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1. Introduction
In RAN1#103 e-meeting [1], we have conclusions as follows.
	Agreement
Send an LS to RAN2 to convey the following:

· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG and there is no collision between PUCCH and the DG , the behavior mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behavior. 

LS is endorsed in R1-2009680.


In RAN1#102 e-meeting [2], we have conclusion as follows.
	Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.


In RAN1#101 e-meeting [3], we have conclusion as follows.
	Conclusion

In Rel.15, for a DG PUSCH scheduled by a DCI overriding a CG PUSCH configured with repetition factor K>1,

· If the HARQ process is the same between the DG and the CG, DG overrides all remaining repetition occasions after the end of PDCCH reception, under the timeline specified in TS 38.214 section 6.1.

· Otherwise, DG overrides only the CG repetition overlapped with DG, under the timeline specified in TS 38.214 section 6.1.

Conclusion

There is no consensus in RAN1 for the support of the following
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer
No further discussion for Rel-16.

Agreement
Send an LS to RAN2 to indicate that RAN1 was not able to reach consensus to support the following cases:
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer
For further discussion on other details to add to LS: Such as how RAN2 should consider this aspect in their work
Conclusion 

For the collision between DG PUSCH and CG PUSCH with same PHY priority, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if Rel-15 timeline satisfies. 

Note: it is related to other discussion how UE prioritized and transmit one of grants.

Agreement

RAN2 changes MAC specification to accommodate current PHY behavior. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 

· Send an LS to RAN2 to inform them of this agreement 


This contribution discusses about the PHY layer behavior on PUSCHs overlapping with UCI piggyback.
2. Discussion
2.1 PUSCHs overlapping with UCI piggyback
Based on the discussion in the last meeting [4], PHY layer behavior on 3 cases as shown in Figure 1a, Figure 1b and Figure 1c need be discussed.
For case 1 as shown Figure 1a, the following two rules can be used:

1. UCI multiplexing rule with the same priority is based on the below RAN1 agreement [2], so as to ensure UCI piggyback on PUSCH.
	In RAN1#102 e-meeting
Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.


2. Rel-16 LCH based prioritization and PHY prioritization for CG and DG with different PHY priorities, so as to ensure transmission opportunity for high priority traffic. 
The execution order of these two rules will affect the final transmission result on case 1. 
If multiplexing rule with the same priority is performed firstly, MAC needs to deliver PDU to LP DG, which leads to blocking of PDU of HP CG since it is not allowed to deliver two PDUs to PHY in such case. This is not preferred due to the impact on traffic of higher priority.
If Rel-16 LCH based prioritization and PHY prioritization between LP DG and HP CG is performed firstly, when CG has data with high priority of MAC LCH, MAC will deliver PDU to HP CG and LP UCI will be dropped since there is no PDU for LP DG and UE could not go back to prepare UCI on PUCCH when the latest time for PDU delivering of LP DG (t2) is latter than the time point for deciding UCI piggyback on PUSCH (t3) as shown in Figure 1a.  

The only opportunity for LP UCI multiplexing on LP DG PUSCH is when there is no data for HP CG (UL skipping), in which case MAC could deliver PDU for LP DG. In case there is data for HP CG, the scheduled LP DG PUSCH will be never transmitted. In addition, by considering case 2 as shown in Figure 1b, UE will never transmit the LP DG since MAC should always deliver a PDU for CG even when there is no data for CG transmission due to HP UCI piggyback on HP CG PUSCH, which means it is not an appropriate scheduling of DG PUSCH.  All in all, to solve the above issues of LP UCI dropping and HP blocking, considering both case 1 and case 2 together, it is better to avoid scheduling a LP DG PUSCH overlapping with both an earlier LP PUCCH and a later HP CG, since without such LP DG PUSCH, both LP PUCCH and HP CG PUSCH (with or without HP UCI piggyback) could be transmitted in TDM manner. Hence, we give the following proposal.
Proposal 1: gNB should avoid scheduling LP DG PUSCH overlapping with both LP PUCCH and HP CG PUSCH when scheduled LP DG PUSCH transmission is earlier than HP CG PUSCH transmission and LP PUCCH doesn’t overlap with HP CG PUSCH.
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Figure 1a: Intra-UE prioritization scenario with overlapping PUCCH (Case1)
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Figure 1b: Intra-UE prioritization scenario with overlapping PUCCH (Case2)

For case 3 as shown Figure 1c, if there is no data for HP CG, MAC could deliver PDU for DG (even when DG skipping is configured and there is no data for DG) so as to ensure that LP UCI can be multiplexed on LP DG. By following the similar analysis as for case 1 and case 2, when there is data for HP CG, the proper way is that MAC delivers PDU for HP CG. In such case, one assumption is that LP UCI can be transmitted on PUCCH because UE already knows there is no PDU for LP DG before deciding UCI piggyback on PUSCH. This needs new UE behavior to support UCI on LP PUCCH when LP PUCCH overlaps with LP DG without PDU. The other assumption is that UE always operates LP UCI piggyback on LP DG without considering whether there is PDU or not for DG PUSCH, which means LP UCI may be dropped together with LP DG due to no PDU for DG when MAC delivers PDU for CG.
Based on the above analysis, case 3 is a valid scenario for gNB to schedule such LP DG since there is opportunity for LP DG transmission when there is no data for HP CG without impact on LP UCI transmission. In order to avoid LP UCI dropping, we give the following proposal.
Proposal 2: When HP CG PUSCH transmission is earlier than scheduled LP DG PUSCH transmission and LP PUCCH doesn’t overlap with HP CG PUSCH, LP UCI is transmitted on the LP PUCCH if MAC delivers PDU to HP CG PUSCH and LP UCI is multiplexed in LP DG PUSCH if MAC delivers PDU to LP DG PUSCH.
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Figure 1c: Intra-UE prioritization scenario with overlapping PUCCH (Case3)
2.2 HP CG blocking issue

As shown in Figure 2, when LP DG overlapping with HP CG in the same serving cell, even when satisfying the overriding time, HP data may be blocked by LP DG due to later data arriving (t2 is later than t1) since only one PDU is expected from MAC for overlapping PUSCHs. Similar issues for LP CG overlapping with HP DG when UL skipping is configured for DG.

To solve this issue, we propose to have a restriction of the starting point of LP PUSCH so as to ensure the latest time for PDU delivering for HP PUSCH is no later than the latest time for PDU delivering for LP PUSCH assuming there is little difference between T2 for HP PUSCH and T2 for LP PUSCH in the same serving cell.
Proposal 3: For overlapping between DG PUSCH and CG PUSCH with different priorities, the first symbol of LP PUSCH should be no earlier than the first symbol of HP PUSCH.
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Figure 2: LP DG-HP CG with earlier starting point of LP DG
3. Conclusions
In this contribution, we discussed remaining issues on PUSCHs overlapping with UCI piggyback for NR Rel-16 URLLC. Our proposals are as follows:
Proposal 1: gNB should avoid scheduling LP DG PUSCH overlapping with both LP PUCCH and HP CG PUSCH when scheduled LP DG PUSCH transmission is earlier than HP CG PUSCH transmission and LP PUCCH doesn’t overlap with HP CG PUSCH.
Proposal 2: When HP CG PUSCH transmission is earlier than scheduled LP DG PUSCH transmission and LP PUCCH doesn’t overlap with HP CG PUSCH, LP UCI is transmitted on the LP PUCCH if MAC delivers PDU to HP CG PUSCH and LP UCI is multiplexed in LP DG PUSCH if MAC delivers PDU to LP DG PUSCH.
Proposal 3: For overlapping between DG PUSCH and CG PUSCH with different priorities, the first symbol of LP PUSCH should be no earlier than the first symbol of HP PUSCH.
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