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Introduction
In RAN1#104e, the following were agreed regarding intra-UE multiplexing and prioritization.
	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?



This contribution further discusses issues related to intra-UE multiplexing and prioritization of traffic with different priorities. 
Discussion
1 
2 
Uplink intra-UE multiplexing 
Multiplexing eMBB HARQ-ACK with URLLC UCI and/or data should ensure reliability and latency targets of URLLC traffic. Even if a UE indicates support of multiplexing of UCI/data with different priority values, whether the UE actually does so or prioritizes transmission of PUCCH/PUSCH with larger priority value should be under the control of the network. This can also simplify specification/implementation support for multiplexing as it can leave the decision to the gNB for each scenario and avoid considerations of various conditions, such as whether or not HARQ-ACK with priority 1 is multiplexed in a PUSCH or PUCCH that is within a sub-slot of a PUCCH that the UE would otherwise transmit to provide the HARQ-ACK. The Rel-16 procedures for multiplexing a UCI type can also remain applicable. 
If multiplexing of PUCCHs with different priorities is enabled by the gNB, the overlapping PUCCHs are treated as overlapping PUCCHs with same priority in Rel-16 (i.e. priority does not matter) and multiplexing can follow Rel-16 timeline conditions assuming same priority among overlapping PUCCHs. If there is any concern for latency regarding the UCI in the HP PUCCH, the gNB may not enable such multiplexing. The gNB can separately configure whether or not multiplexing is enabled for UCI from LP PUCCHs to an HP PUCCH or for UCI from HP PUCCHs to an LP PUCCH (subject to timeline conditions). 
Proposal 1: Support multiplexing UCI of different priorities subject to timeline conditions and RRC configuration and/or dynamic indication from gNB.
Supporting UE multiplexing of data/UCI with different priority values may require a UE to multiplex up to 5 UCI types on a same PUCCH and up to 3 UCI types on a PUSCH (“type” is identified by information content and priority) and, due to increased payload, may always require use of a large number of RBs for PUCCH transmission or of a large number of PUSCH REs. A large UCI payload can compromise overall reliability due to a requirement of larger transmission power and a larger number of RBs to achieve a target code rate. A large number of UCI REs can be controlled by a small value of the scaling factor  but that can also lead to limitations when the payload is only due to, e.g., eMBB HARQ-ACK for multiple cells and multiple PDSCH receptions with or without CBG-based HARQ-ACK feedback. Then, in some cases, the RE limitation may result to not multiplexing (or multiplexing) CSI while in other cases it may result to not multiplexing (or multiplexing) HARQ-ACK and corresponding consequences are different. Therefore, in addition to enabling/disabling intra-UE multiplexing, a network should be able to control the UCI types of a first priority that can be multiplexed on a PUCCH/PUSCH of a second priority.
Proposal 2: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
When UCIs with different priorities are multiplexed on a same PUCCH/PUSCH, whether to use separate coding or joint coding was discussed in RAN1#104-e. Both are already supported by a UE (e.g. separate coding is used for multiplexing in the PUSCH and for CSI part 2 in the PUCCH while joint coding is used for multiplexing HARQ-ACK and CSI part 1 in the PUCCH). Separate coding can provide different latency/reliability for different priorities/traffic types and is beneficial from the spectrum efficiency perspective as the coding rate does not need to be the smallest one corresponding to UCI with highest reliability. 
It has been agreed that LP HARQ-ACK can be multiplexed with HP HARQ-ACK and/or SR. Separate coding can be beneficial if LP HARQ-ACK is multiplexed with HP UCI. The agreement for different beta_offset values also assumes separate coding for the PUSCH. For Type-2 HARQ-ACK codebook, the size is determined by the DAI values and a miss detection of a ‘last’ DCI format can lead to UE and gNB have different understanding of the size of HARQ-ACK codebook (e.g. in case of single-cell operation). In such case, separate coding can also help HP UCI detection as corresponding REs may not be affected by an incorrect assumption for the size of the LP HARQ-ACK codebook. Joint coding was also suggested as beneficial for small UCI payloads, such as 1 or 2 LP UCI bits, as a resulting coding gain may provide savings in required power (PUCCH) or number of REs (PUSCH). However, such savings (if any), will be marginal and will complicate the multiplexing procedure without any practical benefit.
To compare the performance of separate coding and joint coding, 6 cases are considered as shown in Table 1.
Table 1. PRB and payload configurations
	Case　
	　Separate/Joint coding
	UCI Payload
	Number of PRB

	1 
	URLLC separate coding
	3
	2

	
	eMBB  separate coding
	8
	1

	
	Joint coding
	11
	3

	2 
	URLLC separate coding
	3
	3

	
	eMBB  separate coding
	8
	1

	
	Joint coding
	11
	4

	3 
	URLLC separate coding
	1
	1

	
	eMBB  separate coding
	8
	1

	
	Joint coding
	9
	2

	4 
	URLLC separate coding
	1
	2

	
	eMBB  separate coding
	8
	1

	
	Joint coding
	9
	3

	5 
	URLLC separate coding
	1
	2

	
	eMBB  separate coding
	4
	1

	
	Joint coding
	5
	3

	6 
	URLLC separate coding
	1
	3

	
	eMBB  separate coding
	4
	1

	
	Joint coding
	5
	4



The BER target for URLLC in case 1, 3 and 5 is 10-4 while the BER target for URLLC in case 2, 4 and 6 is 10-5, the BER target for eMBB is 10-2 for all the cases. RM coding is used and 1 bit URLLC is extended to 3 bits by adding two NACKs in case of separate coding. The remaining parameter settings are listed in Table 2 in the appendix. The simulation results are shown in Figure 1.
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Figure 1
The SNR gain for separate coding is defined as the gap between the SNR point when the BER is 10-4/10-5 for joint coding and the SNR point when the URLLC BER is no larger than 10-4/10-5 and eMBB BER is no larger than 10-2 for separate coding. As shown in Figure 1, at least 1dB SNR gain can be achieved and the maximum SNR gain is 2.5dB. For the same UCI payload, the SNR gain increases as the coding rate of URLLC decreases. For the same BER target, the SNR gain increases as the payload of eMBB increases.
Observation 1: Separate coding shows a gain over joint coding in case of RM coding.
Proposal 3: Support separate coding for UCIs with different priorities multiplexed on a PUCCH format 2/3/4 or a PUSCH.
Regarding the resulting PUCCH resource of multiplexed HP HARQ-ACK and LP HARQ-ACK, in RAN1#104e, it has been agreed to use the HP PUCCH resource at least in case the total number of LP and HP HARQ-ACK bits is more than 2. The case of 2 bits is FFS. The same rule should also apply to the case when the total number of LP and HP HARQ-ACK bits is 2. The HP HARQ-ACK PUCCH resource should be used to ensure the reliability and latency of HP HARQ-ACK. For the multiplexed UCI order, HP HARQ-ACK can be placed before LP HARQ-ACK. For both PUCCH format 0 and 1, modulation of 2 bits HARQ-ACK of a same priority can be reused. 
Proposal 4: Support multiplexing 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK into a HP PUCCH resource, HP HARQ-ACK is placed before LP HARQ-ACK.
· 	For both PUCCH format 0 and 1, modulation of 2 bits HARQ-ACK of a same priority can be reused.

Another issue for multiplexing LP HARQ-ACK and HP HARQ-ACK on a same PUCCH is the supported scenario. There are four cases listed below.
Case a) Multiplexing of LP Type-1 HARQ-ACK codebook and HP Type-1 HARQ-ACK codebook
Case b) Multiplexing of LP Type-2 HARQ-ACK codebook and HP Type-2 HARQ-ACK codebook
Case c) Multiplexing of HP Type-1 HARQ-ACK codebook and LP Type-2 HARQ-ACK codebook
Case d) Multiplexing of HP Type-2 HARQ-ACK codebook and LP Type-1 HARQ-ACK codebook
At least multiplexing of HARQ-ACK codebooks with the same type (Case a) and Case b)) should be supported. As mentioned before, for Type-2 HARQ-ACK codebook, a DCI format miss detection can lead to UE and gNB having different understanding of the size of the HARQ-ACK codebook. How to ensure the reliability of HP UCI and/or data when multiplexed with LP HARQ-ACK needs further discussion at least for Cases b), c) and d). Whether the above cases are enabled can be configured by RRC. If it is not enabled, Rel-16 behavior can apply.
Observation 2: Multiplexing of LP HARQ-ACK codebook and HP HARQ-ACK codebook with same and/or different HARQ-ACK codebook types can be enabled via the configuration for HP/LP multiplexing.
Proposal 5: Consider solutions to ensure the reliability of multiplexing of LP Type-2 HARQ-ACK codebook and HP HARQ-ACK codebook and/or HP data.
In RAN1#104e, multiplexing a low-priority HARQ-ACK PF0/1 and a high-priority SR into a PUCCH for some HARQ-ACK/SR PUCCH format combinations were discussed and quite a few options are given. 
Further, more than two SR PUCCHs overlapping with a LP HARQ-ACK were also discussed in RAN1#104e. That situation also existed in Rel-15 where the UE selects one positive SR to indicate among the overlapping SR configurations. If multiplexing of more than one positive SRs in a same PUCCH is supported in Rel-17, possible solutions should consider how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK. 
Another case is a LP HARQ-ACK PUCCH PF0/1 overlapping with both a HP SR PF0 and a HP SR PF1 and the two SR PUCCHs are not overlapping with each other. As shown in Figure 2, in such case dropping HR SR should be avoided. 
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Figure 2
Optimization for these cases may require a lot of standard efforts with marginal gain. For example, if LP HARQ-ACK (with PF1) is to be multiplexed in the HP SR resource with PF0, there is anyway no reason for the gNB to configure PF1 for the LP HARQ-ACK as such overlapping would always occur and PF0 will end up being used (assuming that the reason for using PF0 for SR is the short periodicity). If the HP SR (with PF0) is to be multiplexed with the LP HARQ-ACK using PF1, there is no reason to have PF0 for the SR. Therefore, it is preferable to maintain Rel-16 operation and drop LP HARQ-ACK PF 1. Droping LP HARQ-ACK only results in up to 2 PDSCH retransmissions in the worst case (and can be avoided by the gNB by configuring PF0 for 1-2 bits of LP HARQ-ACK if the SR needs to use PF0 – coverage is anyway same). Further, if LP HARQ-ACK PUCCH overlaps with both HP SR PUCCH and HP HARQ-ACK PUCCH, all UCI can be multiplexed on a HP HARQ-ACK PUCCH resource. 
Proposal 6: Drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PF0/1 overlaps with a HP SR PUCCH.
For more than 2 bits LP HARQ-ACK, multiplexing of LP HARQ-ACK and HP SR can be supported if the reliability and latency of HP SR can be satisfied. The baseline mechanism is reusing Rel-15 assuming same priority of HARQ-ACK and SR. For the cases where the reliability and/or latency of SR cannot be satisfied, dropping LP HARQ-ACK or simple solutions for multiplexing can be considered. 
In Rel-15, when HARQ-ACK is multiplexed on PUCCH format 2/3/4, overlapped SRs are multiplexed with HARQ-ACK on a HARQ-ACK PUCCH resource. In Rel-17, reusing the Rel-15 mechanism can have reliability and latency issues. For PUCCH format 2, the latency might not be an issue. How to ensure the reliability should be further studied if joint coding is used, e.g., using a lower maxCodeRate. For PUCCH format 3/4, whether the latency is satisfied can depend on the number of symbols of the PUCCH or whether the LP HARQ-ACK is within the HP sub-slot of the overlapping HP SR PUCCH and the reliability issue can be solved similar as PUCCH format 2. 
Proposal 7: Support multiplexing of LP HARQ-ACK and HP SR when HARQ-ACK is transmitted on PUCCH format 2/3/4
· Use Rel-15 mechanism as a baseline assuming HARQ-ACK and SR have the same priority.
· FFS: how to ensure the latency and reliability of HP SR. 
It has been agreed to support multiplexing of LP HARQ-ACK, HP HARQ-ACK and HP SR on a PUCCH. In RAN1#104e, multiplexing of more than two overlapping PUCCHs with different priorities was further discussed. The time unit should be first clarified when solving the collision of more than two overlapping PUCCHs with different priorities. 
In Rel-15, the time unit for solving the collision of multiple PUCCHs is a slot. All the PUCCHs within a single slot is put into a set Q and then PUCCH multiplexing is performed according to the pseudo and order function. 
	TS 38.213 9.2.5 UE procedure for reporting multiple UCI types
…
Set [image: ] to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
-	a resource with earlier first symbol is placed before a resource with later first symbol
-	for two resources with same first symbol, the resource with longer duration is placed before the resource with shorter duration
-	for two resources with same first symbol and same duration, the placement is arbitrary
-	the above three steps for the set [image: ] are according to a subsequent pseudo-code for a function [image: ]
-	a resource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI transmission is excluded from set [image: ] 


In Rel-16, sub-slot was introduced to reduce the latency of URLLC HARQ-ACK feedback and sub-slot length is configured per PUCCH-Config. If UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH as described in TS 38.213.  In Rel-16, PUCCH multiplexing is supported with the same L1 priority and Rel-15 rules are reused with the PUCCH multiplexing time unit replaced by subslotLengthForPUCCH, if provided. 
	TS 38.213 9 UE procedure for reporting control information
…
In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLengthForPUCCH.


In Rel-17, it has been agreed to support multiplexing of HP HARQ-ACK/SR and LP HARQ-ACK on a PUCCH, the time unit for solving the collision of UCI with different L1 priorities needs to be clarified first. The candidates can be a slot (14 symbols for NCP and 12 symbols for ECP), a HP PUCCH time unit, or a LP PUCCH time unit. 
In RAN1#103e, it has been agreed to support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met. A typical configuration is that the HP PUCCH time unit is shorter than the LP PUCCH time unit. There can be three cases need to be considered.
Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resource. 
Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resource. 
Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resource and zero or one HP HARQ-ACK PUCCH resource. 
Observation 3: For determination of the PUCCH time unit for handling PUCCH collisions with different PUCCH time units (i.e. slot and sub-slot PUCCH configuration) of different priorities, when A LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot, at least following cases should be considered.
· Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resource. 
· Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resource. 
· Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resource and zero or one HP HARQ-ACK PUCCH resource. 
· Note: Multiplexing of PUCCH with different priorities is performed within a PUCCH time unit (i.e. either within a slot or a sub-slot). E.g. for each PUCCH time unit, put all the associated PUCCHs (e.g. for a same priority, associated PUCCHs are the PUCCHs within the PUCCH time unit) in the corresponding set Q and then reuse Rel-15/Rel-16 rules.
· Aiming to reuse Rel-15/16 pseudo code for PUCCH multiplexing with limited optimization.
It has been agreed to use HP PUCCH resource for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH. The same rule can apply to the case of multiplexing a high-priority (HP) HARQ-ACK, a low-priority (LP) HARQ-ACK and HP SR(s) into a PUCCH. For case 2) and 3) a LP HARQ-ACK PUCCH can overlap with multiple HP HARQ-ACK PUCCHs, to ensure the latency of HP HARQ-ACK, a preferred solution is multiplexing the LP HARQ-ACK PUCCH and the first overlapped HP HARQ-ACK PUCCH and the result PUCCH should be a HP HARQ-ACK PUCCH. The other overlapped HP HARQ-ACK PUCCHs can be transmitted as well. To adopt this solution, the time unit for PUCCH multiplexing should be the HP PUCCH time unit. If a LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units, the LP HARQ-ACK PUCCH should be put into one of Q sets of the overlapped multiple HP PUCCH time units. Then, Rel-15 rules can be applied.
Proposal 8: The time unit for solving the collision of PUCCHs with different L1 priority indexes should be the HP PUCCH time unit. 
· If a LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units, determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH. 
· FFS details.
Another issue for solving the collision of LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH is the multiplexing order. At least there can be the following options.
Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
Option 2) First, multiplex overlapping HP HARQ-ACK PUCCH and LP HARQ-ACK, then multiplex resulting PUCCH and SR PUCCH (if there is overlapping)
For the above options, Rel-15 UCI multiplexing rules can be reused and potential enhancements can be considered. For example, considering the case in Figure 3. 
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Figure 3
Assume the timeline for multiplexing is satisfied. If Rel-15 UCI multiplexing rules are reused, the orders of the PUCCHs in a set Q are shown in the left figure. HP SR and LP HARQ-ACK will be multiplexed/prioritized first, however, LP HARQ-ACK will be dropped if the latency and/or reliability of HP SR cannot be satisfied. For example, in this case, the latency of HP SR cannot be satisfied if HP SR is multiplexed on the LP HARQ-ACK PUCCH and the LP HARQ-ACK PUCCH should be dropped. An enhanced order function can be considered to increase the transmission opportunity of LP HARQ-ACK as shown in the right figure. For example, HP/LP HARQ-ACK can be placed before HP SR in the set Q. HP HARQ-ACK can be placed before LP HARQ-ACK. With this order, LP HARQ-ACK and HP HARQ-ACK will be multiplexed first on a HP HARQ-ACK PUCCH resource and then HP SR will be multiplexed if it overlaps with the result PUCCH.
Proposal 9: Down select from the following options for multiplexing/prioritizing LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH on a same PUCCH. FFS potential enhancements.
· Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
· Option 2) First, multiplex overlapping HP HARQ-ACK PUCCH and LP HARQ-ACK, then multiplex resulting PUCCH and SR PUCCH (if there is overlapping)
Next we discuss intra-UE multiplexing when there is PUSCH. In Rel-16, multiplexing of overlapping PUCCH(s) and/or PUSCH(s) is performed with the same priority index. This can be used as a starting point for Rel-17 intra-UE multiplexing. After resolving overlapping PUCCH(s) and/or PUSCH(s) with the same priority index, overlapping PUCCH(s) and/or PUSCH(s) with different priority indexes can be resolved.
Proposal 10: Determine order for resolving overlapping among HP/LP PUCCHs and HP/LP PUSCHs.
When a PUCCH overlaps with multiple PUSCHs, how to select one from the multiple PUSCHs to multiplex UCI from an overlapped PUCCH was specified in Rel-15. In Rel-17 the overlapping can be among channels with different priorities and the PUSCH selection can be reconsidered as it can have different outcomes. 
In RAN1#102e, it was agreed to support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA. From a RAN1 perspective, there is no distinction between inter-band and intra-band CA and there is no apparent reason for a UE capable to transmit PUSCH on the PCell and an SCell to not be capable to transmit PUCCH on the PCell and PUSCH on the SCell. If any restriction is needed, that can be addressed by RAN4. To maximize the benefits of simultaneous PUCCH and PUSCH transmissions, that feature should be supported regardless of CA, i.e. it should be supported on the same (primary) cell. It is noted that such support has been specified in LTE. The conditions to actually utilize that feature in NR are substantially improved compared to LTE because (a) the waveform is OFDM, not DFT-S-OFDM, (b) the PUCCH transmission need not be at the edge of the cell bandwidth (even the active UL BWP need not be at the edge of the cell bandwidth), and (c) the PUCCH need not be over one RB (resulting to maximum PSD). An LS to RAN4 would be beneficial to determine MPR requirements for a few cases.
Observation 4: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.
Proposal 11: Send an LS to RAN4 to inquire about the feasibility/MPR for simultaneous PUCCH and PUSCH transmissions on a same cell.
Further, it should be noted that support of simultaneous PUSCH and PUCCH transmissions has nothing to do with whether they are LP or HP. There is no need to change Rel-16 multiplexing procedures by considering only LP vs. HP overlapping. Basically, when a UE supports and is configured for simultaneous PUSCH and PUCCH transmissions, the UE skips the part of the overlapping procedure for multiplexing UCI of an overlapping PUCCH in the PUSCH. 
Observation 5: Support of simultaneous PUCCH and PUSCH transmissions need not have any RAN1 specification impact other than that a UE does multiplex UCI of an overlapping PUCCH in a PUSCH on an SCell (and instead transmits the PUCCH on the primary cell and the PUSCH on the SCell).
When UCI from a PUCCH is multiplexed on a PUSCH, the reliability requirements of the UCI on the PUSCH should be satisfied while maintaining the Rel-16 multiplexing procedure for UCI in a PUSCH. PUSCHs that do not satisfy the reliability requirements should be ineligible for (HP) UCI multiplexing. 
When a LP PUSCH overlaps with a HP PUSCH on a same serving cell, the UE drops the LP PUSCH. If the UE would multiplex UCI in the LP PUSCH, the UCI will also be dropped. To increase the transmission opportunity of UCI, the UE should first determine whether the LP PUSCH is overlapping with another HP PUSCH on a same cell before multiplexing the UCI in the LP PUSCH, subject to timelines).
For example, as shown in Figure 2, a LP PUCCH overlaps with LP PUSCH #1 and LP PUSCH #2. In Rel-16, the UCI from the LP PUCCH should be multiplexed in the PUSCH with the smaller cell index, in this case LP PUSCH #1. However, as there is a HP PUSCH that overlaps with LP PUSCH #1, the UE will drop the LP PUSCH #1 with the LP UCI. Further optimizations can be considered to ensure the reliability of UCI on a LP PUSCH. 
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Figure 4
Proposal 12: For UCI to be multiplexed on a PUSCH, the following conditions should be satisfied. 
· Simultaneous PUSCH and PUCCH transmission does not apply.
· The PUSCH satisfies the reliability requirements of the UCI.
· FFS potential solutions to ensure the reliability of UCI on a LP PUSCH.
Uplink intra-UE prioritization
For intra-UE prioritization of traffic with different priorities, there are two remaining cases from Rel-16. 
Case a) 1st DG PUSCH vs. 2nd CG PUSCH: the 2nd CG PUSCH with priority 1 cancels the 1st DG PUSCH with priority 0.
Case b) 1st CG PUSCH vs. 2nd DG PUSCH: the 2nd DG PUSCH with priority 1 cancels the 1st CG PUSCH with priority 0.
In RAN1#102e, it has been agreed to support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH. For this case, the main issue is to ensure that MAC provides MAC PDU for the prioritized grant before the required timeline for cancelation of the deprioritized grant. If the timeline is not satisfied, MAC should not provide MAC PDU to PHY. For handling prioritization, the MAC entity can use time domain resource allocation information for each grant to check whether or not it is overlapped with other grants. Since the MAC knows the time domain resource allocation for each grant, it is possible for the MAC to ensure that the PHY is able to cancel the 1st LP DG and transmit the 2nd HP CG. 
Proposal 13: If transmission of a CG-PUSCH with priority 1 starts after a transmission of a DG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, the UE is expected to cancel the DG-PUSCH before the first overlapping symbol.
Regarding case b), it was agreed to support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17 in RAN1#103e. A serving gNB can ensure that the cancelation timeline is satisfied considering all the configured grant resources with lower priority; otherwise, case b) can be considered as an error case.
Proposal 14: If transmission of a DG-PUSCH with priority 1 starts after a transmission of a CG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, a UE is expected to cancel the CG-PUSCH before the first overlapping symbol.
Conclusions
This contribution discusses the issues related to intra-UE multiplexing and prioritization of traffic with different priorities. The proposals are summarized below.
Proposal 1: Support multiplexing UCI of different priorities subject to timeline conditions and RRC configuration and/or dynamic indication from gNB.
Proposal 2: The UCI types with first priority that can be multiplexed on a PUCCH/PUSCH of a second priority are configurable by the network.
Observation 1: Separate coding shows a gain over joint coding in case of RM coding.
Proposal 3: Support separate coding for UCIs with different priorities multiplexed on a PUCCH format 2/3/4 or a PUSCH.
Proposal 4: Support multiplexing 1 bit HP HARQ-ACK and 1 bit LP HARQ-ACK into a HP PUCCH resource, HP HARQ-ACK is placed before LP HARQ-ACK.
· [bookmark: _GoBack]	For both PUCCH format 0 and 1, modulation of 2 bits HARQ-ACK of a same priority can be reused.
Observation 2: Multiplexing of LP HARQ-ACK codebook and HP HARQ-ACK codebook with same and/or different HARQ-ACK codebook types can be enabled via the configuration for HP/LP multiplexing.
Proposal 5: Consider solutions to ensure the reliability of multiplexing of LP Type-2 HARQ-ACK codebook and HP HARQ-ACK codebook and/or HP data.
Proposal 6: Drop LP HARQ-ACK PUCCH when a LP HARQ-ACK PF0/1 overlaps with a HP SR PUCCH.
Proposal 7: Support multiplexing of LP HARQ-ACK and HP SR when HARQ-ACK is transmitted on PUCCH format 2/3/4
· Use Rel-15 mechanism as a baseline assuming HARQ-ACK and SR have the same priority.
· FFS: how to ensure the latency and reliability of HP SR.
Observation 3: For determination of the PUCCH time unit for handling PUCCH collisions with different PUCCH time units (i.e. slot and sub-slot PUCCH configuration) of different priorities, when A LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot, at least following cases should be considered.
· Case 1) Each HP sub-slot contains zero or more HP SR PUCCH resource. 
· Case 2) Each HP sub-slot contains zero or one HP HARQ-ACK PUCCH resource. 
· Case 3) Each HP sub-slot contains zero or more HP SR PUCCH resource and zero or one HP HARQ-ACK PUCCH resource. 
· Note: Multiplexing of PUCCH with different priorities is performed within a PUCCH time unit (i.e. either within a slot or a sub-slot). E.g. for each PUCCH time unit, put all the associated PUCCHs (e.g. for a same priority, associated PUCCHs are the PUCCHs within the PUCCH time unit) in the corresponding set Q and then reuse Rel-15/Rel-16 rules.
· Aiming to reuse Rel-15/16 pseudo code for PUCCH multiplexing with limited optimization.
Proposal 8: The time unit for solving the collision of PUCCHs with different L1 priority indexes should be the HP PUCCH time unit. 
· If a LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units, determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH. 
· FFS details.
Proposal 9: Down select from the following options for multiplexing/prioritizing LP HARQ-ACK PUCCH, HP HARQ-ACK PUCCH and HP SR PUCCH on a same PUCCH. FFS potential enhancements.
· Option 1) All PUCCHs are viewed with same priority – Rel-15 multiplexing applies.
· Option 2) First, multiplex overlapping HP HARQ-ACK PUCCH and LP HARQ-ACK, then multiplex resulting PUCCH and SR PUCCH (if there is overlapping)
Proposal 10: Determine order for resolving overlapping among HP/LP PUCCHs and HP/LP PUSCHs.
Observation 4: In RAN1 specifications, there needs to be no differentiation between intra-band CA and inter-band CA for simultaneous PUSCH and PUCCH transmissions from a UE.
Proposal 11: Send an LS to RAN4 to inquire about the feasibility/MPR for simultaneous PUCCH and PUSCH transmissions on a same cell.
Proposal 12: For UCI to be multiplexed on a PUSCH, the following conditions should be satisfied. 
· Simultaneous PUSCH and PUCCH transmission does not apply.
· The PUSCH satisfies the reliability requirements of the UCI.
· FFS potential solutions to ensure the reliability of UCI on a LP PUSCH.
Proposal 13: If transmission of a CG-PUSCH with priority 1 starts after a transmission of a DG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, the UE is expected to cancel the DG-PUSCH before the first overlapping symbol.
Proposal 14: If transmission of a DG-PUSCH with priority 1 starts after a transmission of a CG-PUSCH with priority 0 from a UE on a same serving cell and the two PUSCHs overlap, a UE is expected to cancel the CG-PUSCH before the first overlapping symbol.
Appendix 
Table 2. Parameters of LLS
	Channel
	TDL-C 300ns

	Doppler
	11Hz

	Frequency
	4GHz

	PUCCH format
	2

	Number of symbols
	2

	Antenna
	1Tx, 2Rx

	Numerology
	15kHz, NCP
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