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1 Introduction
In RAN1 #104-e, intra-UE multiplexing/prioritization was discussed and the following agreements were made [1].
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details
Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)
Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication
Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
· FFS: whether with power boost to transmit multiplexed payload or not.
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Opt.3: No enhancement over Rel-16.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
· FFS: whether with power boost to transmit multiplexed payload or not.
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· FFS on conditions of multiplexing.
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.5: No enhancement over Rel-16.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
Agreements:
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
· Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Opt.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.4: No enhancement over Rel-16.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
In this contribution, we provide our views on intra-UE multiplexing/prioritization.
2 Discussion
[bookmark: _Hlk861261]Reliability of high priority UCI when multiplexing high priority PUCCH and low priority PUCCH
Joint coding vs separate coding
Since UCI of different priorities has different requirements of reliability, which requires different coding rate, separate coding is more suitable for ensuring the reliability of high priority UCI. Hence, option 2 should be supported. Since there is some concern on the CRC overhead when the payload size is small, option 3 is proposed to consider using joint coding under some conditions, e.g., when payload size of low priority UCI or high priority UCI is small. Whether joint coding performs better than separate coding when payload size of low priority UCI or high priority UCI is small may depend on the payload size of high priority UCI, payload size of low priority UCI, coding rate used for joint coding and coding rate for separate coding. It may be hard to define all combination of the conditions and the corresponding choice of joint coding or separate coding. As such, it is better to first agree on supporting option 2.
Proposal 1: Separate coding of high priority UCI and low priority UCI when multiplexed in a PUCCH is supported as a baseline.

PUCCH resource set determination
Since the DCI scheduling low priority PUCCH may not be transmitted with the high priority that is used for transmitting the DCI scheduling high priority PUCCH, there may be some miss detection of DCI scheduling low priority PUCCH. In some cases, miss detection of DCI may result in UE selecting a different PUCCH resource set from the PUCCH resource set selected by gNB, which in turn results in UE selecting a different PUCCH resource from the PUCCH resource selected by gNB. This discrepancy between UE and gNB should be avoided. To address this issue, following alternatives may be considered.
Alt. 1: Use payload size of high priority UCI to determine PUCCH resource set.
Alt. 2: An indication of which PUCCH resource set is selected is included in scheduling DCI.
Alt. 3: Use payload size of high priority UCI and a configured payload size to determine PUCCH resource set.
Proposal 2: Consider the following alternatives for PUCCH resource set determination when multiplexing high priority PUCCH and low priority PUCCH.
· Alt. 1: Use payload size of high priority UCI to determine PUCCH resource set.
· Alt. 2: An indication of which PUCCH resource set is selected is included in scheduling DCI.
· Alt. 3: Use payload size of high priority UCI and a configured payload size to determine PUCCH resource set.

Explicit indication for multiplexing
Using an explicit indication to indicate UE whether to multiplex overlapping high priority PUCCH and low priority PUCCH should be supported since it gives gNB full control over the reliability and latency that can be achieced by the multiplexed PUCCH or high priority PUCCH that is not multiplexed with low priority UCI. It can also resolve the ambiguity that may result from determination of whether multiplexing is performed based on coding rate, timeline, etc., since the precision of coding rate calculation and TA may be different between gNB and UE. Dynamic indication should at least be supported for the above reasons.
Proposal 3: Dynamic indication is supported for indicating whether to multiplex overlapping high priority PUCCH and low priority PUCCH.

Multiplexing HP PUCCH and LP PUCCH with total bits up to 2 bits
[bookmark: _Hlk68689047]To provide high priority UCI with better reliability, for multiplexing a HP HARQ-ACK and a LP HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits is 2 bits, for multiplexing on a PUCCH format 0, HARQ-ACK values to CS indices mapping with unequal distance between mapped CS indices should be supported. For example, for a fixed LP HARQ-ACK bit value, the distance between mapped CS indices for different HP HARQ-ACK bit value can be 6.
Proposal 4: For multiplexing LP HARQ-ACK and HP HARQ-ACK on a PUCCH format 0, HARQ-ACK values to CS indices mapping with unequal distance between mapped CS indices should be supported.

Reliability of high priority data/UCI when multiplexing high priority PUCCH/PUSCH and low priority PUCCH/PUSCH
Joint coding vs separate coding
In Rel-15, when UCI is multiplexed in a PUSCH, separate coding is used for different types of UCI multiplexed in the PUSCH, and maximum number of types of UCI that can be multiplexed in a PUSCH is 3, i.e., HARQ-ACK, CSI part-1 and CSI part-2. In Rel-16, CG-UCI is introduced for NRU, when CG-UCI is multiplexed in a CG PUSCH, it is jointly encoded with HARQ-ACK, if there is HARQ-ACK to be multiplexed in the CG PUSCH. While if there is no HARQ-ACK to be multiplexed in the CG PUSCH, it is separately encoded from CSI part-1 and CSI part-2.
In Rel-17, when a high priority PUCCH and a low priority PUCCH both overlap with a PUSCH, it is agreed the high priority PUCCH and the low priority PUCCH can be multiplexed in the PUSCH. Similar to the scenario when high priority PUCCH and low priotiy PUCCH overlap, joint coding and separate coding may be considered. Since UCI of different priorities has different requirements of reliability, which requires different coding rate and different resource mapping, separate coding is more suitable for ensuring the reliability of high priority UCI. A maximum number of types of UCI that can be multiplexed in a PUSCH can be defined as UE capability, where a type of UCI is defined as a combination of a physical layer priority and a UCI type, e.g., HARQ-ACK, CSI part-1, and CSI part-2.
Proposal 5: Separate coding of high priority UCI and low priority UCI when multiplexed in a PUSCH is supported.
If a CG-UCI is multiplexed a high priority CG PUSCH, it should be jointly encoded with high priority HARQ-ACK if there is high priority HARQ-ACK to be multiplexed in the CG PUSCH. CG-UCI multiplexed in a high priority CG PUSCH is treated as high priority HARQ-ACK, i.e. mapped to resource elements that may be used for mapping high priority HARQ-ACK, if there is no high priority HARQ-ACK to be multiplexed in the CG PUSCH.
Proposal 6: CG-UCI multiplexed in a high priority CG PUSCH is treated as high priority HARQ-ACK and jointly encoded with high priority HARQ-ACK, if there is high priority HARQ-ACK to be multiplexed in the CG PUSCH.

Beta offsets and scaling
To ensure reliability of high priority PUCCH can be achieved when multiplexed in a PUSCH, and to ensure reliability of high priority PUSCH can be achieved when a low priority PUCCH is multiplexed in the PUSCH, separate beta offsets and scalings should be configured, which can be used to ensure the allocated number of resource elements for high priority UCI is enough for acheiving the target reliability, and can be used to ensure the allocated number of resource elements for low priority UCI is not too much to degrade the reliability of high priority data and UCI. 
Proposal 7: Separate beta offsets and scalings can be configured for low priority UCI multiplexed in low priority PUSCH, for low priority UCI multiplexed in high priority PUSCH, for high priority UCI multiplexed in low priority PUSCH and for high priority UCI multiplexed in high priority PUSCH.

Explicit indication for multiplexing
Explicit indication can givee gNB full control over the reliability and latency that can be achieced by the multiplexed PUSCH and PUCCH or high priority PUCCH/PUSCH that is not multiplexed with low priority data/UCI. It is proposed that beta offset value may be used to implicity indicate whether to multiplex low priority UCI in a high priority PUSCH. However, if semi-static beta offsets are configured, the method cannot work. Therefore, another indication should be defined for the purpose.
Proposal 8: Dynamic indication is supported for indicating whether to multiplex overlapping high priority PUSCH and low priority PUCCH. FFS the indication method when semi-static beta offsets are configured.

Multiplexing procedure for high priority PUCCH and low priority PUCCH
The multiplexing procedure for multiplexing overlapping high priority PUCCHs and low priority PUCCHs should be performed upon receiving the first DCI scheduling a high priotiy PUCCH in the group of overlapping high priority PUCCHs and low priority PUCCHs, since UE cannot predict if there will be other overlapping high priority PUCCHs after the high priotiy PUCCH scheduled by the first DCI. In this sense, the UCI multiplexing procedure for low priority PUCCHs should be performed as specified in Clause 9.2.5 in TS 38.213 first, and another UCI multiplexing procedure for multiplexing high priority PUCCHs and the resulting low priority PUCCH should be performed once a high priotiy PUCCH is scheduled, with the resulting low priority PUCCH from the first UCI multiplexing procedure included in the set of PUCCH resources over which the other UCI multiplexing procedure is performed.
Proposal 9: A first UCI multiplexing procedure for low priority PUCCHs is performed as specified in Clause 9.2.5 in TS 38.213 first, and a second UCI multiplexing procedure for multiplexing high priority PUCCHs and the resulting low priority PUCCH is performed once a high priotiy PUCCH is scheduled, with the resulting low priority PUCCH from the first UCI multiplexing procedure included in the set of PUCCH resources over which the second UCI multiplexing procedure is performed.




3 Conclusions
In this contribution, we discussed the issues regarding intra-UE multiplexing/prioritization. Based on the discussion in section 2, we have proposal as follows.
Proposal 1	Separate coding of high priority UCI and low priority UCI when multiplexed in a PUCCH is supported as a baseline.
Proposal 2	Consider the following alternatives for PUCCH resource set determination when multiplexing high priority PUCCH and low priority PUCCH.
-  Alt. 1: Use payload size of high priority UCI to determine PUCCH resource set.
-  Alt. 2: An indication of which PUCCH resource set is selected is included in scheduling DCI.
-  Alt. 3: Use payload size of high priority UCI and a configured payload size to determine PUCCH resource set.
Proposal 3	Dynamic indication is supported for indicating whether to multiplex overlapping high priority PUCCH and low priority PUCCH.
Proposal 4	For multiplexing LP HARQ-ACK and HP HARQ-ACK on a PUCCH format 0, HARQ-ACK values to CS indices mapping with unequal distance between mapped CS indices should be supported.
Proposal 5	Separate coding of high priority UCI and low priority UCI when multiplexed in a PUSCH is supported.
Proposal 6	CG-UCI multiplexed in a high priority CG PUSCH is treated as high priority HARQ-ACK and jointly encoded with high priority HARQ-ACK, if there is high priority HARQ-ACK to be multiplexed in the CG PUSCH.
Proposal 7	Separate beta offsets and scalings can be configured for low priority UCI multiplexed in low priority PUSCH, for low priority UCI multiplexed in high priority PUSCH, for high priority UCI multiplexed in low priority PUSCH and for high priority UCI multiplexed in high priority PUSCH.
Proposal 8	Dynamic indication is supported for indicating whether to multiplex overlapping high priority PUSCH and low priority PUCCH. FFS the indication method when semi-static beta offsets are configured.
Proposal 9	A first UCI multiplexing procedure for low priority PUCCHs is performed as specified in Clause 9.2.5 in TS 38.213 first, and a second UCI multiplexing procedure for multiplexing high priority PUCCHs and the resulting low priority PUCCH is performed once a high priotiy PUCCH is scheduled, with the resulting low priority PUCCH from the first UCI multiplexing procedure included in the set of PUCCH resources over which the second UCI multiplexing procedure is performed.
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