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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104bis-e we made the following agreements and working assumption:
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.
 
Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support separate coding for the two HARQ-ACKs.
· It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16.

 
This contribution discusses some considerations on intra-UE UL multiplexing.
[bookmark: _Hlk68192600]
2. UCI Multiplexing in PUCCH

2.1 UCI Coding
It was agreed to use separate coding for UCI with different L1 priorities.  Some companies proposed that the number of coding chains required to perform separate UCI coding is not increased, i.e. remains as 2 coding chains [1].  However, it was noted that the encoding of UCI is up to UE implementation and to avoid any increase in UE complexity, a working assumption was made that the UE drops any CSI that would be multiplexed into the PUCCH.  Since this would avoid increasing UE complexity, we therefore wish to confirm the working assumption.
Proposal 1: Confirm the following working assumption:
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.
· Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.

Separate coding of UCI allows flexibility in mapping the encoded UCI symbols into the PUCCH REs.  For latency reduction purposes, the symbols for HP UCI are mapped to earlier OFDM symbols of the PUCCH whilst the symbols for LP UCI are mapped to later OFDM symbols.
Proposal 2: Encoded UCI symbols for HP UCI are mapped to earlier OFDM symbols of the PUCCH whilst those for LP UCI are mapped to later OFDM symbols.

2.2 Enabling/Disabling UCI Multiplexing
It was agreed that the gNB indicates whether to multiplex or prioritize 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 3: The gNB dynamically enables/disables multiplexing in an HP PUCCH by an indication in the DL Grant scheduling the HP PUCCH.

An issue was raised in previous meeting regarding multiple multiplexing indicators from multiple DL Grants, which may give contradictory commands.   When multiple DL Grants schedule their HP PUCCHs to transmit in the same slot or sub-slot, these HARQ-ACKs are multiplexed and transmitted in a single PUCCH.  If LP HARQ-ACKs overlap with the HP PUCCH, then the decision whether to multiplex the LP HARQ-ACKs with HP HARQ-ACKs is indicated in the last DL Grant scheduling the HP PUCCH.  
Proposal 4: When a HP PUCCH scheduled by multiple DL Grants overlap with LP HARQ-ACKs, the decision to multiplex the HP & LP HARQ-ACKs is determined by the indicator in the last DL Grant scheduling the HP PUCCH. 

2.3 High Priority SR & Low Priority HARQ-ACK Multiplexing
Three multiplexing scenarios involving High Priority (HP) SR and Low Priority (LP) HARQ-ACK multiplexing using PUCCH Format 0 (PF0) and PUCCH Format 1 (PF1) were agreed in RAN1#104e [2].  We will discuss the behaviour for these 3 scenarios in the following sections.

2.3.1 HP SR PF0 + LP HARQ-ACK PF0
For the multiplexing of HP SR carried by PF0 with LP HARQ-ACK carried by PF0, the following options were agreed for further consideration:
· 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.

In Rel-15, when a positive SR carried by PF0 collides with HARQ-ACK carried by PF0, the multiplexed UCI (SR + HARQ-ACK) is transmitted using HARQ-ACK PUCCH resource.  This behaviour can be reused for the case where SR & HARQ-ACK have different L1 priorities without modification, which would reduce specification impact.  Hence, we have a preference for Opt.2c.
Proposal 5: When HP SR using PF0 multiplexes with LP HARQ-ACK using PF0:
· 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.


2.3.2 HP SR PF0 + LP HARQ-ACK PF1
For the multiplexing of HP SR carried by PF0 with LP HARQ-ACK carried by PF1, the following options were agreed for further consideration:
· 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.

In Rel-15, when a positive SR carried by PF0 collides with HARQ-ACK carried by PF1, the SR is dropped and the HARQ-ACK carried by PF1 is transmitted.  For HP SR, Rel-15 behaviour may not meet the URLLC low latency requirement.  Since PF0 can carry SR and up to 2 HARQ-ACKs, PF0 can be used to transmit multiplexed HP SR and LP HARQ-ACK.  For negative SR, the HARQ-ACK carried by PF1 is transmitted as per Rel-15 behaviour.  That is, we prefer Opt.1b.
Proposal 6: When HP SR using PF0 multiplexes with LP HARQ-ACK using PF1:
· The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource 
· For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.


2.3.3 HP SR PF1 + LP HARQ-ACK PF0 
For the multiplexing of HP SR carried by PF1 with LP HARQ-ACK carried by PF0, the following options were agreed for further consideration:
· 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.
Similar to the case of HP SR PF0 + LP HARQ-ACK PF0, in this scenario, the positive SR is multiplexed with HARQ-ACK and carried by the HARQ-ACK resource.  That is, we have a preference for Opt.2c.  This will make the UE implementation easier where for HARQ-ACK carried by PF0: regardless of whether the positive SR is carried by PF0 or PF1, the multiplexed UCI is always carried by the HARQ-ACK PF0 resource. 
Proposal 7: When HP SR using PF1 multiplexes with LP HARQ-ACK using PF0:
· 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.

3. UCI Multiplexing in PUSCH

3.1 b  and a offsets
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 [3], four sets of b offsets are proposed for different combinations 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 8: For multiplexing of UCI into PUSCH of different L1 priorities, the gNB is able to configure four different sets of b offsets.

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 an LP PUSCH, a larger portion of the PUSCH can be made available for the HP UCI compared to when multiplexing an LP UCI and therefore a different a should be applied.  
Proposal 9: For multiplexing of UCI into PUSCH of different L1 priorities, the gNB is able to configure separate a offsets for different PUSCH L1 priorities.

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 10: 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.

3.2 Enabling/Disabling UCI Multiplexing into a PUSCH
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.  
Proposal 11: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.

Some companies proposed to use b =0 to indicate no multiplexing [1] but this does not work for the case where the UCI is HP, since this would lead to the HP UCI being dropped.  Hence, a different indicator is required.
Observation 1: Disabling UCI multiplexing by indicating b =0 does not work when the UCI has High L1 Priority.

An alternative that is applicable to both HP UCI and LP UCI is to 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, i.e. a non-numerical b value.  For example in Table 1, if an 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 and instead use Rel-16 prioritisation.  This is also applicable for the case for HP UCI and LP PUSCH, where Rel-16 prioritisation is used, i.e. dropping the LP PUSCH.
Proposal 12: 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 have non-numerical value, i.e. “NOT MULTIPLEX”, to indicate that multiplexing is not used and that the UE performs prioritisation.  That is:
· If beta_offset indicator is numerical then:
· LP UCI is multiplexed into HP PUSCH using the indicated b offset value
· HP UCI is multiplexed into LP PUSCH using the indicated b offset value
· If beta_offset indicator = “NOT MULTIPLEX” or non-numerical then:
· For the case of LP UCI & HP PUSCH, the LP UCI is dropped and HP PUSCH is transmitted
· For HP UCI & LP PUSCH, the LP PUSCH is dropped and HP UCI is transmitted on PUCCH

4. Conclusion
In this contribution, we discuss some aspects of intra-UE UL multiplexing.  We observe the following: 
Observation 1: Disabling UCI multiplexing by indicating b =0 does not work when the UCI has High L1 Priority.

We therefore propose the following:
Proposal 1: Confirm the following working assumption:
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.
· Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.

Proposal 2: Encoded UCI symbols for HP UCI are mapped to earlier OFDM symbols of the PUCCH whilst those for LP UCI are mapped to later OFDM symbols.
Proposal 3: The gNB dynamically enables/disables multiplexing in an HP PUCCH by an indication in the DL Grant scheduling the HP PUCCH.
Proposal 4: When a HP PUCCH scheduled by multiple DL Grants overlap with LP HARQ-ACKs, the decision to multiplex the HP & LP HARQ-ACKs is determined by the indicator in the last DL Grant scheduling the HP PUCCH. 
Proposal 5: When HP SR using PF0 multiplexes with LP HARQ-ACK using PF0:
· 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.

Proposal 6: When HP SR using PF0 multiplexes with LP HARQ-ACK using PF1:
· The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource 
· For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.

Proposal 7: When HP SR using PF1 multiplexes with LP HARQ-ACK using PF0:
· 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.

Proposal 8: For multiplexing of UCI into PUSCH of different L1 priorities, the gNB is able to configure four different sets of b offsets.
Proposal 9: For multiplexing of UCI into PUSCH of different L1 priorities, the gNB is able to configure separate a offsets for different PUSCH L1 priorities.
Proposal 10: 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 11: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.
Proposal 12: 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 have non-numerical value, i.e. “NOT MULTIPLEX”, to indicate that multiplexing is not used and that the UE performs prioritisation.  That is:
· If beta_offset indicator is numerical then:
· LP UCI is multiplexed into HP PUSCH using the indicated b offset value
· HP UCI is multiplexed into LP PUSCH using the indicated b offset value
· If beta_offset indicator = “NOT MULTIPLEX” or non-numerical then:
· For the case of LP UCI & HP PUSCH, the LP UCI is dropped and HP PUSCH is transmitted
· [bookmark: _GoBack]For HP UCI & LP PUSCH, the LP PUSCH is dropped and HP UCI is transmitted on PUCCH
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