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At the RAN1#102 e-meeting, intra-UE multiplexing and prioritization was discussed and the following agreements were reached.
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, we give our considerations for intra-UE multiplexing and prioritization.
Discussion
Multiplexing of low priority HARQ-ACK and high priority HARQ-ACK/SR
For UCI multiplexing on PUCCH with low priority HARQ-ACK and high priority HARQ-ACK/SR, the multiplexing conditions should consider multiplexing timeline and latency requirement of high priority HARQ-ACK/SR. The timeline requirement is to ensure that UE has sufficient time for UCI multiplexing and the multiplexing timeline as defined in R15 can be reused. The latency requirement is to ensure the latency requirement of URLLC traffic can be satisfied, which can be defined as the ending symbol of PUCCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of the higher priority UCI. If the multiplexing timeline and/or latency requirement cannot be satisfied, low priority HARQ-ACK should be dropped.
Proposal 1: Multiplexing between low priority HARQ-ACK and high priority HARQ-ACK/SR is supported if R15 multiplexing timeline and latency requirement are satisfied. 
· The latency requirement can be defined as the ending symbol of PUCCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of PUCCH for the higher priority UCI.
· FFS value of X
If sub-slot is configured for high priority HARQ-ACK and low priority HARQ-ACK is not confined within a sub-slot boundary, then it is possible that a low priority HARQ-ACK overlaps with more than one high priority HARQ-ACK or SR in different sub-slots. There are some issues if low priority HARQ-ACK is multiplexed with some of the high priority HARQ-ACKs/SRs overlapping with the low priority HARQ-ACK. 
An example is shown in Figure 1, if we multiplex LP HARQ-ACK0 with a first HP HARQ-ACK1 which satisfies the timeline, if the PDCCH corresponding to the HP HARQ-ACK1 is missed by the UE, UE would choose another HP HARQ-ACK2 for multiplexing which also satisfy the multiplexing timeline. Consequently, one high priority HARQ-ACK feedback may be impacted by another high priority HARQ-ACK, which reduces the reliability of URLLC feedback. 


[bookmark: _Ref54344851]Figure 1: HP HARQ-ACK2 is impacted in case DL grant 1 is missed
Another example is shown in Figure 2, if we multiplex LP HARQ-ACK with a first HP SR, but the high priority SR is transmitted in PUCCH resource for low priority HARQ-ACK according to the multiplexing rules, then it will impact the other HP HARQ-ACK/SR overlapping with the LP HARQ-ACK. 
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[bookmark: _Ref54345472]Figure 2: HP HARQ-ACK/SR is impacted if HP SR is multiplexed on PUCCH resource for LP HARQ-ACK
Hence, it is proposed that multiplexing of low priority HARQ-ACK and high priority HARQ-ACK/SR only if the PUCCH resource for the low priority HARQ-ACK is confined within the sub-slot configured for the high priority HARQ-ACK. For low priority HARQ-ACK on PUCCH resource across sub-slot boundary, it should be dropped if it overlaps with a high priority HARQ-ACK/SR.
Proposal 2: Multiplexing of low priority HARQ-ACK and high priority HARQ-ACK/SR only if the PUCCH resource for the low priority HARQ-ACK is confined within the sub-slot configured for the high priority HARQ-ACK.
For overlapping between low priority HARQ-ACK, high priority HARQ-ACK and high priority SR (if exists), PUCCH resource configured for high priority HARQ-ACK should be used for multiplexing based on the total number of UCI bits. This could avoid reselecting a PUCCH resource which go across the sub-slot boundary, and the reliability of high priority UCI can be ensured.
For overlapping between low priority HARQ-ACK and high priority SR, the PUCCH resource used for multiplexing can be either PUCCH resource configured for high priority SR or for low priority HARQ-ACK based on Rel-15 multiplexing rules. A special case is low priority HARQ-ACK with PF 1 and high priority SR with PF0, UE would drop SR according to Rel-15 rules if timeline and latency conditions are satisfied leading to unexpected dropping of high priority UCI. It can be resolved by introducing new multiplexing rule for this case or by defining an exception case, e.g. for overlapping between SR with PF0 and HARQ-ACK with PF1, UE would cancel the low priority channel and multiplexing rule does not apply for this case.
Proposal 3: PUCCH resource configured for high priority HARQ-ACK should be used for multiplexing between low priority HARQ-ACK, high priority HARQ-ACK and high priority SR (if exists).
Proposal 4: PUCCH resource for multiplexing between low priority HARQ-ACK and high priority SR can be determined based on Rel-15 multiplexing rules expect for the case low priority HARQ-ACK with PF 1 overlapping with high priority SR with PF0.
Another issue is about the scheme of UCI coding and mapping if low priority HARQ-ACK and high priority HARQ-ACK/SR would be multiplexed onto one PUCCH resource. Both separate and joint coding/mapping can be considered. 
For joint coding and mapping, it is simple and the current multiplexing scheme can be reused as much as possible. A drawback of this solution is that the coding rates of UCI with different priorities are the same. Given that a low coding rate should be chosen to ensure the reliability of high priority UCI type, more resources are occupied. 
For separate coding and mapping, the coding rates of UCI with different priorities can be different, but new mapping rules should be defined. In addition, RBs of PUCCH resource used for multiplexing is determined by the number of total UCI bits and maximum configured coding rate in current scheme, a new scheme should be considered to determine a PUCCH resource used for multiplexing with more suitable number of RBs.
Proposal 5: Further study whether joint coding or separate coding should be used for multiplexing between HARQ-ACKs with different priorities.
Furthermore, to guarantee the target code rate for multiplexing between mixed priorities, low priority HARQ-ACK can be partially dropped or compressed if the code rate exceeds the maximum coding rate.
Proposal 6: Low priority HARQ-ACK can be partially dropped or compressed if the code rate exceeds the maximum coding rate.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multiplexing of UCI and PUSCH with different priorities
Similar as multiplexing between UCI with different priorities, for multiplexing between UCI and PUSCH with different priorities, multiplexing timeline and latency requirement should be satisfied, otherwise low priority UCI/PUSCH should be dropped. The multiplexing timeline as defined in R15 can be reused for different priority channels; the latency requirement can be defined as the ending symbol of PUSCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of the higher priority UCI.
Proposal 7: Multiplexing between UCI and PUSCH with different priorities is supported if R15 multiplexing timeline and latency requirement are satisfied. 
· The latency requirement can be defined as the ending symbol of PUSCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of PUCCH for the higher priority UCI.
· FFS value of X
For UCI multiplexing on PUSCH with different priorities, it is desirable to indicate whether or not UCI should be multiplexed on high priority PUSCH. For example, when URLLC PUSCH collides with PUCCH carrying eMBB UCI and the PUSCH resource allocation is limited, the gNB may indicate that the eMBB UCI is dropped. Compared with semi-static configuration, dynamically indicating whether UCI is transmitted on PUSCH is preferable as it can then depend on PUSCH resource allocation. In order to indicate whether or not UCI can be multiplexed on PUSCH, one value in the set of configured beta-offsets can be set to 0 to indicate there is no UCI on PUSCH when dynamic beta-offset indication is configured. Alternatively, 1 bit can be added in DCI to indicate whether UCI is transmitted on PUSCH. For type2 configured grant PUSCH, such dynamic indication can be considered in the activation DCI. For type1 configured grant PUSCH, only semi-static configuration or predefined rule can be used. 
Proposal 8: Dynamically indicating whether UCI is transmitted on a high priority PUSCH can be supported by indication field in the DCI scheduling the PUSCH.
Furthermore, additional configuration of alpha or beta-offset values should be introduced for UCI multiplexing on PUSCH with different priorities. Similarly, the higher layer parameter scaling in the UCI-OnPUSCH IE can be independently configured for PUSCH with different priorities. 
Proposal 9: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on
· Independent beta offsets for PUSCH with different priorities
· Independently configured higher layer parameter scaling for PUSCH with different priorities
For overlapping between multiple HARQ-ACKs and a PUSCH, it is possible that only some of the HARQ-ACKs satisfy the multiplexing timeline. As an example shown in Figure 3, UE cannot know whether there is more HARQ-ACK when it determines to multiplex the first HP HARQ-ACK1 on PUSCH. Hence in order to avoid impact to HP HARQ-ACK2, PUSCH should be dropped if would overlap with more than one HARQ-ACKs, it is proposed that PUSCH is dropped if it across sub-slot boundary configured for HARQ-ACK which would multiplex with the PUSCH.


[bookmark: _Ref54353277]Figure 3 Issue of multiple HARQ-ACKs overlapping with a PUSCH
Proposal 10: Multiplexing of HARQ-ACK on PUSCH resource only if the PUSCH resource is contained within the sub-slot configured for the HARQ-ACK which would multiplex with the PUSCH.
For PUSCH overlapping with both low priority HARQ-ACK, high priority HARQ-ACK and/or CSI, an open issue is that there is only one DAI field in UL grant, it should be considered if both low priority HARQ-ACKs and high priority HARQ-ACKs are multiplexed on the PUSCH, how to determine the HARQ-ACK codebook based on the UL DAI indication. Another issue is that multiplexing priority should be considered to ensure the reliability of high priority UCI. For instance high priority HARQ-ACK may be multiplexed on high priority PUSCH while low priority UCI is directly dropped or low priority UCI is dropped when the target coding rate exceeds. UCI dropping rule can be defined in this case. 
Proposal 11: UCI dropping rule should be defined for mixed UCI priorities multiplexing on PUSCH.
PHY prioritization between CG and DG with different priorities
In last meeting, overlapping between CG and DG with different priorities was discussed and it was agreed to support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH. Similarly, PHY prioritization for the case of low-priority CG-PUSCH collides with high-priority DG-PUSCH should also be supported in R17. 
To support PHY prioritization of overlapping DG-PUSCH and CG-PUSCH of different PHY priorities, cancellation/scheduling timeline for Rel-16 intra-UE prioritization for PUCCH and PUCCH/PUSCH with different priorities can be reused, and it has minimal RAN1 specification impact.
Proposal 12: PHY prioritization for the case where low-priority CG-PUSCH collides with high-priority DG-PUSCH should be supported in R17.
Proposal 13: For collision handling between the CG and DG with different priorities in PHY layer, UE is expected to cancel the overlapping low priority channel by the first overlapping symbol at the latest.
Conclusion
In this contribution, we discuss possible enhancements for intra-UE multiplexing and prioritization and give the following proposals.
Proposal 1: Multiplexing between low priority HARQ-ACK and high priority HARQ-ACK/SR is supported if R15 multiplexing timeline and latency requirement are satisfied. 
· The latency requirement can be defined as the ending symbol of PUCCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of PUCCH for the higher priority UCI.
· FFS value of X
Proposal 2: Multiplexing of low priority HARQ-ACK and high priority HARQ-ACK/SR only if the PUCCH resource for the low priority HARQ-ACK is contained within the sub-slot configured for the high priority HARQ-ACK.
Proposal 3: PUCCH resource configured for high priority HARQ-ACK should be used for multiplexing between low priority HARQ-ACK, high priority HARQ-ACK and high priority SR (if exists).
Proposal 4: PUCCH resource for multiplexing between low priority HARQ-ACK and high priority SR can be determined based on Rel-15 multiplexing rules expect for the case low priority HARQ-ACK with PF 1 overlapping with high priority SR with PF0.
Proposal 5: Further study whether joint coding or separate coding should be used for multiplexing between HARQ-ACKs with different priorities.
Proposal 6: Low priority HARQ-ACK can be partially dropped or compressed if the code rate exceeds the maximum coding rate.
Proposal 7: Multiplexing between UCI and PUSCH with different priorities is supported if R15 multiplexing timeline and latency requirement are satisfied. 
· The latency requirement can be defined as the ending symbol of PUSCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of PUCCH for the higher priority UCI.
· FFS value of X
Proposal 8: Dynamically indicating whether UCI is transmitted on a high priority PUSCH can be supported by indication field in the DCI scheduling the PUSCH.
Proposal 9: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on
· Independent beta offsets for PUSCH with different priorities
· Independently configured higher layer parameter scaling for PUSCH with different priorities
Proposal 10: Multiplexing of HARQ-ACK on PUSCH resource only if the PUSCH resource is contained within the sub-slot configured for the HARQ-ACK which would multiplex with the PUSCH.
Proposal 11: UCI dropping rule should be defined for mixed UCI priorities multiplexing on PUSCH.
Proposal 12: PHY prioritization for the case of low-priority CG-PUSCH collides with high-priority DG-PUSCH should be supported in R17.
Proposal 13: For collision handling between the CG and DG with different priorities in PHY layer, UE is expected to cancel the overlapping low priority channel by the first overlapping symbol at the latest.
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