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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#103-e we agreed the following:

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:
· Option 1: Support joint coding.
· Option 2: Support separate coding.
· Option 3: Combination of Option1 and 2.
· 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.

This contribution discusses some considerations on UCI multiplexing for URLLC.
2. Discussions

2.1 UCI Multiplexing in PUCCH
When multiplexing more than 2 UCI bits of different L1 priorities into a PUCCH the following coding options were considered in RAN1#103e:
· Option 1: Support joint coding.
· Option 2: Support separate coding.
· Option 3: Combination of Option1 and 2
Using joint coding is simple but it is not an efficient way of coding two UCIs with different requirements.  In the case where the PUCCH resource is not sufficient, it may degrade the reliability of High L1 priority (HP) UCIs.  If PUCCH is not resource limited, then this would lead to unnecessarily high encoded payload for the PUCCH since the Low L1 priority (LP) UCI would need to be encoded with the same reliability as that of the HP UCI.  Separate coding allows efficient use of the resources and also it allows the coded UCI to be mapped into different parts of the PUCCH, for example HP UCI can be placed in earlier symbols whilst LP UCI can be placed at later symbols of the PUCCH to reduce latency.  
Proposal 1: The UCI bits of different L1 priorities are separately coded when multiplexing into a PUCCH and the total number of UCI bits is greater than 2.
Proposal 2: Allow encoded UCI bits of different L1 priorities to be mapped to different symbols in the PUCCH.

The HP PUCCH is scheduled to meet the latency and reliability requirements of URLLC.  Hence, when PUCCH of different L1 priorities collide, to maintain the latency and reliability, the multiplexed UCI bits should be carried by the HP PUCCH.
Proposal 3: When PUCCHs of L1 different priorities collide, the multiplexed UCI bits from these PUCCHs are carried by the High L1 priority PUCCH.

[bookmark: _GoBack]It was agreed that the gNB indicates whether to multiplex or prioritise the UCI bits from PUCCH of different priorities.  For gNB scheduler flexibility, a dynamic indicator is beneficial.  A new DCI field can be introduced in the DL Grant to indicate whether an HP PUCCH can accept multiplexing from LP UCIs.  
Proposal 4: The gNB dynamically enables/disable multiplexing in a HP PUCCH by an indication in the DL Grant scheduling the HP PUCCH.

2.2 UCI Multiplexing in PUSCH
The number of REs that can be used to multiplex UCI into a PUSCH is determined by the a and b offsets.  The a offset is RRC configured and is a scaling factor that determines the maximum percentage of PUSCH REs that can be used for UCI.  The b offset is dynamically indicated in the UL Grant and is a multiplier applied onto the UCI to determine the actual number of REs that is required.  Since these factors determine the number of resources used on the UCI, they have an impact on the reliability of the UCI and the PUSCH.  Therefore, it makes sense to use different values of a and b depending on the L1 priorities of the UCI and PUSCH.
In [1], four sets of b offsets are proposed for different combination of UCI and PUSCH L1 priorities.  For example, if HP UCI is multiplexed into a HP PUSCH, a higher b offset is required to protect the HP UCI but if the UCI is of LP, then a smaller b offset is used.  For the indication of the b offset, the existing “beta_offset indicator” in the UL Grant can be reused where a different b offset is used depending on whether the UCI is HP or LP and whether the PUSCH is HP or LP.  An example is shown in Table 1, where the UE uses the appropriate column depending on the L1 priority of the PUSCH and UCI.
[bookmark: _Ref54358706]Table 1: Lookup table for b offsets depending on UCI & PUSCH L1 priority
	beta_offset indicator
	b offsets

	
	PUSCH High Priority
	PUSCH Low Priority

	
	UCI Same Priority
	UCI Different Priority
	UCI Same Priority
	UCI Different Priority

	00
	2
	NO MUX
	1
	4

	01
	4
	1
	2
	8

	10
	8
	2.5
	5
	10

	11
	10
	5
	8
	20




Proposal 5: Four sets of b offsets are configured for multiplexing of UCI into PUSCH of different L1 priorities.

Similarly, separate a offsets should be used depending on the L1 priorities of the UCI and PUSCH.  For example, if an HP UCI is multiplexed into a LP PUSCH, a larger portion of the PUSCH can be made available for the HP UCI compared to when multiplexing a LP UCI and therefore a different a should be applied.  
Proposal 6: Separate a offsets are configured for UCI of different L1 priorities for multiplexing into PUSCH.

When multiplexing HARQ-ACK and CSI bits into a PUSCH, if there are insufficient REs to carry these UCI bits, the CSI bits are dropped.  A similar mechanism can be used in multiplexing UCI bits, specifically HARQ-ACK bits, of different L1 priorities.  That is, if there are insufficient REs to carry the encoded UCI bits of different L1 priorities, the LP UCI bits are dropped.
Proposal 7: When multiplexing UCI bits into PUSCH of different L1 priorities, if there are insufficient REs in a PUSCH to carry the UCI bits, the LP UCI bits are dropped.

It was agreed that the gNB can indicate whether to enable or disable multiplexing of UCI bits of different L1 priorities into a PUSCH.  For scheduling flexibility, it is beneficial that such indication is made dynamically using a DCI.  This indication can reuse the “beta_offset indicator” in the UL Grant scheduling the PUSCH, where some of the of the values indicate not to multiplex any UCI.  For example in Table 1, if a LP UCI collides with an HP PUSCH, the “beta_offset indicator” = 00 would indicate that the LP UCI is not multiplexed into the HP PUSCH.  
Proposal 8: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.
Proposal 9: The “beta_offset indicator” DCI field in the UL Grant scheduling the PUSCH is used to enable/disable multiplexing of UCI bits into PUSCH, where some of the indices are used to disable multiplexing.

3. Conclusion
In this contribution, we discuss some aspects of multiplexing of UL transmissions of different L1 priorities.  We propose the following:
Proposal 1: The UCI bits of different L1 priorities are separately coded when multiplexing into a PUCCH and the total number of UCI bits is greater than 2.
Proposal 2: Allow encoded UCI bits of different L1 priorities to be mapped to different symbols in the PUCCH.
Proposal 3: When PUCCHs of L1 different priorities collide, the multiplexed UCI bits from these PUCCHs are carried by the High L1 priority PUCCH.
Proposal 4: The gNB dynamically enables/disable multiplexing in a HP PUCCH by an indication in the DL Grant scheduling the HP PUCCH.
Proposal 5: Four sets of b offsets are configured for multiplexing of UCI into PUSCH of different L1 priorities.
Proposal 6: Separate a offsets are configured for UCI of different L1 priorities for multiplexing into PUSCH.
Proposal 7: When multiplexing UCI bits into PUSCH of different L1 priorities, if there are insufficient REs in a PUSCH to carry the UCI bits, the LP UCI bits are dropped.
Proposal 8: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.
Proposal 9: The “beta_offset indicator” DCI field in the UL Grant scheduling the PUSCH is used to enable/disable multiplexing of UCI bits into PUSCH, where some of the indices are used to disable multiplexing.
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