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[bookmark: _Ref521334010]Introduction
At the RAN1#103-e meeting, intra-UE multiplexing and prioritization were discussed and the following agreements were reached.
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details
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 are more than 2 bits, down-select from the following options in RAN1#104-e:
l Option 1: Support joint coding.
l Option 2: Support separate coding.
l Option 3: Combination of Option1 and 2.
l FFS the details
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
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.
Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority 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, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.
Agreements:
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.
In this contribution, we give our considerations for intra-UE multiplexing and prioritization based on previous agreements.
Discussion
Conditions for multiplexing
For multiplexing of different physical channels with different priorities, the multiplexing conditions should consider multiplexing timeline and latency requirement of HP channel. The timeline requirement is to ensure that UE has sufficient time for UCI multiplexing, but the details of multiplexing timeline for multiplexing between different priorities should be further considered. 
In Rel-15, multiplexing timeline should always be satisfied, i.e. UE does not expect that multiplexing timeline is not satisfied. 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 1, 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. Hence, 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.


Figure 1: Timeline requirement for channels with different priorities is not satisfied
For timeline requirements, the first symbol of a channel which would be used for multiplexing resource can be used as new S0 in order to relax the restriction for HP scheduling. As shown in Figure 2, 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: _Ref61510801]Figure 2: Timeline requirement for channels with different priorities
The latency requirement is to ensure the latency requirement of URLLC traffic to be satisfied, which can be defined as the ending symbol of PUCCH or PUSCH resource for multiplexed UCI transmission is not later than X symbols after the ending symbol of the higher priority UCI. If the multiplexing latency requirement cannot be satisfied, LP channel should be dropped.
Proposal 1: Multiplexing timeline should always be satisfied for overlapping channels with different priorities when multiplexing between UCIs with different priorities is supported.
Proposal 2: For multiplexing of channels with different priorities, the multiplexing timeline is defined with reference to the start of a channel which would be used for multiplexing.
Proposal 3: If the ending symbol of PUCCH or PUSCH for multiplexed UCI transmission is X symbols after the ending symbol of PUCCH for the higher priority UCI, LP channel should be dropped. FFS the value of X.
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 cascaded and transmitted on the PUCCH resource configured for HP HARQ-ACK. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]If PUCCH format 0 is used for HP HARQ-ACK, sequence cyclic shifts as defined in Table 1 can be used to transmit two HARQ-ACK information bits. In this table, the sequence cyclic shifts for HARQ-ACK value {0,0} and {1,0} is the same as the sequence cyclic shifts for 1 HARQ-ACK information bit {0} and {1} respectively, which ensures that even if the DCI for LP HARQ-ACK is missed by the UE, there would be no misalignment between gNB and UE.
Table 1 Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format 0
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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If PUCCH format 1 is used for HP HARQ-ACK, 2 bits can be modulated into a modulation symbol and transmitted on PUCCH resource 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 transmitted on the time-frequency resource for the HP HARQ-ACK transmission as below:
· If PUCCH format 0 is used for HP HARQ-ACK, sequence cyclic shifts as shown in the table below are used
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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· If PUCCH format 1 is used for HP HARQ-ACK, 2 bits are modulated into a modulation symbol and transmitted on PUCCH resource for HP HARQ-ACK.

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 more preferred.
Proposal 5: 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, both HP HARQ-ACK and LP HARQ-ACK can be multiplexed to a PUCCH resource for HP HARQ-ACK. The following options were discussed in last meeting 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. 
Hence, we propose that separate coding can be supported considering the case that LP HARQ-ACK codebook has large payload size and HP HARQ-ACK codebook has small payload size, since the joint coding would cause inefficient resource utilization if the coding rate of HP HARQ-ACK codebook is low. 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 6: 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.
Proposal 7: 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 8: 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
For UCI multiplexing on PUSCH with different priorities, it was agreed to support a mechanism for gNB to enable/disable the multiplexing. 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. In order to indicate whether or not UCI can be multiplexed on PUSCH, one value in the set of configured beta-offsets can be set to 0 to indicate there is no UCI on PUSCH when dynamic beta-offset indication is configured. 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 9: 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, additional configuration of alpha or beta-offset values should be introduced for UCI multiplexing on PUSCH with different priorities. Similarly, the higher layer parameter scaling in the UCI-OnPUSCH IE can be independently configured for PUSCH with different priorities. 
Proposal 10: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on
· Independent beta offsets for PUSCH with different priorities
· Independently configured higher layer parameter scaling for PUSCH with different priorities
Conclusion
In this contribution, we discuss possible enhancements for intra-UE multiplexing and prioritization and give the following proposals.
Proposal 1: Multiplexing timeline should always be satisfied for overlapping channels with different priorities when multiplexing between UCIs with different priorities is supported.
Proposal 2: For multiplexing of channels with different priorities, the multiplexing timeline is defined with reference to the start of a channel which would be used for multiplexing.
Proposal 3: If the ending symbol of PUCCH or PUSCH for multiplexed UCI transmission is X symbols after the ending symbol of PUCCH for the higher priority UCI, LP channel should be dropped. FFS the value of X.
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 transmitted on the time-frequency resource for the HP HARQ-ACK transmission as below:
· If PUCCH format 0 is used for HP HARQ-ACK, sequence cyclic shifts as shown in the table below are used
	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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· If PUCCH format 1 is used for HP HARQ-ACK, 2 bits are modulated into a modulation symbol and transmitted on PUCCH resource for HP HARQ-ACK.
Proposal 5: 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 6: 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 7: 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 8: Semi-static RRC configuration to enable/disable the multiplexing between channels with different priorities is supported.
Proposal 9: 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.
[bookmark: _GoBack]Proposal 10: For a UE supporting multiplexing between different priorities, consider enhancements to UCI multiplexed on PUSCH based on
· Independent beta offsets for PUSCH with different priorities
· Independently configured higher layer parameter scaling for PUSCH with different priorities
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