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1. Introduction
A new Rel-17 WI for URLLC enhancement was approved in RAN#88-e with following objectives [1]. 

	· Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering:
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
· Note: DMRS-based CSI feedback is not in scope of this WI
· Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
· Specify support for UE-initiated COT for FBE with minimum specification effort
· Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
· Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
· 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.
· 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
· Enhancements for support of time synchronization:
· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
· Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
· RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]



In this contribution, we discuss and provide our views on intra-UE multiplexing and prioritization of traffic with different priority, in terms of multiplexing UCIs with different priority on PUCCH/PUSCH and handling PHY prioritization of overlapping DG PUSCH and CG PUSCH with different priority.

2. Multiplexing of UCI/PUSCH with different priority
Regarding the multiplexing of UCIs with different priority on a same PUCCH/PUSCH, several aspects need to be taken into account as the followings, in terms of UCI encoding/processing and overall UCI multiplexing procedure. 

· Encoding of different priority UCIs
Firstly, for the encoding of UCIs with different priority (e.g. low priority (LP) or high priority (HP)) on a same PUCCH, it is necessary to consider whether the UCIs are separately encoded or jointly encoded. 
In case when separate coding is applied for the LP UCI and HP UCI, first of all, the HP UCI is required to occupy the REs on the PUCCH resource first (based on the maximum UCI coding rate configured for HP), then the LP UCI could be mapped to the remaining REs not occupied by the HP UCI (based on the maximum UCI coding rate configured for LP). 
In case when joint coding is applied for the LP UCI and HP UCI, on the other hand, the maximum UCI payload size on PUCCH is to be determined by the maximum UCI coding rate configured for HP and the number of REs on the PUCCH resource, then UCI payload on the PUCCH resource is to be generated by at least including the HP UCI.
Similarly, for the encoding of UCIs with different priority on PUSCH, it is also needed to consider whether to apply separate coding or joint coding for the UCIs on the PUSCH (and how to map the separately/jointly-encoded UCI REs on the PUSCH resource), based on the beta offset configured per each of LP and HP. 

Proposal #1: Consider the encoding of UCIs with different priority (e.g. separate coding or joint coding) on a same PUCCH/PUSCH.

· PUCCH resource determination
Secondly, for the determination of PUCCH resource to multiplex/transmit UCIs with different priority, it is necessary to consider how to select or configure the PUCCH resource sets and a single PUCCH resource.
One way is that, a PUCCH resource in a resource set configured for LP and another PUCCH resource in a resource set configured for HP are chosen first, where the two resource sets corresponds to the total payload size by merging LP UCI and HP UCI, and the two PUCCH resources corresponds to the PRI value indicated by DCI. Then, one of the two PUCCH resources is selected based on certain aspect such as configured priority or resource size or symbol timing. 
The other way is to configure additional PUCCH resource set (on top of the PUCCH resource sets configured per each of LP and HP) which is dedicated for the multiplexing/transmission of UCIs with different priority, and then this PUCCH resource set is used only in case when the LP UCI and HP UCI require to be multiplexed on a same PUCCH (otherwise, it is not used).

Proposal #2: Consider the determination of PUCCH resource to multiplex/transmit UCIs with different priority.

· Inter-priority multiplexing condition
Thirdly, considering inter-priority multiplexing of UCIs and different latency requirement for the UCIs, it may need to consider additional condition to check the processing timeline for the inter-priority multiplexing and the latency requirement especially for the HP UCI.
For example, a processing time (symbol) margin may require to be added to the current timeline (for intra-priority multiplexing in Rel-16) considering additional inter-priority multiplexing. For another example, the timing of the last symbol in the PUCCH resource selected to multiplex the LP UCI and HP UCI, may need to be checked whether it is allowable in terms of latency from the perspective of the HP UCI. 

Proposal #3: Consider additional condition for the processing of inter-priority multiplexing and the latency requirement for HP UCI.

· Overall multiplexing procedure
Lastly, regarding the inter-priority multiplexing of UCIs on PUCCH/PUSCH, the overall multiplexing procedures or steps (including the intra-priority multiplexing in Rel-16) is to be taken into account. 
One way could be that, some important LP UCI type such as LP HARQ-ACK is treated as HP UCI, and the intra-priority multiplexing is applied per each of LP UCI and HP UCI as in Rel-16. Then, the multiplexed LP UCI would be dropped if it collided with the multiplexed HP UCI (as in Rel-16), but the LP HARQ-ACK could be multiplexed/transmitted (with HP UCI) without dropping.
Another way could be that, the intra-priority multiplexing defined in Rel-16 is applied per each of LP UCI and HP UCI as the first step, then after that, as the second step, the inter-priority multiplexing is performed for the outcomes of the first step, specifically between the (intra-priority) multiplexed LP UCI and the (intra-priority) multiplexed HP UCI. 
Another way could be that, the (intra-priority and) inter-priority UCI multiplexing is performed only for the PUCCHs (except for the PUSCHs) as the first step, then after that, the piggybacking of the (inter-priority) multiplexed UCI on PUSCH is done as the second step.

Proposal #4: Consider the overall multiplexing procedures/steps for the inter-priority multiplexing of UCIs on PUCCH/PUSCH

3. Prioritization of DG/CG PUSCHs with different priority
In order to reduce uplink latency, configured grant (CG) could be proper solution. If service traffic is sporadic and non-deterministic, a gNB may configure multiple CG PUSCHs for latency and with sufficient resource for reliability. In this case, CG PUSCHs may occupies considerable amount of resources and may partially overlap each other. However, most of resources wouldn’t be used since the target traffic is sporadic.
The gNB would like to schedule DG PUSCH over CG PUSCHs to opportunistically utilize the resources which are expected to be unused by the UE. However, if multiple CG PUSCHs are overlap continuously, it is hard to satisfy Rel-15 timeline condition. Thus, it would be beneficial to support enhanced CG vs. DG handling such as Rel-16 timeline condition.

Proposal #5: Consider PHY prioritization of DG and CG based on Rel-16 timeline condition in order to schedule low priority DG PUSCH over CG PUSCH resources previously configured for high priority. 

As described in the WID, we can take Rel-16 timeline as a baseline. In Rel-16, the cancelation timeline was made with following aspects. 
· Required time gap between high priority (HP) channel indication and starting symbol of the HP channel if the HP channel overlaps with low priority (LP) channel
· Additional offset to the required time gap 
· Additional offset to PUSCH preparation time 

· Separated timeline offset for PUSCH collision
From the discussion in Rel-16, there was a concern to adopt same Rel-16 timeline to PUSCH collision handling. PUSCH processing is actually done by both MAC and PHY since MAC determines which data is transmitted. Meanwhile, PUCCH processing can be done by only PHY layer. If UE is required to cancel a PUSCH on a resource and to transmit another PUSCH on the same resource, it wouldn’t be equivalent to collision with PUCCH at least in the perspective of pipeline exchange between two UL channels. To alleviate this issue in Rel-16 timeline framework, it can be considered to introduce sufficient timeline and offset especially for PUSCH collision case.

Proposal #6: Consider to introduce new timeline or offset in case of PUSCH collision handling with different priority. 

· Potential issue with inter-priority UL multiplexing 
As an objective for Rel-17 URLLC WI, it would be discussed how to support intra-UE multiplexing and the prioritization of traffic with different priority as another objective. The main goal of the objective could be to save low priority PUCCH from inter-priority cancelation. Meanwhile, if PUSCH is able to be cancelled, UCI multiplexed on the PUSCH would also be dropped. To make outcomes of both objectives work together, we should consider intra-UE multiplexing case even for the case of PUSCH collision handling. For examples, we should consider sufficient cancelation timeline for low priority PUSCH having UCI or how to preserve/recover the (dropped) UCI on low priority.

Proposal #7: Consider enhanced collision handling between HP PUSCH and LP PUSCH with UCI piggybacking.

4. Conclusions
In this contribution, intra-UE multiplexing and prioritization of traffic with different priority were discussed, and the followings are proposed.

Proposal #1: Consider the encoding of UCIs with different priority (e.g. separate coding or joint coding) on a same PUCCH/PUSCH.
Proposal #2: Consider the determination of PUCCH resource to multiplex/transmit UCIs with different priority.
Proposal #3: Consider additional condition for the processing of inter-priority multiplexing and the latency requirement for HP UCI.
Proposal #4: Consider the overall multiplexing procedures/steps for the inter-priority multiplexing of UCIs on PUCCH/PUSCH
Proposal #5: Consider PHY prioritization of DG and CG based on Rel-16 timeline condition in order to schedule low priority DG PUSCH over CG PUSCH resources previously configured for high priority. 
Proposal #6: Consider to introduce new timeline or offset in case of PUSCH collision handling with different priority. 
Proposal #7: Consider enhanced collision handling between HP PUSCH and LP PUSCH with UCI piggybacking.
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