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1. Introduction
In RAN1#102-e, following agreements were made to support the intra-UE multiplexing/prioritization in Rel-17, especially in terms of UCI multiplexing on PUCCH or PUSCH [1]. 

	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.
 
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.



In this contribution, based on the above agreements, we discuss and provide our views on the intra-UE multiplexing/prioritization, in terms of processing, multiplexing, and mapping UCIs with different priority on PUCCH or PUSCH.

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 processing/multiplexing/mapping and overall UCI multiplexing procedure. 

2.1. General aspects

· Encoding of different priority UCIs
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: Decide the encoding scheme (e.g. separate coding or joint coding) for UCIs with different priority on a same PUCCH/PUSCH.

· Inter-priority multiplexing condition
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 #2: Consider additional condition for the processing of inter-priority multiplexing and the latency requirement for HP UCI.

· Overall multiplexing procedure
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 #3: Discuss the overall multiplexing procedures/steps for the inter-priority multiplexing of UCIs on PUCCH/PUSCH.

2.2. PUCCH-specific aspects

· Handling on UCI coding rate
Considering to multiplex LP UCI and HP UCI on a same PUCCH, it is required to handle the case where actual UCI coding rate based on total payload size of LP UCI and HP UCI (and PUCCH resource size) exceed the maximum UCI coding date configured for the PUCCH. A reasonable way would be to drop LP UCI (entirely or partially) and/or apply bundling for LP HARQ-ACK.
In case of bundling for LP HARQ-ACK, considering potential NACK(DTX)-to-ACK error in case when a DL DCI is missed by UE, it would be desirable to apply bundling in spatial domain and/or CBG domain. In case of partial dropping for LP HARQ-ACK in terms of dropping order, it may have dependency with the HARQ-ACK codebook type. For example, HARQ-ACK corresponding to the last SLIV could be dropped first in case of Type-1 codebook while HARQ-ACK corresponding to the last DAI could be dropped first in case of Type-2 codebook. 
Moreover, the bundling and the dropping for LP HARQ-ACK could be sequentially applied. For example, the bundling is applied first in case of exceeding the maximum UCI coding date, after that, the dropping is additionally applied in case of exceeding the maximum UCI coding date even based on the bundled LP HARQ-ACK payload size.

Proposal #4: Consider the bundling for LP HARQ-ACK in spatial domain and/or CBG domain for the case of exceeding the maximum UCI coding rate on PUCCH.
Proposal #5: Consider the partial dropping for LP HARQ-ACK according to HARQ-ACK codebook type for the case of exceeding the maximum UCI coding rate on PUCCH.

· PUCCH resource determination
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 #6: Decide the configuration/determination of PUCCH resource used to multiplex/transmit UCIs with different priority.

· Multiplexing of LP HARQ-ACK and HP SR
Considering to support multiplexing between LP HARQ-ACK with up to 2 bits and HP SR on PUCCH (format 0 or format 1, e.g., PF0 or PF1), following two cases may need to be enhanced to guarantee HP SR reliability related to PUSCH (scheduling) latency. 

1) Case 1: HARQ-ACK on PF0, SR on PF0/1
A. Currently, an offset of 3 or 1 is added to the sequence CS values on HARQ-ACK PF0 for HARQ-ACK with 1-bit or 2-bit, respectively, in case when SR is positive.
2) Case 2: HARQ-ACK on PF1, SR on PF0
A. Currently, HARQ-ACK is only transmitted on PF1 by dropping SR.

For Case 1, in case of 2-bit HARQ-ACK, the CS gap between negative SR and positive SR becomes too small (since the CS gap is 1), and thus it would cause degradation of HP SR reliability under certain channel condition. For Case 2, obviously due to the dropping of SR, it would be undesirable in terms of ensuring HP SR reliability.
One possible way to address the above issues is that, firstly LP HARQ-ACK of up to 2 bits is reduced or compressed to 1-bit, and then the (reduced/compressed) 1-bit LP HARQ-ACK and 1-bit HP SR are multiplexed on the HARQ-ACK PUCCH. 

Proposal #7: Consider to support HARQ-ACK + SR on HARQ-ACK PUCCH for the combination between LP HARQ-ACK of up to 2 bits on PF0 and HP SR on PF0/1. 
Proposal #8: Consider to support HARQ-ACK + SR on HARQ-ACK PUCCH for the combination between LP HARQ-ACK of up to 2 bits on PF1 and HP SR on PF0. 

2.3. PUSCH-specific aspects

· Determination of REs for UCI mapping
It was agreed in RAN1#102-e to support separate configuration of beta offset values for multiplexing of different priorities, and whether to support separate configuration even for alpha factor is remained as FFS point. For almost same reason with beta offset to guarantee HP UCI reliability (multiplexed on LP PUSCH), separate configuration of alpha factor values for multiplexing of different priorities may need to be supported to guarantee HP PUSCH reliability (with LP UCI piggybacking).
[bookmark: _GoBack]In addition, considering the case where LP UCI would be piggybacked on HP PUSCH together with HP UCI, the REs assigned to the LP UCI may not be sufficient to guarantee the performance. For this reason, it may need to consider the maximum UCI coding rate at least for LP UCI on PUSCH as for the UCI on PUCCH. Given that, dropping and/or bundling of the LP UCI on PUSCH could be applied (similarly with LP UCI on PUCCH) in case of exceeding the maximum UCI coding rate.

Proposal #9: Support separate configuration of beta offset as well as alpha factor for the combinations of {LP UCI on HP PUSCH} and {HP UCI on LP PUSCH}. 
Proposal #10: Consider the bundling/dropping of LP UCI on PUSCH based on the maximum UCI coding rate as for the case of LP UCI on PUCCH. 

· UCI RE mapping (order) on PUSCH
Considering UCI on PUSCH with different priority, in particular for HARQ-ACK, the reserved (2-bit) HARQ-ACK REs for same priority with PUSCH would need to be kept (even for the case where there is no actual HARQ-ACK for the same priority from UE perspective), in order to avoid potential misalignment (on RE mapping) between UE and gNB in case of DL DCI missing by UE. 
In addition, for HP HARQ-ACK on LP PUSCH, it may be required to map the HP HARQ-ACK RE starting from the first symbol in LP PUSCH, with consideration of latency requirement for HP UCI. Moreover, it is desirable to avoid UCI mapping by puncturing REs between HARQ-ACKs with different priority by taking HARQ-ACK reliability (even for LP) into account.

Proposal #11: Consider to keep the reserved HARQ-ACK REs for same priority with PUSCH in case of piggybacking HARQ-ACK on PUSCH for different priority. 
Proposal #12: Consider the mapping of HP HARQ-ACK starting from the first symbol in LP PUSCH with consideration of latency requirement for HP UCI. 

· Simultaneous TX of PUCCH+PUSCH
It was agreed in RAN1#102-e to support simultaneous PUCCH/PUSCH transmissions on different cells. In fact, since this feature had been introduced/specified already in Rel-10 LTE-A as a form of UE capability based on intensive discussions, the overall framework designed in LTE-A in terms of capability, operation procedure and transmission structure (as the following examples) should be the baseline (and starting point) for Rel-17 NR. 

1) In case with HARQ-ACK and PUSCH in a same slot,
A. HARQ-ACK is on PUCCH, no UCI is on PUSCH.
2) In case with (periodic) CSI and PUSCH in a same slot, 
A. CSI is on PUCCH, no UCI is on PUSCH.
3) In case with HARQ-ACK and CSI and PUSCH in a same slot, 
A. HARQ-ACK is on PUCCH, CSI is on PUSCH. 

Proposal #13: Consider the framework designed in Rel-10 LTE-A as the baseline for supporting simultaneous transmission of PUCCH and PUSCH in Rel-17 NR. 

3. Prioritization of DG/CG PUSCHs with different priority
In the last meetings, it has been agreed to support the PHY prioritization between low priority DG PUSCH and high priority CG PUSCH in principle. 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 #14: 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 #15: Consider enhanced collision handling between HP PUSCH and LP PUSCH with UCI piggybacking.

· Clarification on Rel-16 UE behavior on CG vs. DG PUSCH collision
From Rel-16 URLLC maintenance session and RAN2 discussion, it is almost specified how UE prioritizes one PUSCH among overlapping PUSCHs. In the perspective of PHY layer, it is necessary to verify a PDCCH scheduling timeline if PUSCH scheduled by the PDCCH is overlapping CG PUSCH. If it satisfied timeline and scheduled successfully, UE MAC prioritizes one UL grant, generates MAC PDU for the prioritized UL grant and deprioritizes others. 
In this framework, collision between HP CG and LP DG may not be a big issue. Since LP DG may not have critical scheduling timeline and HP CG is semi-static, UE would know both UL grant when UE is scheduled with low priority PUSCH. In this case, UE MAC would prioritizes HP CG easily when it has traffic to transmit, and UE PHY would transmit PUSCH with transport block. Maybe some UL multiplexing rule needs to be refined in that case. 
However, collision between LP CG and HP DG could be complicated. In this scenario, HP DG may be scheduled even during PUSCH preparation time of LP CG. It means that, it is required to decode PDCCH and stop LP CG processing after the PDCCH decoding. If skipUplinkTxDynamic is configured, the case become more complicated. In the perspective of UE MAC, this kind of UE behavior cannot be aligned with current UE MAC behavior generating one MAC PDU per a group of overlapping UL grants. 
Moreover, considering URLLC requirement, it is difficult to support URLLC service via DG PUSCH due to delay from SR to UL grant and from UL grant to PUSCH, as we have been discussing. 
From above observations, it may not be beneficial to support the collision between low priority CG PUSCH and high priority DG PUSCH with aggressive timeline. Therefore, we propose the followings.

Proposal #16: PHY prioritization for the case where low-priority CG-PUSCH collides with high-priority DG-PUSCH is not supported in R17.

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

Proposal #1: Decide the encoding scheme (e.g. separate coding or joint coding) for UCIs with different priority on a same PUCCH/PUSCH.
Proposal #2: Consider additional condition for the processing of inter-priority multiplexing and the latency requirement for HP UCI.
Proposal #3: Discuss the overall multiplexing procedures/steps for the inter-priority multiplexing of UCIs on PUCCH/PUSCH.
Proposal #4: Consider the bundling for LP HARQ-ACK in spatial domain and/or CBG domain for the case of exceeding the maximum UCI coding rate on PUCCH.
Proposal #5: Consider the partial dropping for LP HARQ-ACK according to HARQ-ACK codebook type for the case of exceeding the maximum UCI coding rate on PUCCH.
Proposal #6: Decide the configuration/determination of PUCCH resource used to multiplex/transmit UCIs with different priority.
Proposal #7: Consider to support HARQ-ACK + SR on HARQ-ACK PUCCH for the combination between LP HARQ-ACK of up to 2 bits on PF0 and HP SR on PF0/1. 
Proposal #8: Consider to support HARQ-ACK + SR on HARQ-ACK PUCCH for the combination between LP HARQ-ACK of up to 2 bits on PF1 and HP SR on PF0. 
Proposal #9: Support separate configuration of beta offset as well as alpha factor for the combinations of {LP UCI on HP PUSCH} and {HP UCI on LP PUSCH}. 
Proposal #10: Consider the bundling/dropping of LP UCI on PUSCH based on the maximum UCI coding rate as for the case of LP UCI on PUCCH. 
Proposal #11: Consider to keep the reserved HARQ-ACK REs for same priority with PUSCH in case of piggybacking HARQ-ACK on PUSCH for different priority. 
Proposal #12: Consider the mapping of HP HARQ-ACK starting from the first symbol in LP PUSCH with consideration of latency requirement for HP UCI. 
Proposal #13: Consider the framework designed in Rel-10 LTE-A as the baseline for supporting simultaneous transmission of PUCCH and PUSCH in Rel-17 NR. 
Proposal #14: Consider to introduce new timeline or offset in case of PUSCH collision handling with different priority. 
Proposal #15: Consider enhanced collision handling between HP PUSCH and LP PUSCH with UCI piggybacking.
Proposal #16: PHY prioritization for the case where low-priority CG-PUSCH collides with high-priority DG-PUSCH is not supported in R17.
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