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1. Introduction
At RAN1 #102-e, the following were agreed:
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH
 
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.

Further agreements were reached in RAN1 #103-e. In this contribution we provide our views on UCI multiplexing/prioritization in Rel-17.
2. Discussion on UCI and PUSCH multiplexing of different priorities
In this section we address the FFS point from the RAN1 #102-e agreement for both the case with HARQ multiplexing over PUCCH and the case with HARQ multiplexing over PUSCH:

· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).


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 1 compaction of LP HARQ codebook payload
In summary, we have

Proposal 1: Consider LP HARQ codebook size compaction for eMBB HARQ multiplexing over a high priority channel.


At RAN1 #103-e, the following agreements regarding multiplexing HP/LP into a PUCCH and  HP/LP HARQ into LP/HP PUSCH were reached:

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.


UCI multiplexing requires complicated processing in UE implementation, supporting UCI prioritization as in Rel-16 and UCI multiplexing across different physical layer priorities in Rel-17 lead to additional implementation effort already over Rel-15/Rel-16 implementation. If dynamic switching between two behaviors were to be supported, then there would be many cases to handle for transition between those two behaviors, which is undesirable for specification development, UE implementation and base station implementation.  Hence we have 

Proposal 2: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, RRC configuration is used to enable/disable the multiplexing.
Proposal 3: For HARQ-ACK multiplexing on PUSCH of different priority in R17, RRC configuration is used to enable/disable the multiplexing.
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”. 

At RAN1 103-e, the following was agreed:


Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.


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

3. Simultaneous PUCCH and PUSCH transmissions
It was agreed that 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function.
· FFS for intra-band CA.

Subject to UE capability, simultaneous PUCCH and PUSCH transmissions for inter-band CA can be enabled; the enabling mechanism should be through RRC configuration. Note at RAN1 #97, the UCI multiplexing behavior was clarified, the note below has been captured in the Chairman’s notes of RAN1 #97:




The Rel-15 and Rel-16 NR design mandates that UCI which would be carried over a PUCCH overlapping with PUSCH(s), be multiplexed over one of those PUSCHs. With simultaneous PUCCH/PUSCH transmissions on different cells for inter-band CA, Step 2 is executed for PUCCH and PUSCHs on for CCs in the same band as the PUCCH-residing CC, and PUSCHs on CCs at other bands are not considered in Step 2. 

Simultaneous PUCCH/PUSCH transmission for intra-band CA leads to Tx discontinuity and large Tx power back-off. More specifically, phase discontinuity is a concern if different durations of the PUSCH and PUCCH are used.  To avoid phase discontinuity, then PUSCH duration and PUCCH duration have to be the same. However, for transmission at different physical layer priorities, mandating the same transmission duration for PUCCH/PUSCH severely limits cases where Simultaneous PUCCH/PUSCH transmission is used. With such strong restriction on PUSCH/PUCCH, it is not clear whether Simultaneous PUCCH/PUSCH transmission for intra-band CA provides much benefit. 

Simultaneous PUCCH/PUSCH transmission on the same cell also leads to phase discontinuity issue. When the separation of PUCCH and PUSCH in the frequency domain is large, severe inter-modulation interference can be generated, which leads to a big challenge in UE implementation.  We have 
Proposal 5: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported.
Proposal 6: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.
3. Conclusions
In this contribution we share our views on Intra-UE Multiplexing/Prioritization for URLLC. We have

Proposal 1: Consider LP HARQ codebook size compaction for eMBB HARQ multiplexing over a high priority channel.

Proposal 2: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, RRC configuration is used to enable/disable the multiplexing.

Proposal 3: For HARQ-ACK multiplexing on PUSCH of different priority in R17, RRC configuration is used to enable/disable the multiplexing.

Proposal 4: Clarify the Rel-16 UE behavior concerning DG/CG transmission. 

Proposal 5: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported.

Proposal 6: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.
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Wednesday conclusion (amended on Thursday as shown):

For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:

· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:

· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) on PCC. This step is done per PUCCH slot. 

· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.

· First priority: PUSCH with A-CSI as long as it overlaps with Z

· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)

· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)

· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs

· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index

· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 

Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.
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