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1. Introduction
[bookmark: _GoBack]Following objectives are described for Rel-17 intra-UE multiplexing/prioritization in [1].
	3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 


In this contribution, we share our views on enhancements for Rel-17 intra-UE multiplexing/prioritization.

2. Discussions
2.1. Collision between DG and CG PUSCH with different priorities
In RAN1#101-e, following conclusion was made and thus collision between DG and CG PUSCH with different priorities is not supported in Rel-16:
	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.



However, it is beneficial to support the collision case including 1) high priority DG cancels the transmission of low priority CG, and 2) high priority CG cancels the transmission of low priority DG. For the 1st case, it is natural that high priority DG can cancel the transmission of low priority CG since in Rel-15, DG can override CG transmission. Regarding the 2nd case, it is useful that CG configured with short periodicity with high priority can cancel the transmission of low priority DG in order to reduce the transmission delay for URLLC traffic.
As a result of the discussions in [101-e-NR-L1enh-URLLC-eCG-01] at RAN1#101-e, Proposal 3 and 2 are made for the 1st case and the 2nd case, respectively.
	Proposal 2: 
· For collision handling between high priority CG and low priority DG, down-select following options.
· Option 1: define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If UE supports the capability, PHY layer can make the prioritization so that 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, MAC layer should make the prioritization so that only one MAC PDU is delivered to PHY layer.
· Option 2: re-use Rel.15 timeline, MAC layer should make the prioritization so that only one MAC PDU (e.g. the one with higher priority) is delivered to PHY layer. 
· Option 3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant. 
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.
· PHY does not expect MAC to generate a PDU for a later, lower-priority, CG PUSCH, which overlaps with an earlier, higher-priority, DG PUSCH.
Proposal 3: 
· For collision handling between high priority DG and low priority CG, down-select following options:
· Option 1: Define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If a UE supports the capability, the UE is expected to cancel the overlapping low priority CG by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG.
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol 𝑗, if the end of symbol 𝑖 for PDCCH scheduling the PUSCH is at least 𝑁2 symbols before the beginning of symbol 𝑗. 
· Option 2: Rel.15 timeline is reused to support cancellation of the low priority CG PUSCH.
· A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a high priority DG PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a CG PUSCH with low priority, starting in a symbol j on the same serving cell if the end of symbol i is not at least N2 symbols before the beginning of symbol j. 
· Option 3: PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.



In the following, we share our views for the two cases separately.

1st case: high priority DG cancels the transmission of low priority CG
In order to down-select the options in Proposal 3, the following four cases in Fig. 1 can be considered for the high priority DG (H-DG) vs. low priority CG (L-CG) case.
· Case A: L-CG meets the Rel-15 overriding timeline and H-DG meets the UE processing timeline. The first symbol of L-CG is earlier than or same as the first symbol of H-DG
· Case B: L-CG meets the Rel-15 overriding timeline and H-DG meets the UE processing timeline. The first symbol of H-DG is earlier than or same as the first symbol of L-CG
· Case C: L-CG does not meet the Rel-15 overriding timeline and H-DG meets the UE processing timeline. The first symbol of L-CG is earlier than the first symbol of H-CG
· Case D: H-DG does not meet the UE processing timeline
Firstly, Case D is an error case regardless of whether the first symbol of L-CG is earlier than that of H-DG because it does not meet the UE processing timeline for PUSCH scheduled by PDCCH. Option 1 enables UE to support partial CG PUSCH cancellation if the UE capability is reported in Case A/B/C. Otherwise, UE cancels entire CG PUSCH in Case A/B. In Rel-16, the partial cancellation is already supported for other UL collision case with different priorities such as HARQ-ACK on PUCCH with high priority vs. PUSCH with low priority case by the following description in TS38.213 [2]:
	Then, if the UE determines to transmit
-	a first PUCCH of larger priority index scheduled by a first DCI format in a first PDCCH reception, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE cancels the transmission of the PUSCH or the second PUCCH before the first symbol overlapping with the first PUCCH transmission. The UE expects that the transmission of the first PUCCH does not start before  after a last symbol of the first PDCCH reception


It should be emphasize that it does not rely on UE capabilities. Thus, we don’t see the need of the new UE capability of Option1. Option 2 imposes restriction on the partial L-CG cancellation, which degrades the performance of low priority transmission like eMBB traffic. Besides, Option 2 does not support the cancellation of L-CG in Case C as the Rel-15 overriding timeline is not met. On the other hand, Option 3 is consistent with the already captured Rel-16 behavior for other UL channel collisions, and it is possible to partially cancel L-CG in Case A/B/C, which leads to better scheduling flexibility and performance of eMBB traffic. Therefore, we prefer Option 3. Note that the brackets in the Option 3 should be removed as it is adopted in the latest spec without the brackets.

[image: ]
Fig. 1 collision between low priority CG PUSCH vs. high priority DG PUSCH.
Proposal 1:
· Down-select Option 3 for high priority DG vs. low priority CG collision case.
· Option3: PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.

2nd case: high priority CG cancels the transmission of low priority DG
Similar to the 1st case above, the following four cases in Fig. 2 can be considered for the high priority CG (H-CG) vs. low priority DG (L-DG) case in order to down-select the options in Proposal 2,.
· Case A: H-CG meets the Rel-15 overriding timeline and L-DG meets the UE processing timeline. The first symbol of H-CG is earlier than or same as the first symbol of L-DG
· Case B: H-CG meets the Rel-15 overriding timeline and L-DG meets the UE processing timeline. The first symbol of L-DG is earlier than or same as the first symbol of H-CG
· Case C: H-CG does not meet the Rel-15 overriding timeline and L-DG meets the UE processing timeline. The first symbol of H-CG is earlier than the first symbol of L-CG
· Case D: L-DG does not meet the UE processing timeline
Firstly, Case D is an error case regardless of whether the first symbol of H-CG is earlier than that of L-DG because it does not meet the UE processing timeline for PUSCH scheduled by PDCCH. There would be no collisions between H-CG and L-DG. Option 1 enables UE to support partial L-DG cancellation if the UE capability is reported in Case A/B/C. Otherwise, it enforces MAC layer to deliver only one MAC PDU to PHY layer. However, the MAC timeline is not specified and it is not clear when MAC PDU is delivered to PHY layer. Option 2 imposes restriction on the partial L-DG cancellation, which degrades the performance of low priority transmission. Besides, Option 2 does not support the cancellation of D-CG in Case C as the Rel-15 overriding timeline is not met. On the other hand, Option 3 is possible to partially cancel L-CG in Case A/B/C, which leads to better scheduling flexibility and performance of eMBB traffic. Therefore, we prefer Option 3 for this case.
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Fig.2 collision between high priority CG PUSCH vs. low priority DG PUSCH.

Proposal 2:
· Down-select Option 3 for low priority DG vs. high priority CG collision case.
· Option3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.

2.2. Multiplexing behavior among PUCCH and PUSCH with different priorities
In Rel-16, intra-UE UL multiplexing/prioritization with different priorities was introduced in order to improve the URLLC traffic performance. With the Rel-16 intra-UE UL multiplexing/prioritization, UE drops low priority UL channel/signal and transmits high priority UL channel/signal in case they are overlapping in time domain, i.e. at least one symbol overlapping. This will degrade the eMBB traffic performance, while the URLLC performance is improved. One possible way to alleviate the eMBB performance degradation due to the intra-UE UL multiplexing/prioritization is to multiplex the high priority channel and low priority channel rather than to drop the low priority channel. Therefore, we share our view for multiplexing UE behavior among UL channels with different priorities in the following. As described in the work item description [1], multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH with different priorities should be considered, including the cases with UCI on PUCCH and UCI on PUSCH. It would be the best that all the collision cases is fully covered in the Rel-17 enhancement but considering limited time it might be better first make prioritization for the cases to resolve. In this sense, we think the case of eMBB HARQ-ACK vs. URLLC HARQ-ACK should be treated first since dropping HARQ-ACK impacts on the re-transmission delay and reliability. 

Proposal 3:
· Make prioritization for UL channel collision cases to resolve in Rel-17.
· eMBB HARQ-ACK vs. URLLC HARQ-ACK collision case should be prioritized to treat first in order to alleviate the eMBB re-transmission latency and reliability.

Focusing on the case of eMBB HARQ-ACK vs. URLLC HARQ-ACK. For multiplexing eMBB HARQ-ACK vs. URLLC HARQ-ACK, at least the following should be discussed:
· Multiplexed eMBB UCI bits: how many eMBB UCI bits can be multiplexed on URLLC HARQ-ACK?
· PUCCH resource set and PUCCH resource selection: on which PUCCH resource set/resource the multiplexed eMBB and URLLC UCI bits is transmitted? PUCCH resource set/resource is for URLLC, PUCCH resource set/resource for MBB, or PUCCH resource set/resource is reselected depending on the total bit size?
· Activation of the multiplexing behavior: how to activate the multiplexing behavior of eMBB HARQ-ACK and URLLC HARQ-ACK? By RRC configuration, DCI, or always supported?

2.3. Simultaneous PUCCH and PUSCH on different carriers
As described above, it was introduced in Rel-16 to prioritize UL channels with different priorities. With the Rel-16 UL channel prioritization, UE drops low priority UL channel/signal and transmits high priority UL channel/signal. The prioritization procedure is applied for each cell group or PUCCH group if PUCCH-SCell is configured with UE. Here let us assume that there are two carries in a cell group, e.g. CC #0 of FR1 and CC #1 of FR2, and a low priority PUCCH is scheduled on the carrier #0 and a high priority PUSCH is scheduled on the carrier #1 overlapping with the PUCCH in time domain. In this case, the low priority PUCCH on carrier #0 is dropped, and the high priority PUSCH on carrier #1 is transmitted. However, if the UE has two separate RF components for different FRs, it leads to the degradation of spectrum efficiency as the UE actually is capable to transmit both channels at the same time. Thus, it would be beneficial to allow UE to simultaneously transmit channels on different RF if UE is capable of it.
[image: ]
Fig.2 collision between high priority CG PUSCH vs. low priority DG PUSCH.

Proposal 4:
Support simultaneous UL channel transmission with same/different priorities on different carriers of which RF components are different.

3. Conclusion
In this contribution, we proposed followings for intra-UE UL multiplexing/prioritization enhancements.
Proposal 1:
· Down-select Option 3 for high priority DG vs. low priority CG collision case.
· Option3: PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high pri-ority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.
Proposal 2:
· Down-select Option 3 for low priority DG vs. high priority CG collision case.
· Option3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
Proposal 3:
· Make prioritization for UL channel collision cases to resolve in Rel-17.
· eMBB HARQ-ACK vs. URLLC HARQ-ACK collision case should be prioritized to treat first in order to alleviate the eMBB re-transmission latency and reliability.
Proposal 4:
· Support simultaneous UL channel transmission with same/different priorities on different carriers of which RF are different.
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