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1	Introduction
In RAN#86, the work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. Further, the WID was revised in RAN#88e, where the updated WID [2] includes the following objective: 
Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
1. Specify multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
2. 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 behaviour for the PUSCH of lower PHY priority, taking the solution developed during Rel.16 as the baseline 

In this contribution, we discuss these topics.
[bookmark: _Ref178064866]2	Discussion
In Rel. 16, when UL transmissions of different priorities overlap this is resolved by dropping lower priority transmissions. This allows for prioritization of URLLC traffic and associated HARQ feedback but is inefficient in case there is also eMBB traffic. In particular, when a NACK for DL eMBB data is dropped due to prioritization, retransmissions need to be handled by RLC which increases latency and lowers spectral efficiency due to the lack of soft combining. 
[bookmark: _Toc47722778]Dropping of eMBB HARQ feedback due to prioritization leads to increased latency and poor spectral efficiency for eMBB traffic.
In our view, this is the main reason for enhancing intra UE prioritization in Rel. 17.
2.1	Multiplexing UCI/PUSCH with different priorities
In principle, multiplexing of UCI of different priorities can also be used to guarantee that eMBB HARQ feedback is received. However, due to the sub-slot structure introduced in Rel. 16 it is not clear how to allow multiplexing while still ensuring that no URLLC HARQ feedback is lost. In particular, we foresee the following problems:
For multiplexing procedures among PUCCH resources with different priorities, we assume that the sub-slot with the minimum duration is used to resolve overlapping on PUCCHs starting within a sub-slot.
If a high priority PUCCH is transmitted on sub-slot level and low priority PUCCH is transmitted on slot-level, a multiplexing decision needs to be made in the UE in the first sub-slot where the high priority UCI is present. If this multiplexing decision results in a PUCCH transmission on slot-level that covers many sub-slots there might be collisions between this PUCCH transmission and later PUCCH transmissions on sub-slot level containing URLLC HARQ feedback. If the DCI corresponding to the later PUCCH transmission with URLLC HARQ feedback is received without providing sufficient time for multiplexing, these collisions are resolved via dropping, then URLLC HARQ feedback is lost. 

[bookmark: _Toc47722779]Multiplexing sub-level HARQ feedback into a slot-level PUCCH might lead to dropping of URLLC HARQ feedback in later sub-slots.
If a low priority PUCCH covers more than one sub-slot, there might be collisions between this PUCCH transmission and later PUCCH transmissions on sub-slot level containing URLLC HARQ feedback. It is not clear how to resolve collision by multiplexing if the earlier PUCCH is already transmitted or the timeline for preparing the earlier PUCCH is passed. 
These issues stem from the fact that the key element in collision resolution between PUCCH/PUSCH resources with different priorities and sub-slot/slot association is the multiplexing timeline that is checked in various steps of the procedure. The reference for the timeline is the first symbol of a resource in an overlapping PUCCH/PUSCH group (S0 in Clause 9.2.5 of TS 38.213). The UE is not expected to multiplex if it receives a DCI causing collision without fulfilling the multiplexing timeline. If sub-slot is configured, effectively S0 could be postponed in the slot which increases the time window for the later DCI causing collision while fulfilling the multiplexing timeline. However, if a low priority PUCCH covers more than one sub-slot and overlaps later in the slot with a high priority PUCCH or PUSCH, the low priority resource determines S0. Therefore, latency reduction benefits would disappear due to inability to postpone S0 in-spite of sub-slot configuration and consequently, the multiplexing timeline by sub-slot. An example is shown in Figure 1.
[image: ]
[bookmark: _Ref47721420]Figure 1: Illustration of how the location of reference point (S0) for multiplexing timeline is affected depending on whether the overlapping resources are within in a slot at the presence of sub-slot configuration

[bookmark: _Toc47722780]The multiplexing timeline can be improved by sub-slot configuration if the overlapping PUCCH/PUSCH resources are confined within a sub-slot.

When multiplexing high priority UCI on low priority PUSCH we note the same problem with slot-level PUSCH and sub-slot level high priority UCI. If a multiplexing decision is made for HARQ feedback in one sub-slot and later sub-slots also contain HARQ feedback that was not available at the time when the multiplexing decision was made it is important to ensure that the URLLC HARQ feedback is not lost. Moreover, as explained previously, the latency reduction benefits would disappear for collision scenario since the multiplexing timeline is not improved by sub-slot. 
[bookmark: _Toc47722781]Any multiplexing rules involving low priority PUSCH and high priority HARQ feedback needs to ensure that the high priority feedback is not lost or delayed.

Additionally, if the sub-slot level URLLC HARQ feedback comes from a dynamically scheduled PUCCH, the Rel. 15 multiplexing rules allows the choice of a PUCCH resource that is confined within a sub-slot that will contain the multiplexed HARQ feedback. The reason is that the PUCCH resources configured for URLLC HARQ feedback would be used to carry a UCI including URLLC HARQ feedback. However, if the URLLC HARQ feedback comes from DL SPS and there is overlapping with PUCCH with, the URLLC HARQ feedback would be multiplex on the CSI PUCCH resource. Hence it is not possible to choose an appropriate PUCCH resource without introducing new rules in the Rel. 15 or 16 multiplexing procedures. 
[bookmark: _Toc47722782]Current multiplexing rules can not guarantee that URLLC HARQ feedback will be contained within a sub-slot.

To avoid such a redesign, we prefer to allow multiplexing of UCI of different priorities only if all involved PUCCHs are contained within a sub-slot. This guarantees that the resulting PUCCH does not overlap with other PUCCHs in later sub-slots which can lead to dropping of URLLC UCI.
[bookmark: _Toc47722783]Allow multiplexing of UCI of different priorities only if all involved PUCCHs are contained within the same sub-slot.

For PUCCHs that are not contained within a sub-slot we propose to reuse the Rel. 16 dropping rules to ensure that URLLC HARQ feedback is not dropped.
[bookmark: _Toc47722784]When a PUCCH covers several sub-slots and overlaps with sub-slot level PUCCH, drop low priority UCI as in Rel. 16.
2.2	(Re)transmission of deprioritized HARQ-ACK CB due to collision
Based on the above discussion, our understanding is that the multiplexing procedure to be specified in Rel.17, would provide a limited functionality. Therefore, it is of vital importance the Rel.17 supports solutions that    guarantee reception of the eMBB HARQ-ACK in case of collision with URLLC. 
[bookmark: _Toc47722785]Ensure (re-)transmission of low priority HARQ-ACK feedback in case of collision with high priority UL transmissions is supported irrespective of sub-slot configuration. 

In our view, de-prioritization of eMBB HARQ ACK due to collision with URLLC traffic is similar to transmission fail in unlicensed spectrum due to LBT failure, where HARQ feedback can be lost. In Rel. 16, few features were developed to enable (re-)transmission of the dropped HARQ-ACK feedback due to LBT failure. 
Type-3 HARQ codebook (or One-shot HARQ feedback) was developed to allow the gNB to request HARQ feedback for all HARQ processes. Enhanced Type-2 HARQ-ACK codebook was designed to request a dropped dynamic HARQ-ACK codebook. The non-numerical K1 was introduced to postpone HARQ-ACK feedback in case of uncertainty for channel availability for PUCCH transmission.
All these features are already specified in Rel.16 that can provide the needed functionalities for (re-)transmission of low priority HARQ-ACK feedback in case of collision with minimum specification efforts. 
In case of reusing one-shot HARQ, when a DCI triggers one-shot HARQ-ACK feedback, the codebook includes HARQ-ACK corresponding to all HARQ processes and hence the codebook can include HARQ-ACK feedback for both priorities. It is reasonable to assume that one-shot HARQ-ACK codebook is high priority and one-shot triggering is extended to DCI format 2_1. If there is an already eMBB transmission scheduled, the URLLC traffic that would cause collision, can be scheduled with a DCI triggering one-shot. The PUCCH with one-shot feedback cancels eMBB PUCCH but by default includes all the eMBB HARQ-ACK feedback without the need of executing complicated overlapping procedures and timeline checks. Alternatively, if the URLLC traffic is not scheduled with one-shot trigger, the gNB can transmit one-shot trigger to request all the feedback including the dropped eMBB HARQ-ACK feedback. One can consider overhead reduction for one-shot if necessary, since collision happens sporadically.
In case of reusing the UE behaviour associated with NNK1 feature, when an eMBB HARQ-ACK is dropped, the UE assumes that it would be transmitted in the next PUCCH transmission assuming the same UE behaviour as if the dropped codebook had been a codebook associated with NNK1.
In case of reusing the principles developed for enhanced Type-2 codebook, the enhanced Type-2 codebook supports requesting of a previous Type-2 codebook for the same or other PDSCH group. By associating the PDSCH groups to two priorities, when an eMBB HARQ-ACK is dropped it can be requested to be transmitted with a later PUCCH.
Therefore, we propose the following;
[bookmark: _Toc47722786]Consider at least the following solutions with potential enhancement for enabling (re-)transmission of low priority HARQ-ACK feedback in case of collision
a. [bookmark: _Toc47722787]Reusing One-shot HARQ-ACK request with potential enhancements to reduce size of HARQ-ACK codebook
b. [bookmark: _Toc47722788]Reusing UE behaviour for NNK1 by assuming NNK1 for a dropped eMBB HARQ-ACK codebook after cancellation
c. [bookmark: _Toc47722789]Reusing principles for enhanced Type-2 HARQ-ACK codebook to retransmit dropped eMBB HARQ-ACK codebook in next PUCCH
2.3 	Prioritizing DG/CG-PUSCH with different priorities
In our view, the prioritization rule between DG-PUSCH and CG-PUSCH of different PHY priorities, as agreed in Rel-16 should be used to support DG/CG-PUSCH prioritization with different priorities. Therefore, we propose to adopt the following feature lead proposal in Rel-16 to support the corresponding procedures in Rel-17.
[bookmark: _Toc47722790]For collision handling between high priority CG and low priority DG: 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.
[bookmark: _Toc47722791]For collision handling between high priority DG and low priority CG: 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+d1after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.

The following text was removed from 38.214 V16.1.0 Section 6.1 [3] which can be introduced in Rel.17 with minor potential improvements.

	[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.]



[bookmark: _Toc47722792]Reintroduce the text above to Subclause 6.1 of TS 38.214.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Dropping of eMBB HARQ feedback due to prioritization leads to increased latency and poor spectral efficiency for eMBB traffic.
Observation 2	Multiplexing sub-level HARQ feedback into a slot-level PUCCH might lead to dropping of URLLC HARQ feedback in later sub-slots.
Observation 3	The multiplexing timeline can be improved by sub-slot configuration if the overlapping PUCCH/PUSCH resources are confined within a sub-slot.
Observation 4	Any multiplexing rules involving low priority PUSCH and high priority HARQ feedback needs to ensure that the high priority feedback is not lost or delayed.
Observation 5	Current multiplexing rules can not guarantee that URLLC HARQ feedback will be contained within a sub-slot.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	Allow multiplexing of UCI of different priorities only if all involved PUCCHs are contained within the same sub-slot.
Proposal 2	When a PUCCH covers several sub-slots and overlaps with sub-slot level PUCCH, drop low priority UCI as in Rel. 16.
Proposal 3	Ensure (re-)transmission of low priority HARQ-ACK feedback in case of collision with high priority UL transmissions is supported irrespective of sub-slot configuration.
Proposal 4	Consider at least the following solutions with potential enhancement for enabling (re-)transmission of low priority HARQ-ACK feedback in case of collision
a.	Reusing One-shot HARQ-ACK request with potential enhancements to reduce size of HARQ-ACK codebook
b.	Reusing UE behavior for NNK1 by assuming NNK1 for a dropped eMBB HARQ-ACK codebook after cancellation
c.	Reusing principles for enhanced Type-2 HARQ-ACK codebook to retransmit dropped eMBB HARQ-ACK codebook in next PUCCH
Proposal 5	For collision handling between high priority CG and low priority DG: 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 6	For collision handling between high priority DG and low priority CG: 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+d1after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.
Proposal 7	Reintroduce the text above to Subclause 6.1 of TS 38.214.
[bookmark: _In-sequence_SDU_delivery]
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