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[bookmark: _Ref521334010]Introduction
At the RAN1#104-e meeting, intra-UE multiplexing and prioritization were discussed and the following agreements were reached [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 give our further considerations for intra-UE multiplexing and prioritization based on previous agreements.
Multiplexing of PUCCH and PUCCH/PUSCH with different priorities
Multiplexing timeline
It was agreed as a working assumption in last meeting to reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities, and FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met. 
In Rel-15, the intra-UE PUCCH/PUSCH multiplexing timeline requirement is defined with reference to the first symbol of the earliest PUCCH/PUSCH among a group of overlapping channels and the timeline requirement should always be satisfied for the overlapping channels. Reusing Rel-15 multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities will limit the scheduling for high priority channels. As shown in Figure 1, since timeline requirements between A/B and C are not satisfied, HP HARQ-ACK should not be indicated to overlap with the LP HARQ-ACK so that HP HARQ-ACK has to be delayed.


[bookmark: _Ref68601239]Figure 1: Timeline requirement for channels with different priorities
Observation 1: Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities will introduce more limitation on scheduling for high priority channels in Rel-17.
On the other hand, if the multiplexing timeline may or may not be satisfied for overlapping channels with different priorities in Rel-17 and multiplexing is only performed when multiplexing timeline is satisfied, gNB and UE may have different understandings on whether the multiplexing timeline is satisfied and whether the multiplexing should be performed. As an example shown in Figure 2, a PUCCH for HP HARQ-ACK1 overlapping with a PUCCH for LP HARQ-ACK is overridden by a PUCCH for HP HARQ-ACK2. gNB considers that the timeline for overlapping PUCCHs for LP HARQ-ACK and HP HARQ-ACK2 is not satisfied since the time between A/B and C is smaller than the required time gap. But if DCI2 is missed by the UE, UE may consider the multiplexing timeline is satisfied, and UE would multiplex LP HARQ-ACK with the HP HARQ-ACK1, while gNB considers that UE should drop the LP HARQ-ACK.


[bookmark: _Ref68600474]Figure 2: Timeline requirement for channels with different priorities is not satisfied
Observation 2: If the timeline requirement is allowed to be not met, gNB and UE may have different understandings on whether the multiplexing timeline is satisfied and whether the multiplexing should be performed.
To avoid the misunderstandings between gNB and UE on whether multiplexing timeline is satisfied, the multiplexing timeline should always be satisfied for overlapping channels with different priorities when multiplexing between UCIs with different priorities is supported. Furthermore, in order to minimize the scheduling restriction, it can be considered to define the multiplexing timeline with reference to the first symbol of a channel which would be used for multiplexing instead of the earliest channel. 
As shown in Figure 3, the timeline requirement can be determined with reference to the start of PUCCH resource for HP HARQ-ACK when the PUCCH resource for HP HARQ-ACK is used as multiplexing resource. If timeline requirement between A/B and C is not satisfied, but the timeline requirement between A/B and D is satisfied, LP HARQ-ACK and HP HARQ-ACK can be multiplexed in the PUCCH resource for HP HARQ-ACK. Although UE may begin to prepare or transmit LP HARQ-ACK before it knows that the LP HARQ-ACK would be multiplex with a HP HARQ-ACK, UE can drop the prepared or transmitted LP HARQ-ACK and then multiplex the LP HARQ-ACK with HP HARQ-ACK after it decodes the DCI1 considering that partial cancellation has been supported in Rel-16.


[bookmark: _Ref68601225]Figure 3: Timeline requirement for channels with different priorities
Proposal 1: For Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities, 
· the multiplexing timeline is defined with reference to the start of a channel which would be used for multiplexing;
· multiplexing timeline should always be satisfied for overlapping channels with different priorities.
Time unit for multiplexing 
In Rel-16, time unit of HARQ-ACK transmission may be different for different priorities and multiplexing is performed only among channels with same priority. However, for multiplexing of different priorities in Rel-17, it is not clear how to determine the multiplexing time unit. It was agreed that PUCCH resource in the second PUCCH-Config is used for multiplexing at least in case the total number of LP and HP HARQ-ACK bits is more than 2. We prefer to apply the same rule for other cases, that is to multiplex UCIs with different priorities on a PUCCH resource with high priority, hence the time unit of high priority PUCCH should be used as the time unit for multiplexing. It was agreed to support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met. Then, for a low priority PUCCH which goes across multiple time units of high priority PUCCH, it is not clear that the low priority PUCCH belongs to which time unit for multiplexing. 
In order to reuse the pseudo code for multiplexing in Rel-16 as much as possible, the following option can be considered. The low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping slot/sub-slot, unless the low priority PUCCH was determined to be dropped or multiplexed with other channels. As an example shown in Figure 4, multiplexing is performed in the first HP sub-slot followed by the second HP sub-slot. In the first HP sub-slot, HP PUCCH-1, HP PUCCH-2 and LP PUCCH-1 are included in Q set, the multiplexing pseudo code of Rel-16 is reused. It is determined that UCI of HP PUCCH-2 is multiplexed on HP PUCCH-1 so that UE has TDMed HP PUCCH-1 and LP PUCCH-1 after the multiplexing procedure of the first HP sub-slot. Then in the second HP sub-slot, LP PUCCH and HP PUCCH-3 are included in Q set, UE determine that UCIs of LP PUCCH-1 is multiplexed on HP PUCCH-3, only HP PUCCH-3 can be transmitted in the second HP sub-slot. 


[bookmark: _Ref68081847]Figure 4: LP PUCCH-1 join the multiplexing procedure of both HP sub-slots
As another example shown in Figure 5, in the first HP sub-slot, HP PUCCH-1, HP PUCCH-2 and LP PUCCH-1 are included in Q set. It is determined that UCIs of HP PUCCH-2 and LP PUCCH-1 are multiplexed on HP PUCCH-1 so that UE has only HP PUCCH-1 after the multiplexing procedure of the first HP sub-slot. Then in the second HP sub-slot, LP PUCCH-1 is not considered in multiplexing any more, and only HP PUCCH-3 is transmitted. 


[bookmark: _Ref68254266]Figure 5: LP PUCCH-1 join the multiplexing procedure of first HP sub-slot only
Proposal 2: The time unit of high priority PUCCH is used as the time unit for multiplexing.
[bookmark: _GoBack]Proposal 3: For a low priority PUCCH which goes across multiple time units for multiplexing, the low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping time unit, unless the low priority PUCCH is determined to be dropped or multiplexed with other channels.
Detailed multiplexing schemes for UCI with different priorities
Multiplexing of 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK
For multiplexing a 1 bit HP HARQ-ACK and a 1 bit LP HARQ-ACK into a PUCCH, it was agreed to further discuss how to multiplex on a PUCCH resource with PUCCH format 0 or PUCCH format 1. In this case, 1 bit HP and 1 bit LP HARQ-ACK can be treated as two HP HARQ-ACK bits and transmitted on the PUCCH resource configured for HP HARQ-ACK. 
Proposal 4: For multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is 2, 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK are treated as two HP HARQ-ACK bits and transmitted on the time-frequency resource for the HP HARQ-ACK transmission.

Multiplexing of HP SR and LP HARQ-ACK
Several options were proposed for the case of HP SR with PF0 overlaps with LP HARQ-ACK with PF0. 
	  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.


For option 1, HP SR resource is used for multiplexing, this ensures that the PUCCH resource after the multiplexing would not go across multiple time units of multiplexing, which could reduce the complexity of multiplexing. 
For option 2 and 3, LP HARQ-ACK resource would be used for multiplexing, which would make the multiplexing more complicated as shown in Figure 6. If a positive HP SR is multiplexed on a LP HARQ-ACK resource, but the PUCCH resource for low priority HARQ-ACK overlaps with a HP HARQ-ACK in another sub-slot, then the three channels should be multiplexed together which makes the multiplexing more complicated. 


[bookmark: _Ref54345472]Figure 6: HP HARQ-ACK/SR is impacted if HP SR is multiplexed on PUCCH resource for LP HARQ-ACK

Similar as the case of HP SR with PF0 overlapping with LP HARQ-ACK with PF0, for the case of HP SR with PF0 overlapping with LP HARQ-ACK with PF1 or for HP SR with PF1 overlapping with LP HARQ-ACK with PF0, we prefer to multiplex positive SR and HARQ-ACK on SR resource. For negative SR, LP HARQ-ACK can be transmitted on PUCCH resource for LP HARQ-ACK. Then, a unified solution can be applied for the cases of overlapping between HP SR and LP HARQ-ACK with PF0/1.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: For multiplexing of HP SR and LP HARQ-ACK with PF0/1, 
· positive SR and HARQ-ACK are multiplexed on the SR resource;
· for negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
For the case of HP SR overlapping with LP HARQ-ACK with PF2/3/4, HARQ-ACK cannot be multiplex on HP SR resource without compression. In order to reduce the complexity, we prefer to drop LP HARQ-ACK for the positive SR, and transmit LP HARQ-ACK on PUCCH resource for LP HARQ-ACK for negative SR.
Proposal 6: For multiplexing of HP SR and LP HARQ-ACK with PF2/3/4, 
· for positive SR, drop LP HARQ-ACK;
· for negative SR, transmit only HARQ-ACK on the HARQ-ACK resource.

Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR
If there is a HP SR to be transmitted together with the HP HARQ-ACK and LP HARQ-ACK, the following options can be considered:
· Option 1: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK
· Option 2: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 0/1 for HP HARQ-ACK
· Option 3: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to an additional configured PUCCH resource for multiplexing of UCI with different priorities.
Option 1 is the most intuitive and simple scheme. Separate coding cannot bring much benefit since there is only 1 bit LP HARQ-ACK, and coding of 1 bit UCI is not supported for UCI transmission on PUCCH. Joint coding can be used in this case to reduce the specification impact.
For option 2, the multiplexing scheme for 2 bits HP HARQ-ACK and 1 bit HP SR can be reused by treating 1 bit LP HARQ-ACK as 1 bit HP HARQ-ACK. But an issue for this option is that there may be misunderstandings between gNB and UE if the DCI corresponding to LP HARQ-ACK is missed by the UE. For example, UE will transmit HP HARQ-ACK and positive SR using sequence cyclic shifts 3/9 when DCI corresponding to LP HARQ-ACK is missed by the UE, and gNB may consider UE receives the DCI corresponding to LP HARQ-ACK and the SR is negative.
For option 3, additional PUCCH resource should be configured for multiplexing UCIs with different priorities. UE can multiplex both HARQ-ACKs and 1 bit HP SR on the additional PUCCH resource if DCI corresponding to LP HARQ-ACK is detected by the UE, the drawback of this option is that additional PUCCH resource is needed.
Hence, option 1 and option 2 can be further discussed, and option 1 is slightly preferred.
Proposal 7: For multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bits HP SR, the following two options can be further considered:
· Option 1: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK
· Option 2: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 0/1 for HP HARQ-ACK

Multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is more than 2
If the total number of HP HARQ-ACK and LP HARQ-ACK bits is more than 2, it was agreed that a PUCCH resource for HP HARQ-ACK can be used for multiplexing. The following options were discussed for multiplexing of HP HARQ-ACK and LP HARQ-ACK:
· Option 1: Joint coding
· Option 2: Separate coding
· Option 3: Combination of 1 and 2.
In order to ensure the reliability of HP HARQ-ACKs, the coding rate of HP HARQ-ACK(s) should remain low. The main advantage of separate coding over joint coding is that different coding rates can be supported for HARQ-ACKs with different priorities to avoid unnecessary low coding rate for LP HARQ-ACK(s), which can improve the resource efficiency in some cases. A special case is when HP HARQ-ACK or LP HARQ-ACK includes only 1 or 2 bits, the coding scheme to be used should be defined if separate coding is used, since there is no coding scheme for UCI with 1 or 2 bits on PUCCH. In addition, if the payload size of LP HARQ-ACK is less than HP HARQ-ACK, separate coding may not bring too much benefit since LP HARQ-ACK may not occupy too many resources.
Joint coding may require less specification efforts since the legacy design can be reused, while new mapping rules need to be defined for separate coding. 
To compare the performance of separate coding and joint coding, we performed some simulations for transmissions of 8 bits HP HARQ-ACK and 48 bits LP HARQ-ACK on a PUCCH format 3 with 14 OFDM symbols (including 2 DMRS symbol). The detailed parameters for different coding schemes are given in Table 1 below and the other simulation assumptions are given in Table 3 in appendix. For separate coding, two cases with different RE allocation for HP and LP HARQ-ACK are assumed.
[bookmark: _Ref68257825]Table 1: Parameters for different coding schemes used in simulation
	
	Joint coding
	Separate coding

	Number of occupied RBs
	3 RBs
	2 RBs

	Number of symbols
	14 symbols (2 DMRS symbols)

	Number of REs used for UCI
	432 REs
	Total 288 REs
· Case 1:
HP HARQ-ACK: 50REs
LP HARQ-ACK: 238REs
· Case 2:
HP HARQ-ACK: 150REs
LP HARQ-ACK: 138REs

	Coding rate
	(8+48+11)/864=0.0775
	· Case 1: 
HP HARQ-ACK: 8/100=0.08
LP HARQ-ACK: (48+11)/476=0.12395
· Case 2: 
HP HARQ-ACK: 8/300=0.02667
LP HARQ-ACK: (48+11)/276=0.21377



The simulation results are shown in Figure 7. 
[image: ]
[bookmark: _Ref68601346]Figure 7: BER performance for joint coding and separate coding

The required SNR to achieve HP UCI BER<=10^-4 and LP UCI BER<=10^-2 for joint coding and separate coding is given in Table 2 below.
[bookmark: _Ref68257804]Table 2: Required SNR and BER for joint and separate coding
	
	Joint coding
(CR=0.0775)
	Separate coding case 1
(HP CR=0.08
LP CR=0.12395)
	Separate coding case 2
(HP CR=0.02667
LP CR=0.21377)

	Required SNR (dB)
	8
	8.2 
	5.2

	HP UCI BER
	10-4
	10-4
	10-4

	LP UCI BER
	
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]3*10-4
	2.8*10-3



For separate coding case 1, the coding rate of HP UCI is similar as the coding rate of joint coding. It is observed that the required SNR of HP UCI is also close to the required SNR of joint coding for BER=10^-4. And at this SNR, the BER of the LP UCI is lower than 10^-3, which is much better than the BER requirement of LP UCI. Hence, the required SNR of joint coding and separate coding case 1 is similar in order to meet the BER requirement of HP UCI and LP UCI. However, 2 RBs are used for separate coding while 3 RBs are used for joint coding, so that separate coding can provide better resource efficiency.
Compared with separate coding case 1, more number of REs is allocated to HP UCI while less number of REs is allocated to LP UCI for separate coding case 2 so that the coding rate of HP UCI of separate coding case 2 is even lower than the coding rate of joint coding. It is observed that the required SNR of HP UCI for BER=10^-4 is about 5.2dB and the BER of LP UCI at SNR=5.2dB is about 2.810^-3 for separate coding case 2 which is better than the required BER. Therefore, the performance of separate coding case 2 is better than joint coding in terms of required SNR in order to meet the BER requirement of both HP UCI and LP UCI. In addition, 2RBs are used for separate coding case 2 while 3 RBs are used for joint coding, so that separate coding can provide both better performance and better resource efficiency than joint coding.
Hence, we propose that separate coding is supported. Besides, joint coding can also be supported at least for the case when HP HARQ-ACK or LP HARQ-ACK includes only 1 or 2 bits.
Proposal 8: For multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is more than 2, combination of joint coding and separate can be supported.

Impact of missing DCIs corresponding to LP HARQ-ACK
In addition, no matter which scheme is used, if DCI(s) corresponding to LP HARQ-ACK codebook are missed at UE side, the transmission of the HP HARQ-ACK codebook would be impacted. The following options can be considered to resolve the issue:
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate whether LP HARQ-ACK is multiplexed with HP HARQ-ACK or indicate T-DAI for LP HARQ-ACK by DCI corresponding to HP HARQ-ACK
For option 1, a reference number of bits for LP HARQ-ACK codebook is determined, which can be different from the actual number of bits of LP HARQ-ACK codebook. For example, the reference number of bits for LP HARQ-ACK codebook can be predetermined or configured by RRC, or implicitly determined by the number of bits for HP HARQ-ACK codebook. UE always transmits the LP HARQ-ACK based on the reference number of bits. Additional bit(s) are appended to the LP HARQ-ACK when the original LP HARQ-ACK codebook size is smaller than the reference number of bits, and LP HARQ-ACK bits are partially dropped when the original LP HARQ-ACK codebook size is larger than the reference number of bits.
For option 2, additional DCI field can be added in DCI for HP HARQ-ACK. But it cannot be applied for semi-static HP PUCCH, this could be resolved by gNB implementation, for example, gNB can avoid scheduling a dynamic LP PUCCH overlaps with a semi-static HP PUCCH, then gNB and UE can always have the same understanding on the multiplexing result.
Proposal 9: The following two options can be considered to avoid the impact on HP HARQ-ACK(s) due to missing DCIs corresponding to LP HARQ-ACK codebook.
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate information for determine the number of LP HARQ-ACK bits by DCI corresponding to HP HARQ-ACK

Indication for enabling or disable multiplexing
It was agreed that a mechanism for gNB to enable/disable the multiplexing is supported. The type of mechanism to enable/disable the multiplexing should be considered. 
Regarding semi-static RRC configuration, it should be supported as a baseline, not only for multiplexing between a high-priority HARQ-ACK and a low-priority HARQ-ACK, but also for all multiplexing between channels with different priorities.
Then if multiplexing between channels with different priorities is enabled, whether multiplexing is always applied can be considered. Considering that the details of multiplexing between channels with different priorities is still being discussed, there may be different conditions or mechanisms to enable/disable the multiplexing for different cases, whether dynamic indication the multiplexing between a high-priority HARQ-ACK and a low-priority HARQ-ACK can be further discussed after a detailed multiplexing rule is defined.
Proposal 10: Semi-static RRC configuration to enable/disable the multiplexing between channels with different priorities is supported.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multiplexing of UCI and PUSCH with different priorities
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For UCI multiplexing on PUSCH, it was agreed to support 0< beta-offset <1 for multiplexing LP HARQ-ACK in a HP PUSCH. To support a mechanism for gNB to enable/disable the multiplexing, beta-offset=0 can be considered. For example, when URLLC PUSCH collides with PUCCH carrying eMBB UCI and the PUSCH resource 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 to provide more scheduling flexibility at gNB side. For type-2 configured grant PUSCH, such dynamic indication can be considered in the activation DCI. For type-1 configured grant PUSCH, only semi-static configuration or predefined rule can be used. 
Proposal 11: A value of zero for beta-offset in a DCI can be used to dynamically indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
Furthermore, considering that the coding rate offset between UCI and data may be different for different priority combination of UCI and PUSCH, the additional configuration of beta-offset values should be introduced for UCI with different priorities multiplexing on a PUSCH. For example, four sets of beta offset values can be configured to the UE to indicate beta offset values for different cases.
In Rel-15, UL DAI in a UL DCI is used to indicate the number of HARQ-ACK bits multiplexed on a PUSCH scheduled by the DCI. To support multiplexing between PUCCH and PUSCH with different priorities, an additional UL DAI bit field can be considered to be added in the UL DCI. Then, one UL DAI bit field is used for indicating information for multiplexing between PUCCH and PUSCH with same priority and the other UL DAI bit field is used for indicating information for multiplexing PUCCH and PUSCH with different priority.
Proposal 12: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on independent beta offsets for different priority combinations of UCI and PUSCH.
Proposal 13: An additional UL DAI bit field can be considered to be added in the UL DCI for multiplexing PUCCH and PUSCH with different priorities.
For overlapping between PUCCH and multiple PUSCHs with different priorities, how to choose the PUSCH for multiplexing needs to be considered. To reduce the impact to HP PUCCH or HP PUSCH, it is preferred that UE first select a PUSCH which has the same priority with the PUCCH. If there is no PUSCH with same priority overlaps with the PUCCH, then UCI can be multiplexed to a PUSCH with different priority when supported.
Proposal 14: For overlapping between PUCCH and multiple PUSCHs with different priorities, it is proposed that UCI of PUCCH is multiplexed on a PUSCH with different priority only when there is no PUSCH with same priority overlaps with the PUCCH.
Simultaneous PUCCH/PUSCH transmission 
It was agreed that simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells for inter-band CA is supported. The feature can be RRC configured within the same PUCCH group. We do not see the benefit of dynamic indication of simultaneous PUCCH/PUSCH transmission, hence it should not be supported.
Proposal 15: Dynamic indication of simultaneous PUCCH/PUSCH transmission is not supported.
For simultaneous PUCCH/PUSCH transmission of same PHY priority, it may not require much extra work to support it. And it may be beneficial for some special cases where UCI may be dropped according to current rules. For example, simultaneous SR and PUSCH can be supported, or when PUSCH resource is limited, simultaneous PUCCH and PUSCH would reduce the impact on the data performance. Hence, we support simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA.
Proposal 16: Simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA can be supported.
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]For simultaneous PUCCH/PUSCH transmission of intra-band CA, it was supported in LTE. In addition, we do not see much difference between simultaneous PUSCH transmissions over different cells and simultaneous PUCCH/PUSCH transmissions over different cells. Hence, we support simultaneous PUCCH/PUSCH transmission for intra-band CA.
Proposal 17: Simultaneous PUCCH/PUSCH transmission for intra-band CA can be supported.
Conclusion
In this contribution, we discuss possible enhancements for intra-UE multiplexing and prioritization and give the following observations and proposals.
[bookmark: _Ref64636111]Observation 1: Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities will introduce more limitation on scheduling for high priority channels in Rel-17.
Observation 2: If the timeline requirement is allowed to be not met, gNB and UE may have different understandings on whether the multiplexing timeline is satisfied and whether the multiplexing should be performed.
Proposal 1: For Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities, 
· the multiplexing timeline is defined with reference to the start of a channel which would be used for multiplexing;
· multiplexing timeline should always be satisfied for overlapping channels with different priorities.
Proposal 2: The time unit of high priority PUCCH is used as the time unit for multiplexing.
Proposal 3: For a low priority PUCCH which goes across multiple time units for multiplexing, the low priority PUCCH joins the multiplexing procedure in each of the overlapping time units for multiplexing from the first overlapping slot, unless the low priority PUCCH was determined to be dropped or multiplexed with other channels.
Proposal 4: For multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is 2, 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK are treated as two HP HARQ-ACK bits and transmitted on the time-frequency resource for the HP HARQ-ACK transmission.
Proposal 5: For multiplexing of HP SR and LP HARQ-ACK with PF0/1, 
· positive SR and HARQ-ACK are multiplexed on the SR resource;
· for negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
Proposal 6: For multiplexing of HP SR and LP HARQ-ACK with PF2/3/4, 
· for positive SR, drop LP HARQ-ACK;
· for negative SR, transmit only HARQ-ACK on the HARQ-ACK resource.
Proposal 7: For multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bits HP SR, the following two options can be further considered:
· Option 1: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 2/3/4 for HP HARQ-ACK
· Option 2: Multiplexing of 1 bit HP HARQ-ACK, 1 bit LP HARQ-ACK and 1 bit HP SR to a PUCCH resource with PF 0/1 for HP HARQ-ACK
Proposal 8: For multiplexing of HP HARQ-ACK and LP HARQ-ACK when total number of bits is more than 2, combination of joint coding and separate can be supported.
Proposal 9: The following two options can be considered to avoid the impact on HP HARQ-ACK(s) due to missing DCIs corresponding to LP HARQ-ACK codebook.
· Option 1: Define a reference number of bits for LP HARQ-ACK codebook
· Option 2: Indicate information for determine the number of LP HARQ-ACK bits by DCI corresponding to HP HARQ-ACK
Proposal 10: Semi-static RRC configuration to enable/disable the multiplexing between channels with different priorities is supported.
Proposal 11: A value of zero for beta-offset in a DCI can be used to dynamically indicate that LP UCI is not multiplexed on the HP PUSCH scheduled by the DCI.
Proposal 12: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on independent beta offsets for different priority combination of UCI and PUSCH.
Proposal 13: An additional UL DAI bit field can be considered to be added in the UL DCI for multiplexing PUCCH and PUSCH with different priority.
Proposal 14: For overlapping between PUCCH and multiple PUSCHs with different priorities, it is proposed that UCI of PUCCH is multiplexed on a PUSCH with different priority only when there is no PUSCH with same priority overlaps with the PUCCH.
Proposal 15: Dynamic indication of simultaneous PUCCH/PUSCH transmission is not supported.
Proposal 16: Simultaneous PUCCH/PUSCH transmission of same PHY priority over different cells for inter-band CA can be supported.
Proposal 17: Simultaneous PUCCH/PUSCH transmission for intra-band CA can be supported.
Reference
1. [bookmark: _Ref68102232]Chairman's Notes RAN1#104-e, 3GPP TSG RAN WG1 Meeting #104-e, e-Meeting, January 25th – February 5th, 2021.
Appendix
[bookmark: _Ref68257786]Table 3: Simulation assumptions for comparison of joint coding and separate coding
	Parameter
	Value

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	Channel model
	TDL-C with delay spread: 300ns

	UE speed
	3 km/h

	Antennas
	1Tx and 2Rx

	SCS
	15 kHz

	Channel estimation
	Practical

	Noise estimation
	ideal

	Frequency hopping
	Off
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