling of such inconsistency, as RAN2 mentioned, either RAN1 or RAN2 need to change their specification. From RAN1 perspective, based on the discussion history, we already agreed not to support the prioritization based on the implicit way by timing, e.g. the later grant overrides the earlier grant. Since the prioritization in PHY already takes into many factors, such as the UL CI, SFI impacts on the prioritization, PUCCHs carrying UCI with the same and/or different priorities colliding with the PUSCH etc, adding any additional factor will make it much more complex and result in the risk of  specification holes. Given the fact that it is already such late stage of Rel.16 and RAN1 specification for prioritization in PHY layer is almost stable, we propose following two options:
Proposal 3: following two options are suggested from RAN1 to RAN2:
· Option 1: RAN2 changes MAC specification to accommodate current PHY behavior, that is MAC will avoid providing second MAC PDU with the same L1 priority to PHY.
· Option 2: RAN2 does not need to change MAC specification that is MAC can generate the two MAC PDUs with the same L1 priority to PHY, but DG always override CG in PHY. In such case, the CG is dropped in PHY and the corresponding MAC PDU is discarded. 

For CG vs. CG, since RAN1 has not yet discussed, and based on the analysis, it is possible to align with MAC handling if there is consensus in RAN1. Otherwise, the handling of CG-CG collision in PHY can be left to UE implementation in PHY. Therefore, following is proposed:
Proposal 4: for CG vs. CG, RAN1 strive for the solution to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC. If no consensus in RAN1, leave it to UE implementation.
3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our analysis and views on the collision cases handling which may have the inconsistent handling between MAC and PHY. The observations and proposals are summarized as below:
Observations: 
· MAC and PHY handling on DG vs. DG is consistent, since NW shall ensure such collision will not happen. 
· For DG vs. CG and CG vs.CG for Rel.16 UEs,
· Clarification is needed from RAN2 on how to handle the collision case in MAC layer if MAC layer intra-UE prioritization is not supported or not configured, i.e., LCH-based prioritization is not configured.
· RAN1 assumes only one MAC PDU is generated for the collision case, i.e. the same as Rel-15
· Based on above understanding for MAC handling collision case when MAC does not support intra-UE prioritization, 
· For DG vs. CG and CG vs.CG for Rel.16 UEs,
· when the intra-UE prioritization is neither supported in PHY layer nor supported in MAC layer, MAC and PHY handling is consistent
· when the intra-UE prioritization is supported in PHY layer, but not supported in MAC layer, MAC and PHY handling is consistent
· when the intra-UE prioritization is not supported in PHY layer, but supported in MAC layer, MAC and PHY handling is NOT consistent. 
· when the intra-UE prioritization is supported in both PHY layer and in MAC layer, 
· For DG vs. DG, if interpretation 2 is adopted which is based on current spec writing way, 
· if DG is delivered later than CG, MAC and PHY handling is consistent;
· otherwise, MAC and PHY handling is NOT consistent.
· For CG vs. CG, it is possible to align with RAN2’s observation for consistent handling between MAC and PHY, e.g. cancel the earlier CG and the timeline is up to UE implementation.
Proposal 1: it is necessary to ask RAN2 how to handle the collision case in MAC layer if MAC layer intra-UE prioritization is not supported or not configured, i.e., LCH-based prioritization is not configured. Form RAN1’s understanding, only one MAC PDU is generated for the collision case.

Proposal 2: 
· UE should not expect to be configured with MAC layer intra-UE prioritization alone
· Intra-UE prioritization for PHY layer should be the prerequisite UE feature for the intra-UE prioritization for MAC layer
Proposal 3: following two options are suggested from RAN1 to RAN2:
· Option 1: RAN2 changes MAC specification to accommodate current PHY behavior, that is MAC will avoid providing second MAC PDU with the same L1 priority to PHY.
· Option 2: RAN2 does not need to change MAC specification that is MAC can generate the two MAC PDUs with the same L1 priority to PHY, but DG always override CG in PHY. In such case, the CG is dropped in PHY and the corresponding MAC PDU is discarded. 
Proposal 4: for CG vs. CG, RAN1 strive for the solution to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC. If no consensus in RAN1, leave it to UE implementation.
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Appendix
Agreement (RAN1#99 Reno)

Agreements: 
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where
· Tproc,2 is correponding to UE processing time capability for the carrier. 
· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· Note: d_2,1=0 is for cancellation
· The minimum processing time of the high priority channel is extended by d2 symbols
· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability
· The overlapping condition is per repetition of the uplink transmission

When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 
· The UE is not expected to be scheduled to transmit in the non-overlapping canceled symbols

[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563]38.214 section 6.1	UE procedure for transmitting the physical uplink shared channel
[Irrelevant text is omitted]
[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,
-	If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
-	Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where
-	M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-	In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than N symbols after the end of the last symbol of the PDCCH, where
-	N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-	In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-	The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.]
[Irrelevant text is omitted]

