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1. Introduction
At RAN#88e meeting, revised WID on enhanced industrial internet of things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved with the objective as follows [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



In this contribution, we share our views on enhancements for Rel-17 intra-UE multiplexing/prioritization.

2. Discussions
2.1. Multiplexing behavior among PUCCHs with different priorities
	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).



From the above agreement at RAN1#102-e meeting [2], the following cases are prioritized to discuss:
· Case 1: LP HARQ-ACK vs. HP HARQ-ACK
· Case 2: LP HARQ-ACK vs. HP SR
· Case 3: LP HARQ-ACK vs. HP HARQ-ACK vs. HP SR
The FFS points listed in the agreement above should be discussed for each case. In the following, our views are presented for each case respectively.

Case 1: LP HARQ-ACK vs. HP HARQ-ACK
· In case the total number of LP and HP HARQ-ACK bits are more than 2 bits
At RAN1 #104bis-e meeting, the following agreement was achieved for Case 1 [3].
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.
· FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
· (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
· FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.



It is still FFS that encoding scheme for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s) cases. It leads to complexity of spec impact and operation if coding scheme is differentiated based on UCI bit sizes. For simplicity of spec impact and operation, we prefer to adopt separate coding for these cases. On the other hand, we are also open to discuss introduction of joint coding of the cases as it brings better performance for LP UCI according to the companies analysis in RAN1#104bis-e meeting.

Proposal 1:
· It is preferred to support separate coding for the case where either of HP HARQ-ACK or LP HARQ-ACK is 1-2 bit(s) when the combined UCI bits are more than 2 bits, while we are open to discuss introduction of joint coding for the cases.

Regarding the working assumption for CSI dropping, it can be confirmed as agreements since priority of CSI on PUCCH is always low priority in Rel-16 and reusing the encoder for CSI should be necessary for less implementation cost at UE. For the remaining two FFS points about the rate matching equation and mapping rules, we are basically fine with reusing the rate-matching equation and mapping rules. Based on the existing output sequence for HARQ-ACK and CSI, the following equation in Table.1 can be considered. It is assumed that separate coding rates are applied to HP UCI and LP UCI for reliability protection. In order to guarantee reliability for HP UCI, it’s better to keep HP UCI coding rate same as before multiplexing. LP UCI coding rate can be determined by a scaling factor and HP UCI coding rate, e.g. scaling factor alpha_LP_HP = LP UCI coding rate/HP UCI coding rate.

Table. 1 rate matching output sequence for separate coding of HP and LP UCIs
	UCI(s) multiplexing
	UCI for encoding
	Value of 

	HP UCI, LP UCI
	HP UCI
	

	
	LP UCI
	



Proposal 2:
· Agree the working assumption for CSI dropping with small modification for rate-matching output sequence equation for separate coding of HP and LP HARQ-ACKs when the combined UCI bits are more than 2 bits.

Proposal 3:
· For separate coding, a scaling factor can be introduced for HP and LP UCI coding rate determination.

Furthermore, more effective resource allocation can be obtained by separate coding with enhancement on PUCCH resource determination. In Rel-16, PUCCH resource selection and PRB determination are based on UCI payload size.  If simply using total UCI bits of HP and LP HARQ-ACK for resource determination, difference of required REs for same UCI payload with different coding rate is not addressed. Therefore, an effective UCI payload size  can be introduced for PUCCH resource selection and PRB determination procedure, where  is determined by HP UCI payload size, LP UCI payload size, HP UCI coding rate for multiplexing, LP UCI coding rate for multiplexing, and also additional CRC bits introduced by separate coding. 
Proposal 4:
· For separate coding, an effective UCI payload size  is introduced for PUCCH resource selection and PRB determination procedure, where  is determined by HP UCI payload size, LP UCI payload size, HP UCI coding rate for multiplexing, LP UCI coding rate for multiplexing, and also additional CRC bits introduced by separate coding. 

Besides, it should be discussed how to obtain number of PRBs for PF2/3 in case of separate coding. In order to take separate coding rate for HP and LP UCI into account, the existing PRB determination equation should be modified as follows:
· If   , 
· PRB number is determined as the minimum number of , satisfying  ;
· Otherwise, 
· PRB number is determined as .
The coding rate for HP and LP UCI can be determined as presented above for PUCCH resource set selection.
Proposal 5:
· For PRB determination for separate coding, introduce the following procedure:
· If   , 
· PRB number is determined as the minimum number of , satisfying  ;
· Otherwise, 
· PRB number is determined as .

· In case the total number of LP and HP HARQ-ACK bits is 2 bits
At RAN1 #103-e meeting, the following agreement was made for Case 1 [4].
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2 bits, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1



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, it needs to be clarified on which PUCCH resource the overlapping HARQ-ACKs are multiplexed. A PUCCH resource, which is suitable for meeting the stringent URLLC latency and reliability requirement, should be selected for the multiplexing. As PUCCH resource sets are configured in PUCCH-Config per priority, the PUCCH resource should be one of PUCCH resource sets for URLLC considering the URLLC requirement. Based on this basic concept, it can be proposed that the PUCCH resource for HP HARQ-ACK is used for multiplexing LP and HP HARQ-ACK. 
Proposal 6:
· PUCCH resource for HP HARQ-ACK is used for multiplexing LP HARQ-ACK and HP HARQ-ACK when total UCI bit size is 2bits.

· Activation scheme for multiplexing LP HARQ-ACK and HP HARQ-ACK
At RAN1#104-e meeting, the following agreement was achieved for activation scheme for Case 1 [5].
	Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.


The key point is whether to support DCI indication and/or RRC configuration for enabling/disabling multiplexing of different priority HARQ-ACKs. Dynamic DCI indication based enabling/disabling has more flexibility with more complexity. If DCI associated with HARQ-ACK is used to indicate multiplexing or prioritization, it can’t be applied for SPS HARQ-ACK without corresponding DCI, and for HARQ-ACK associated with fallback DCI. The case would be more complicated if indication among DCI(s) associated with HP HARQ-ACK and DCI(s) associated with LP HARQ-ACK are different. Moreover, understanding ambiguity between gNB and UE may occur considering possible DCI miss-detection. Semi-static RRC based enabling/disabling leads to simpler operation without any understanding ambiguity between gNB and UE. Thus, we prefer to support RRC configuration as baseline. Note that this is similar behaviour as beta-offset for UCI on PUSCH.

Proposal 7:
· RRC configuration should be baseline for enabling/disabling multiplexing of LP and HP PUCCH

Case 2: LP HARQ-ACK vs. HP SR
・PUCCH resource selection
At RAN1#104-e meeting, the following agreements were achieved for PUCCH resource selection for 1) HP SR with PF0 vs. LP HARQ-ACK with PF0, 2) HP SR with PF0 vs. LP HARQ-ACK with PF1, and 3) HP SR with PF1 vs. LP HARQ-ACK with PF0. We share our views on each case including other collision cases with different combinations of PFs below.
	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?



As it is important to meet the URLLC latency and reliability requirement, PUCCH resource for the multiplexing should be PUCCH resource configured for URLLC. Based on this basic principle, the following UE behavior can be proposed for multiplexing eMBB HARQ-ACK and URLLC SR:

Table.2 collision handling between eMBB HARQ-ACK and URLLC SR
	
	URLLC SR PF0
	URLLC SR PF1

	eMBB HARQ-ACK PF0
	· Opt.1b: For positive SR, same as Rel-15/16 multiplexing for same priority to multiplex eMBB HARQ-ACK bit(s) and URLLC SR bit, but transmitted on URLLC SR PF0 resource. For negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
	· Opt 3: eMBB HARQ-ACK transmitted on URLLC PF1 resource if URLLC SR positive, while eMBB HARQ-ACK transmitted on eMBB PF0 resource if URLLC SR negative.

	eMBB HARQ-ACK PF1
	· Opt.1b/Opt.3: eMBB HARQ-ACK transmitted on URLLC PF0 resource if URLLC SR positive, while eMBB HARQ-ACK transmitted on eMBB PF1 resource if URLLC SR negative.
	· Same as Rel-15/16 multiplexing for same priority, i.e transmit eMBB HARQ-ACK on HARQ-ACK resource if SR negative, transmit eMBB HARQ-ACK on SR resource if SR positive.

	eMBB HARQ-ACK PF2/3/4
	· Opt 1: If latency and reliability condition satisfied for eMBB HARQ-ACK resource, URLLC SR is appended after eMBB HARQ-ACK and transmitted on eMBB HARQ-ACK resource. Otherwise, eMBB HARQ-ACK is dropped and URLLC SR is transmitted.
· Opt 2: eMBB HARQ-ACK is dropped and URLLC SR is transmitted.



For eMBB HARQ-ACK of PF0 vs. URLLC SR of PF0 collision case, among the options listed in the agreement, Opt.1 should be down-selected since Opt.2 leads to latency impact to URLLC SR and Opt.3 brings no benefit. Note that enhancement should be introduced since this collision case is not a corner case. Then, among the sub-options of Opt.1, Opt.1c would be meaningless as gNB can interpret whether SR is positive or negative from the cyclic shift value in the Rel-15 rule. Opt.1b seems simpler and more suitable compared to Opt.1a since PUCCH resource and coding rate configured for eMBB HARQ-ACK is used for HARQ-ACK transmission.
As for eMBB HARQ-ACK of PF0 vs. URLLC SR of PF1 collision case, Opt.3 should be down-selected among the options listed in the agreement. Opt.2 would result in performance degradation since URLLC SR is originally transmitted on PF1 with longer symbols and lower reliability because the target coding rate relies on eMBB PUCCH resource. Opt.1 can resolve the issues but Opt.3 seems simpler and more suitable since PUCCH resource and coding rate configured for eMBB HARQ-ACK is used for HARQ-ACK transmission when SR is negative.
Similarly, for eMBB HARQ-ACK of PF1 vs. URLLC SR of PF0 collision case, Opt.1 and Opt.3 can be considered. Opt.1a is to multiplex eMBB and SR UCIs on URLLC PF0 resource by cyclic shift method. Opt.1b/Opt.3 is similar to Rel-15/16 UE behavior on SR PF1 vs. HARQ-ACK PF1 collision case. For example, eMBB HARQ-ACK is transmitted on URLLC PF0 resource if URLLC SR positive, while eMBB HARQ-ACK is transmitted on eMBB PF1 resource if URLLC SR negative. Opt.1b/Opt.3 seems simpler and more suitable compared to Opt.1a since PUCCH resource coding rate configured for eMBB HARQ-ACK is used for HARQ-ACK transmission.
For eMBB HARQ-ACK of PF1 vs. URLLC SR of PF1, the same Rel-15/16 UE multiplexing behavior can be reused.
For eMBB HARQ-ACK of PF2/3/4 vs. URLLC SR of PF0/1 collision cases, also two options can be considered. Opt 1 is the same as Rel-15/16 multiplexing for same priority. Latency and reliability requirement should be guaranteed for URLLC SR. Opt 2 is simpler without checking any condition, URLLC SR is always transmitted and eMBB HARQ-ACK is always dropped.  
Regarding other FFS point such as encoding scheme and enabling/disabling scheme, the scheme proposed above for multiplexing of HARQ-ACKs with different priorities can be used for this case.

Proposal 8:
· UE behavior for multiplexing eMBB HARQ-ACK and URLLC SR listed in the table can be a baseline. Further considerations are needed for down-selection.

Case 3: LP HARQ-ACK vs. HP HARQ-ACK vs. HP SR
For overlapping of UCI with different priorities in Rel-16, first resolve multiplexing among one priority, then conduct intra-UE prioritization for overlapping of different priorities. Similar order can be considered for multiplexing LP HARQ-ACK vs. HP HARQ-ACK vs. HP SR, i.e. multiplexing within one priority, then multiplexing between different priorities. For multiplexing between different priorities, the case is similar to Case 1.
· Step 1: multiplexing of HP HARQ-ACK and HP SR by following Rel-16 procedure
· Step 2: multiplexing of the outcome of step 1 and LP HARQ-ACK by following Case 1.

Proposal 9:
· For collision handling among LP HARQ-ACK, HP HARQ-ACK, and HP SR, following UE behaviour is proposed:
· Step 1: multiplexing of HP HARQ-ACK and HP SR by following Rel-16 procedure.
· Step 2: multiplexing of the outcome of step 1 and LP HARQ-ACK by following Case 1.

2.2. Multiplexing behavior among PUCCH and PUSCH with different priorities
From the agreement at the RAN1#102-e meeting, the following cases are prioritized to discuss:
· Case 1: LP HARQ-ACK vs. HP PUSCH
· Case 2: LP PUSCH vs. HP HARQ-ACK
· Case 3: LP HARQ-ACK vs. HP PUSCH vs. HP HARQ-ACK and/or CSI
· Case 4: LP PUSCH vs. LP HARQ-ACK and/or CSI vs. HP HARQ-ACK
At the last meeting, it was agreed to support beta-offset values between 0 and 1. FFS points are 1) whether to introduce a dedicated value such as 0 or -1 in order to dynamically disable multiplexing UCI on PUSCH of different priorities, and 2) configuration structure of beta-offset values. For the first one, we think such a dynamic disabling mechanism is useful to ensure reliability of HP PUSCH. For example, it may be beneficial to dynamically disable multiplexing UCI on PUSCH of different priorities for retransmission of HP CG PUSCH.

Proposal 10:
Support beta-offset =0 or a value disabling the UCI multiplexing on PUSCH of different priorities

Regarding the second FFS point, whether to use the existing beta-offset value range (i.e. 1  beta-offset    126) or new range (i.e. 0 < beta-offset < 1) depends on collision cases. For example, for Case 1, as the reliability of HP PUSCH needs to be ensured, the new beta-offset range should be suitable to limit REs to be used for LP HARQ-ACK. Case 2 and Case 4 may not require new beta-offset range since no need to limit allocated REs for UCI. For Case 3, different beta-offsets should be used for different multiplexing, i.e. existing beta-offset range for multiplexing of HP PUSCH vs. HP HARQ-ACK and/or CSI, and new beta-offset range for multiplexing the outcome of HP channels vs. LP HARQ-ACK. Different configuration for beta-offsets would be required to achieve such a UE behavior. One way to introduce the different configuration is to add another RRC parameter (e.g. betaOffsetsForDiffPriority-r17) from betaOffsets in UCI-OnPUSCH and/or betaOffsetsForDCI-Format0-2-r16 in UCI-OnPUSCH-ForDCI-Format0-2-r16. Then, UE uses different beta-offset values for different multiplexing with the two parameters.
Regarding other FFS points including encoding scheme for different priority UCIs and enabling/disabling scheme, the scheme proposed above for multiplexing of PUCCHs with different priorities can be used for this case.

Proposal 11:
· Introduce new RRC parameter for the new beta-offset range (i.e. 0 < beta-offset < 1) in order to let UE to use different beta-offset values for different multiplexing scenario.

2.3. Multiplexing for overlapping of more than two PUCCHs/PUSCHs 
For a general overlapping case if there is overlapping of more than two PUCCHs/PUSCHs with same and different priorities (for example as shown in Fig.1), UE behavior needs to be clarified. 
[image: ]
Fig.1: overlapping of more than two PUCCHs/PUSCHs with same and different priorities
Two options can be considered:
· Option 1: Resolve overlapping among HP and LP PUCCHs first. Then resolve PUCCH and PUSCH overlapping.
[image: ]
Fig.2: Processing of option 1
· Option 2: Resole overlapping among UL channels with the same priority (as in Rel-16) first. Then resolve overlapping among different priorities.
 [image: ]
Fig.3: Processing of option 2

In the following, we introduce the details of each option:
Option 1
For option 1, two alternatives are possible for Step 1 in Fig.2 to resolve overlapping among HP and LP PUCCHs.
· Alternative 1 for Step 1: First step to do multiplexing of PUCCHs per priority. Second step to do multiplexing of PUCCHs with different priorities. 
· Alternative 2 for Step 1: Overlapping HP and LP PUCCHs are mixed as one set Q for PUCCH overlapping handling.
There may be four possible PUCCH and PUSCH overlapping cases after Step 1 and need to be considered in Step 2 in Fig.2.
· Case 1-1: Overlapping only for the same priority, e.g. HP PUCCH vs. HP PUSCH(s), or LP PUCCH vs. LP PUSCH(s).
· Case 1-2: Overlapping only for different priorities, e.g. HP PUCCH vs. LP PUSCH(s), or LP PUCCH vs. HP PUSCH(s).
· Case 1-3: Overlapping for both same and different priorities, e.g. HP/LP PUCCH vs. {both LP PUSCH(s) and HP PUSCH(s)}
· Case 1-4: Overlapping of PUCCH including HP and LP UCI with both LP PUSCH(s) and HP PUSCH(s).
For case 1-1, multiplexing of this case can be handled by Rel-16 UCI multiplexing on PUSCH rules. 
For case 1-2, if there are multiple PUSCHs with overlapping with the PUCCH, e.g. multiple HP PUSCHs overlapping with the HP PUCCH, on which LP PUSCH the HP PUCCH will be multiplexed needs to be clarified. In Rel-16, a rule is defined for multiplexed PUSCH selection when PUCCH overlaps with more than one PUSCHs. It is uncertain whether the Rel-16 rule can directly be reused for PUCCH multiplexed on PUSCH with different priorities because latency and requirement condition are required for multiplexing between different priorities. For example in Fig.4, DG PUSCH#2 will be selected for PUCCH multiplexing if following Rel-16 rule. However, it may not fulfill multiplexing condition (e.g. latency condition is not satisfied since ending symbol of DG PUSCH#2 is later than ending symbol of HP PUCCH.)  Therefore, we need to discuss whether Rel-16 multiplexed PUSCH selection rule to be reused, or a new rule (e.g. based on PUSCH ending symbol, or PUSCH code rate, etc. for latency and reliability consideration) to be applied if HP PUCCH overlapping with more than one PUSCHs with different priorities is supported. If the Rel-16 rule is reused, whether the rule is used before or after excluding overlapping PUSCHs that does not satisfy the multiplexing condition also needs to be discussed.
[image: ]
Fig.4: collision of more than one PUSCHs and PUCCH with different priorities (case 1-2)

For case 1-3, it is more reasonable to multiplex the PUCCH on one of the PUSCH(s) with the same priority.
For case 1-4, if an PUCCH including both HP and LP UCI (e.g. resulted from HP and LP UCI multiplexing) overlaps with HP and LP PUSCHs simultaneously (for example as shown in Fig. 5), there are two possible behaviors for UCI multiplexing:
· Alt. 1: HP and LP UCI will be multiplexed to the same PUSCH.
· Alt. 2: HP UCI is multiplexed to one of the overlapping HP PUSCHs. LP UCI is multiplexed to one of the overlapping LP PUSCHs.
[image: ]
Fig.5: PUCCH including HP and LP UCI overlapping with HP and LP PUSC(s) (case 1-4)

Option 2
For option 2, after multiplexing of the same priorities in Step 1 in Fig.3, there are two possible overlapping cases of different priorities:
· Case 2-1: Only PUCCH/PUSCH overlapping for different priorities, HP/LP PUCCH vs. LP/HP PUSCH(s).
· Case 2-2: Simultaneous PUCCH/PUCCH and PUCCH/PUSCH overlapping for different priorities, e.g. HP PUCCH overlaps with LP PUCCH and LP PUSCH simultaneously (for example as shown in Fig.6) .

For case 2-1, it is similar to above case 1-2.
For case 2-2, it needs to be clarified whether PUCCH multiplexing of the different priorities is done first, or PUCCH/PUSCH multiplexing of different priorities is done first for such cases.
[image: ]
Fig.6:  Simultaneous PUCCH/PUCCH and PUCCH/PUSCH overlapping for different priorities (case 2-2)

Proposal 12:
For overlapping of more than two PUCCHs/PUSCHs with same and different priorities, two options should be considered for multiplexing:
· Option 1: Resolve overlapping among HP and LP PUCCHs first. Then resolve PUCCH and PUSCH overlapping.
· Option 2: Resole overlapping among UL channels with the same priority (as in Rel-16) first. Then resolve overlapping among different priorities.

Proposal 13: 
For the case when one PUCCH overlaps with multiple PUSCHs of the different priority, how to select the multiplexed PUSCH needs to be discussed.

Proposal 14: 
For the case when one PUCCH including HP and LP UCI overlaps with multiple HP and LP PUSCHs , how to multiplex HP and LP UCI needs to be discussed.

Proposal 15: 
For the case when one HP/LP PUCCH overlapping with a LP/HP PUCCH overlaps with LP/HP PUSCH(s) simultaneously, multiplexing behavior needs to be clarified.

2.4. Processing order of intra-UE multiplexing with different priorities and cancellations
The processing order of intra-UE multiplexing with different priorities and cancellations due to dynamic SFI/UL CI/semi-static DL symbols and SSB should be considered. This issue is similar to the discussion for intra-UE multiplexing with same priority in [6]. In the following, we explain the issue using dynamic SFI as an example. If there are overlapping UL channels with different priorities and either of them is overlapped with resource indicated as dynamic DL symbol by dynamic SFI, there are two possible outcomes as Fig.7 shows;
· Possible outcome #1: HP HARQ-ACK is transmitted if UL cancellation by dynamic SFI is performed first
· Possible outcome #2: both HP and LP HARQ-ACK are transmitted if intra-UE multiplexing with different priorities is performed first and then the cancellation by dynamic SFI is performed assuming the multiplexing outcome is not overlapped with the indicated resource by dynamic SFI.
In this case, the possible outcome #2 results in better resource efficiency as both HP and LP HARQ-ACK are transmitted. However, appropriate processing order should depend on overlapping cases. The key point is that, RAN1 should clarify the processing order to avoid understanding ambiguity between gNB and UE. One promising approach is to follow Rel-16 behaviour, i.e. intra-UE multiplexing is performed first and then cancellation is performed.


[image: ]
Fig.7 collision handling of DG PUSCH/CG PUSCH/UCI

Proposal 16:
· Discuss processing order of intra-UE multiplexing with different priorities and cancellation due to dynamic SFI/UL CI/semi-static TDD and SSB.

2.5. Collision between DG and CG PUSCH with different priorities
At RAN1#102-e and #103-e meetings, the following agreements are made to support PHY prioritization between overlapping DG PUSCH and CG PUSCH:
	Agreements: (at RAN1#102-e)
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: (at RAN1#103-e)
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.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.



However, the issues related to overlapping DG PUSCH and CG PUSCH with same priority and with different priorities were also discussed in [7]-[9], respectively. In the following, we summarize Rel-16 UE behavior in case of DG PUSCH, CG PUSCH, and UCI overlapping in order to clarify whether PHY prioritization is needed or not.

A) same priority case with UL skipping
· Case A-1: Only DG PUSCH overlapping with PUCCH
· MAC generates MAC one PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. Even if UL skipping is enabled, DG PUSCH is not skipped when it is overlapping with UCI.
· Case A-2:Only CG PUSCH overlapping with PUCCH
· MAC generates MAC one PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. CG PUSCH is not skipped when it is overlapping with UCI.
· Case A-3:DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· MAC generates one MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· Case A-4:DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH
· MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· Case A-5:DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH
· MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. 
· Case A-6: DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH
· Case A-6-a: One or more CG PUSCH(s) overlap with a PUCCH on a same serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH
· MAC generates MAC PDU for the DG PUSCH if there is data and the UCI is transmitted on the PUCCH
· Case A-6-b: One or more CG PUSCH(s) overlap with a PUCCH on different serving cells, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH
· MAC generates MAC PDU for the DG PUSCH if there is data and the UCI is transmitted on the PUCCH
· Case A-6-c: One or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH
· MAC generates MAC PDU for DG PUSCH on the first cell if there is data. MAC does not generate MAC PDU for CG PUSCH overlapping with the DG PUSCH on the same cell.
· MAC generates MAC PDU for CG PUSCH on the second cell and UCI is multiplexed on the CG PUSCH, which is not overlapping with any DG PUSCH

B) different priority case
Firstly the following conclusion was made at RAN1 #102-e meeting:
	Conclusion 
For the collision between DG PUSCH and CG PUSCH with different priorities, the DG PUSCH can be scheduled overlapping in time with CG PUSCH occasion if Rel-15 timeline satisfies.


This conclusion covers collision between HP DG PUSCH vs. LP CG PUSCH and LP DG PUSCH vs. HP CG PUSCH. More precisely, MAC PDU is delivered to only HP channel and thus LP channel is ignored or overwritten by MAC in Rel-16. 
Besides, the following three cases are being discussed for collision among DG PUSCH/CG PUSCH/UCI with different priorities but no conclusion is made yet. For the three cases, there would be possibility that only one MAC PDU is delivered to PHY as the conclusion above for DG PUSCH and CG PUSCH collision case or more than one MAC PDUs are delivered to PHY.  Which is supported depends on the outcome from the discussion. 

[image: ] 　	　Case B-1			      Case B-2			 Case B-3
[image: ][image: ]





If the conclusion for B-1/B-2/B-3 in the RAN1 Rel-16 discussion is that MAC delivers only one PDU to PHY, we don’t think PHY prioritization is needed. If the conclusion in the RAN1 Rel-16 discussion is that more than one MAC PDUs can be delivered to PHY, there is no doubt that PHY prioritization should be introduced and it will bring better performance. Therefore, we propose to wait for the Rel-16 discussion outcome and only continue to discuss the details of PHY prioritization if there is any case where more than one MAC PDUs can be delivered to PHY.

Proposal 17:
· Wait for Rel-16 discussion outcome on DG PUSCH/CG PUSCH/UCI collision handling
· If only one MAC PDU is delivered to PHY for all the collision cases, no need to further discuss PHY prioritization between DG PUSCH and CG PUSCH with different priorities.

2.6. Simultaneous PUCCH and PUSCH on different carriers
At RAN1#104-e meeting, it was agreed to support RRC configuration per PUCCH group for simultaneous PUCCH and PUSCH transmission of different priorities on different cells for inter-band CA. However, it is still FFS whether to support the simultaneous transmission for the case where PUCCH and PUSCH are of same priority. In Rel-16, if a total UE transmit power for PUSCH, PUCCH, PRACH, or SRS on transmissions on serving cells would exceed the maximum transmit power, the UE allocates power to the channels/signals according to the following order:
· PRACH on the PCell
· PUCCH or PUSCH with higher priority
· For PUCCH or PUSCH with same priority
· PUCCH with HARQ-ACK, and/or SR, and/or LRR, or PUSCH with HARQ-ACK
· PUCCH with CSI or PUSCH with CSI
· PUSCH without HARQ-ACK or CSI and, for Type-2 random access procedure, PUSCH on the PCell
· SRS, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell.
With this allocation rule, if the simultaneous transmission is supported for same priority case and UE is power limited, there is possibility that PUSCH performance degrades due to less transmission power. On the other hand, if the simultaneous transmission is not supported for same priority case, the potential problem does not occur since PUCCH is multiplexed on PUSCH and PUSCH with UCI has higher priority for the power allocation. Therefore, we prefer not to introduce the simultaneous PUCCH/PUSCH transmission for same priority case.

Proposal 18:
Not to introduce the simultaneous PUCCH and PUSCH transmission for same priority case.

Besides, PHR for PUCCH and PUSCH transmission should be discussed. It is assumed that PUCCH is transmitted on PCC and PUSCH is transmitted on SCC. While there is PHR type for PUSCH transmission only, no PHR type for PUCCH transmission is defined in NR. Two possible solutions can be considered; one is to simply introduce new PHR type for PUCCH transmission based on the equation of PUCCH transmission power defined in section 7.2 of 38.213, and the other is to modify LTE type 2 PHR. In LTE, PHR for PUCCH and PUSCH transmission on same CC is defined as Type 2 PHR. As no PUSCH is assumed to be transmitted on PCC by Rel-17 simultaneous transmission, PHR for PUSCH of LTE Type 2 PHR can be replaced by virtual PHR.
Proposal 19:
Support PHR for simultaneous PUCCH and PUSCH transmission on different carriers.

Another aspect to be considered is that the maximum number of supported CCs for simultaneous PUCCH and PUSCH transmission per UE. As UE is able to support simultaneous PUCCH and PUSCH transmission on different PUCCH groups, the number of supported CCs should be defined based on UE capabilities related to PUCCH groups and the new capability. For example, if the new capability is reported per FS with X CCs and two PUCCH groups with different numerology are supported at the same time, the total number of supported CCs that UE can simultaneously transmit PUCCH and PUSCH across CCs can be maximum number of either reported value, i.e. max(X, 2). Note that the number should depend on how the number of supported CCs is reported by the new capability.

Proposal 20:
Discuss the interaction between capabilities for two PUCCH groups and the new capability for simultaneous PUCCH/PUSCH transmission on different carriers.

3. Conclusion
In this contribution, we proposed followings for intra-UE UL multiplexing/prioritization enhancements.
Proposal 1:
· It is preferred to support separate coding for the case where either of HP HARQ-ACK or LP HARQ-ACK is 1-2 bit(s) when the combined UCI bits are more than 2 bits, while we are open to discuss introduction of joint coding for the cases.
Proposal 2:
· Agree the working assumption for CSI dropping with small modification for rate-matching output sequence equation for separate coding of HP and LP HARQ-ACKs when the combined UCI bits are more than 2 bits.
Proposal 3:
· For separate coding, a scaling factor can be introduced for HP and LP UCI coding rate determination.
Proposal 4:
· For separate coding, an effective UCI payload size  is introduced for PUCCH resource selection and PRB determination procedure, where  is determined by HP UCI payload size, LP UCI payload size, HP UCI coding rate for multiplexing, LP UCI coding rate for multiplexing, and also additional CRC bits introduced by separate coding. 
Proposal 5:
· For PRB determination for separate coding, introduce the following procedure:
· If   , 
· PRB number is determined as the minimum number of , satisfying  ;
· Otherwise, 
· PRB number is determined as .
Proposal 6:
· PUCCH resource for HP HARQ-ACK is used for multiplexing LP HARQ-ACK and HP HARQ-ACK when total UCI bit size is 2bits.
Proposal 7:
· RRC configuration should be baseline for enabling/disabling multiplexing of LP and HP PUCCH
Proposal 8:
· Agree the table for UE behavior on multiplexing eMBB HARQ-ACK and URLLC SR as a baseline. Further considerations are needed for down-selection.
	
	URLLC SR PF0
	URLLC SR PF1

	eMBB HARQ-ACK PF0
	· Opt.1b: For positive SR, same as Rel-15/16 multiplexing for same priority to multiplex eMBB HARQ-ACK bit(s) and URLLC SR bit, but transmitted on URLLC SR PF0 resource. For negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
	· Opt 3: eMBB HARQ-ACK transmitted on URLLC PF1 resource if URLLC SR positive, while eMBB HARQ-ACK transmitted on eMBB PF0 resource if URLLC SR negative.

	eMBB HARQ-ACK PF1
	· Opt.1b/Opt.3: eMBB HARQ-ACK transmitted on URLLC PF0 resource if URLLC SR positive, while eMBB HARQ-ACK transmitted on eMBB PF1 resource if URLLC SR negative.
	· Same as Rel-15/16 multiplexing for same priority, i.e transmit eMBB HARQ-ACK on HARQ-ACK resource if SR negative, transmit eMBB HARQ-ACK on SR resource if SR positive.

	eMBB HARQ-ACK PF2/3/4
	· Opt 1: If latency and reliability condition satisfied for eMBB HARQ-ACK resource, URLLC SR is appended after eMBB HARQ-ACK and transmitted on eMBB HARQ-ACK resource. Otherwise, eMBB HARQ-ACK is dropped and URLLC SR is transmitted.
· Opt 2: eMBB HARQ-ACK is dropped and URLLC SR is transmitted.


Proposal 9:
· For collision handling among LP HARQ-ACK, HP HARQ-ACK, and HP SR, following UE behaviour is proposed:
· Step 1: multiplexing of HP HARQ-ACK and HP SR by following Rel-16 procedure.
· Step 2: multiplexing of the outcome of step 1 and LP HARQ-ACK by following Case 1.
Proposal 10:
· Support beta-offset =0 or a value disabling the UCI multiplexing on PUSCH of different priorities
Proposal 11:
· Introduce new RRC parameter for the new beta-offset range (i.e. 0 < beta-offset < 1) in order to let UE to use different beta-offset values for different multiplexing scenario.
Proposal 12:
For overlapping of more than two PUCCHs/PUSCHs with same and different priorities, two options should be considered for muliplexings:
· Option 1: Resolve overlapping among HP and LP PUCCHs first. Then resolve PUCCH and PUSCH overlapping.
· Option 2: Resole overlapping among UL channels with the same priority (as in Rel-16) first. Then resolve overlapping among different priorities.
Proposal 13: 
For the case when one PUCCH overlaps with multiple PUSCHs of the different priority, how to select the multiplexed PUSCH needs to be discussed.
Proposal 14: 
For the case when one PUCCH including HP and LP UCI overlaps with multiple HP and LP PUSCHs , how to multiplex HP and LP UCI needs to be discussed.
Proposal 15: 
For the case when one HP/LP PUCCH overlapping with a LP/HP PUCCH overlaps with LP/HP PUSCH(s) simultaneously, multiplexing behavior needs to be clarified.
Proposal 16:
· Discuss processing order of intra-UE multiplexing with different priorities and cancellation due to dynamic SFI/UL CI/semi-static TDD and SSB.
Proposal 17:
· Wait for Rel-16 discussion outcome on DG PUSCH/CG PUSCH/UCI collision handling
· If only one MAC PDU is delivered to PHY for all the collision cases, no need to further discuss PHY prioritization between DG PUSCH and CG PUSCH with different priorities.
Proposal 18:
· Not to introduce the simultaneous PUCCH and PUSCH transmission for same priority case.
Proposal 19:
· Support PHR for simultaneous PUCCH and PUSCH transmission on different carriers.
Proposal 20:
· Discuss the interaction between capabilities for two PUCCH groups and the new capability for simultaneous PUCCH/PUSCH transmission on different carriers.
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