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1. Introduction
At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2]. There are five objectives for the approved work item:

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 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


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 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 

Under Objective 3, intra-UE multiplexing and priority of traffic with different priorities are to be specified/enhanced. 

In this contribution we provide our initial views on objective 3. 
2. Discussion on UCI and PUSCH multiplexing of different priorities

UCI and PUSCH multiplexing of different priorities was discussed in Rel-16 and moved out of the scope of Rel-16 URLLC/IIoT by the decision from RAN #8x. 

In Rel-16 the priorities of UCI and PUSCH can be found in the table below:
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Figure 1 Supported priority association for UCI/PUSCH

Then considering all possible multiplexing combinations between a high priority channel and a low priority channel, we have Table 2:
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Figure 2 Potential combinations for UCI/PUSCH in Rel-17

In total, 80 combinations are shown in Table 2. For four of them, marked in red,  multiplexing behavior is not expected to be supported. Even with that, 76 combinations remain. Specifying multiplexing behaviors for all them is not practical; hence we should prioritize multiplexing features which are most likely to improve system performance and user experience; beyond those features, other combinations are discussed only when time is available. 

On the system side, to operate both eMBB and URLLC traffics on the same carrier may be desirable; e.g. spectrum can be scarce at certain bands. Also on the UE side, often it can be found   traffic  with different latency, throughput, reliability requirements on the same direction are generated. Also there can be URLLC traffic on both directions for some applications. Hence we  see supporting the following combinations as potentially useful enhancements in Rel-17:
· eMBB HARQ/SR + URLLC PUSCH
· eMBB HARQ/SR + URLLC (HARQ/SR) 
· URLLC HARQ/SR + eMBB PUSCH

In Rel-16, two HARQ codebooks for DL PDSCHs at different priorities are introduced. The HP (High Priority) HARQ codebook can be configured to Type 1 or Type 2, and the LP (Low Priority) HARQ codebook can be independently configured to Type 1 or Type 2. 

And for each codebook, harq-ACK-SpatialBundlingPUSCH and/or harq-ACK-SpatialBundlingPUCCH  can be separately configured. 

In one case, the HP HARQ codebook is configured with the Type 2 HARQ codebook with harq-ACK-SpatialBundlingPUSCH and harq-ACK-SpatialBundlingPUCCH  both configured; the LP HARQ codebook is configured with the Type 1 HARQ codebook with neither  harq-ACK-SpatialBundlingPUSCH nor harq-ACK-SpatialBundlingPUCCH  configured. Hence there can be a huge difference in the payload size between two codebooks. When the LP HARQ codebook is multiplexed with the HP HARQ codebook,    the combined payload may be too big (e.g. large than a threshold) and the URLLC performance may be affected. In this case, compaction of the LP HARQ codebook is necessary.

In the following, we consider a number of ways to reduce the LP HARQ codebook size when the combined payload size from HP codebook and LP HARQ codebook and potentially SR(s) exceeding the maximum UCI payload of the HP PUCCH/PUSCH (e.g. for PUCCH, there can be multiple candidate PUCCH resources/PUCCH resource sets, even the largest payload from them may not be sufficient; or the combined payload would lead to the coding rate of UCI or specifically the coding rate for HARQ feedback including HP and LP HARQ codebooks to be above a threshold configured by the gNB) :
· for the LP HARQ codebook at Type 2, we can consider two mechanisms and their combination: 
· Use Spatialbundling to generate the LP HARQ codebook so to reduce the LP HARQ codebook size, irrespective of the RRC configuration concerning harq-ACK-SpatialBundlingPUSCH and/or harq-ACK-SpatialBundlingPUCCH;
· If the LP HARQ codebook is configured to Type 2 with some CCs with CBG based HARQ feedback:
· Alt. 1:  then all the CBG based feedback are converted to TB based feedback. Even in this case, as in the original Type 2 HARQ codebook, the sub-codebook with CBG based feedback is appended to the sub-codebook with TB based feedback, and also considering there are separate total DAIs/DAI counters for TB based and CBG based feedbacks, it is still beneficial to keep two separate sub-codebooks, one from the original TB based sub-codebook, another from converting CBG based feedback  to TB based feedback. 
· One example is provided in Figure 1, where CC1 and CC2 are configured for TB based feedback and CC3 and CC4 are configured for CBG based feedback.
· Alt. 2: Instead of converting CBG based feedback to TB based feedback, with Alt. 2, the CBG based sub-codebook is discarded when multiplexing the LP HARQ codebook with the HP HARQ codebook.
· Discard feedback bit from the K1 set backwards, until the feedback overhead fitting the payload.
· If the LP HARQ codebook is configured to Type 1, we can consider two mechanisms:
· Use Spatialbundling to generate the LP HARQ codebook so to reduce the LP HARQ codebook size, irrespective of the RRC configuration concerning harq-ACK-SpatialBundlingPUSCH and/or harq-ACK-SpatialBundlingPUCCH;
· Discard as many CCs as necessary to fit the UCI payload size; the UE can start with the CC with the highest carrier index towards the lowest carrier index for example.
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Figure 3 compaction of LP HARQ codebook payload
In summary, we have

Proposal 1: study the support of  the following combinations for enhancements in Rel-17:
· eMBB HARQ/SR + URLLC PUSCH
· eMBB HARQ/SR + URLLC (HARQ/SR) 
· URLLC HARQ/SR + eMBB PUSCH

Proposal 2: Consider LP HARQ codebook size compaction for eMBB HARQ multiplexing over a HP channel.

2. Discussion on PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH
The WI has tasked RAN1 to “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 Rel-15, when timeline conditions are met, a DG PUSCH can be scheduled over a CG transmission occasion. While the specification for DG/CG with single slot transmission is rather clear, we note that the Rel-15 behavior concerning CG/DG with slot aggregation was only clarified at RAN1 101-e. 

With the introduction of multiple CGs over a BWP, PUSCH repetition Type B, and physical layer priority, the Rel-16 behavior concerning CG/DG is quite complicated and in need of clarification, we have discussed them in a companion paper [3]. In our view, bringing clarity to the Rel-16 behavior is the first step to define the Rel-17 solution, and it is important to identify what transmission strategies are already supported by the Rel-16 specification and what are not; this also fulfills the requirement in WID “taking the solution developed during Rel-16 as the baseline”.

We have

Proposal 3: Clarify the Rel-16 UE behavior concerning DG/CG transmission. 
3. Conclusions
In this contribution we share our views on Intra-UE Multiplexing/Prioritization for URLLC. We have

Proposal 1: study the support of  the following combinations for enhancements in Rel-17:
· eMBB HARQ/SR + URLLC PUSCH
· eMBB HARQ/SR + URLLC (HARQ/SR) 
· URLLC HARQ/SR + eMBB PUSCH

Proposal 2: Consider LP HARQ codebook size compaction for eMBB HARQ multiplexing over a HP channel.

Proposal 3: Clarify the Rel-16 UE behavior concerning DG/CG transmission. 
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