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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#105e we agreed the following:

Agreement:
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, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
 
Agreement:
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, treat the two bits as HARQ-ACK bits with High priority.
·           Rel-15 design (for PF0 and PF1) is baseline.
·           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.
 
This contribution discusses some considerations on intra-UE UL multiplexing.
[bookmark: _Hlk68192600]
2. UCI Multiplexing in PUCCH
2. 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 in RAN1#104bis-e, 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 this 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 present) if CSI would multiplex on a PUCCH which has HP A/N.


Since separate coding is performed for UCI of different L1 priorities, the maxCodeRate can be separately configured for HP and LP UCIs.  This allows different reliability to be used for different L1 priority UCIs.

Proposal 2: Separate maxCodeRate is configured for HP and LP UCIs.


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 should be mapped to earlier OFDM symbols of the PUCCH whilst the symbols for LP UCI are mapped to later OFDM symbols.
Proposal 3: 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. PUCCH Resource
The PUCCH Resource Set is selected based on the number of UCI bits.  In RAN#105e, two options were proposed for determining the multiplexed UCI bits for PUCCH Resource Set selection [2]:
· Option 1: UCI payload size = the number of HP UCI bits + the number of LP UCI bits
· Option 2: UCI payload size = the number of HP UCI bits + the number of LP UCI bits * scaling factor. 
· FFS: The scaling factor can be a function of code rate for HP UCI and LP UCI.
· FFS: solutions to solve the LP UCI size misalignment between gNB and UE due to missing DL DCI.
Option 1 is the existing method with no additional complexity.  Option 2 is proposed to avoid wasting REs or RBs by applying a scaling factor, presumably < 1, on the LP UCI bits.  However, it isn’t clear why there would be any wastage of resources since the UE only determines the number of RB used after it has encoded the PUCCH.  Furthermore, UCIs of different L1 priorities are separately encoded and a different coding rate can be applied for each L1 priority, which is a better way of achieving different reliability requirements than scaling down the LP UCI bits prior to encoding.  If the scaling factor < 1, then some LP UCI bits are discarded and there will be a loss of information for absolutely no benefit and impact the specifications to define rules on which UCI bits to discard.  Hence, we have a strong preference to use the existing mechanism in determining the UCI payload size for PUCCH Resource Set selection.

Observation 1: Applying a scaling factor on the LP UCI bits in calculating the UCI payload size does not save any REs or RBs and introduces complexity to the specifications for no benefit.

Proposal 4: The UCI payload size used for PUCCH Resource Set selection is the number of HP UCI bits + the number of LP UCI bits (i.e. Option 1).


An issue was raised in the previous meeting on misalignment between gNB and UE on the number of LP HARQ-ACKs in Type 2 HARQ-ACK CB due to misdetection of DL Grant that schedules the LP PUCCH [2].  Since the number of HARQ-ACKs determines the PUCCH resources (OFDM symbol and PRBs) used, misalignment in number of LP HARQ-ACKs leads to misalignment in the PUCCH resources between gNB and UE, which may cause the gNB to fail to decode the PUCCH and thereby drop the HP HARQ-ACKs [3].  The following options were proposed:

· Option 1: Configure a dedicated PUCCH resource for HP+LP in the second PUCCH-Config
· Option 2: PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource
· Option 3a: The LP type 2 codebook size is quantized/rounded up to a nearest reference size. FFS reference size granularity.
· Option 3b: Configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set.
· Option 4: Additional DCI field in DCI corresponding HP HARQ-ACK or HP PUSCH for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH.
· Option 5: Provide indication on at least the number of RBs and/or PUCCH resource set index to be used in the PUCCH transmission, where the indication is included in the high-priority DL assignment.
· Other solutions are not precluded.
· FFS ambiguity cases.
· FFS whether the issue needs to be considered for Type-1 HARQ-ACK codebook.

Firstly, we do not see why there should be an issue with Type1 HARQ-ACK CB as its size is semi-statically configured and so it doesn’t matter if the UE miss detects any DL Grant, it would just provide a NACK for it to maintain the size of the CB.  Hence, there is no issue with Type 1 HARQ-ACK CB.

Observation 2: There is no issue in CB size misalignment between gNB and UE for multiplexing HARQ-ACKs of different L1 priorities in Type 1 HARQ-ACK CB.


On misalignment on number of LP HARQ-ACK between gNB and UE for multiplexing of HARQ-ACKs of different L1 priorities in Type 2 HARQ-ACK CB (Type-2 CB), we also do not see any major issues with it.  This is because Type 2 CB uses the Downlink Assignment Index (DAI) counters specifically to avoid such misalignment.  However, the DAI may still cause misalignment under the following scenarios:
· Scenario 1: The UE miss detects four consecutive DL Grants, e.g. for a 2 bit C-DAI.
· Scenario 2: The UE miss detects the last DL Grant prior associated with the Type 2 CB

Scenario 1 where the UE miss detects four consecutive DL Grants is very rare even for DL Grants with LP HARQ-ACKs.  If this happens, then there is a very serious scheduling issue at the gNB or the UE is suffering from a severe radio condition.  Scenario 2 is more likely to happen than Scenario 1 but we think this is also rare and the gNB can solve this by ensuring the last DL Grant associated with Type 2 CB is robust, e.g. using a high Aggregation Level (AL) for the PDCCH. 

Observation 3: Type 2 HARQ-ACK CB utilizes DAI to avoid misalignment on the size of the CB between gNB and UE.  Such misalignment is rare and may occur due to the following scenarios:
· Scenario 1: The UE miss detects four consecutive DL Grants, e.g. for a 2 bit C-DAI, which is very unlikely to occur
· Scenario 2: The UE miss detects the last DL Grant prior associated with the Type 2 CB, which can be mitigated by ensuring the corresponding PDCCH uses a high Aggregation Level.

It may be argued that the gNB may not have the resource to increase the PDCCH’s AL for the last DL Grant of a LP Type 2 CB but then the gNB can dynamically disable multiplexing the LP HARQ-ACK into a HP PUCCH, which also shows the importance of such a dynamic indicator.

Observation 4: If gNB does not have the resource to increase the PDCCH’s AL for the last DL Grant of a LP Type 2 HARQ-ACK CB, then, if dynamic indication of UCI multiplexing is used, the gNB can easily indicate to the UE not to multiplex the LP HARQ-ACK into the HP PUCCH.


Looking at the options to “solve” this HARQ-ACK misalignment issue, Option 1, Option 2, Option 3a and Option 3b assume that misalignment occurs very often and introduce new PUCCH resources that create specification impacts.  Option 3a and 3b will also waste resources since they will increase the size of the CB, which defeats the purpose of using a dynamic Type 2 CB.  Basically, these options try to solve the “symptom” of miss detecting DL Grant rather than solve the root of the issue, i.e. misdetection of DL Grant.

Observation 5: Option 1, Option 2, Option 3a and Option 3b proposed to manage the PUCCH resources assuming that misalignment is likely to occur, which does not solve the root issue of misdetection of DL Grant (but rather solve the “symptom” of it).  These options create specifications impact and waste PUCCH resources due to over configuration of the CB size.

Proposal 5: Do not consider options that increases PUCCH resources or introduce additional PUCCH resources to solve the CB size misalignment between gNB and UE for multiplexing HARQ-ACKs of different L1 priorities into Type 2 HARQ-ACK CB.


Option 4 and Option 5 address the misdetection of DL Grants directly and do not create complex specification impacts to define new PUCCH resources.  Both options dynamically indicate information to the UE so that the UE can work out the number of HARQ-ACKs either directly as in Option 4 or indirectly as in Option 5.  We do not think this misalignment issue is likely, but if we must introduce a solution, we prefer a direct solution such as that in Option 4.  We would prefer to reuse an existing DCI field rather than introduce a new one.  Since the likely cause for misalignment is due to the UE missing the DAI value from the last DL Grant associated with the Type 2 CB, then all that the gNB needs to do is retransmit this DAI value again in the HP DL Grant.

Proposal 6: For multiplexing HARQ-ACKs of different L1 priorities into a Type 2 HARQ-ACK CB, the gNB indicates the DAI value of the last DL Grant associated with the LP HARQ-ACKs in a HP DL Grant when multiplexing these HARQ-ACKs of different L1 priorities into the Type 2 HARQ-ACK CB.


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 7: 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 the previous meeting regarding multiple multiplexing indicators from multiple DL Grants, which may give contradictory commands.   When multiple DL Grants schedule resources, their HP PUCCHs are transmitted in the same slot or sub-slot, and 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 8: 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. 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 [4].  We will discuss the behaviour for these 3 scenarios in the following sections.


3. 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 9: 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.


3. 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 10: 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 transmits only HARQ-ACK on the HARQ-ACK resource.


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 11: 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.


1. UCI Multiplexing in PUSCH
3. 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 [5], 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 12: 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 13: 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 14: 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. 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 15: 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 6: 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 16: 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 values, 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 considerations on intra-UE UL multiplexing.  We observe the following: 
Observation 1: Applying a scaling factor on the LP UCI bits in calculating the UCI payload size does not save any REs or RBs and introduces complexity to the specifications for no benefit.

Observation 2: There is no issue in CB size misalignment between gNB and UE for multiplexing HARQ-ACKs of different L1 priorities in Type 1 HARQ-ACK CB.

Observation 3: Type 2 HARQ-ACK CB utilizes DAI to avoid misalignment on the size of the CB between gNB and UE.  Such misalignment is rare and may occur due to the following scenarios:
· Scenario 1: The UE miss detects four consecutive DL Grants, e.g. for a 2 bit C-DAI, which is very unlikely to occur
· Scenario 2: The UE miss detects the last DL Grant prior associated with the Type 2 CB, which can be mitigated by ensuring the corresponding PDCCH uses a high Aggregation Level.


Observation 4: If gNB does not have the resource to increase the PDCCH’s AL for the last DL Grant of a LP Type 2 HARQ-ACK CB, then, if dynamic indication of UCI multiplexing is used, the gNB can easily indicate to the UE not to multiplex the LP HARQ-ACK into the HP PUCCH.

Observation 5: Option 1, Option 2, Option 3a and Option 3b proposed to manage the PUCCH resources assuming that misalignment is likely to occur, which does not solve the root issue of misdetection of DL Grant (but rather solve the “symptom” of it).  These options create specifications impact and waste PUCCH resources due to over configuration of the CB size.

Observation 6: 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 present) if CSI would multiplex on a PUCCH which has HP A/N.


Proposal 2: Separate maxCodeRate is configured for HP and LP UCIs.

Proposal 3: 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 4: The UCI payload size used for PUCCH Resource Set selection is the number of HP UCI bits + the number of LP UCI bits (i.e. Option 1).

Proposal 5: Do not consider options that increases PUCCH resources or introduce additional PUCCH resources to solve the CB size misalignment between gNB and UE for multiplexing HARQ-ACKs of different L1 priorities into Type 2 HARQ-ACK CB.

Proposal 6: For multiplexing HARQ-ACKs of different L1 priorities into a Type 2 HARQ-ACK CB, the gNB indicates the DAI value of the last DL Grant associated with the LP HARQ-ACKs in a HP DL Grant when multiplexing these HARQ-ACKs of different L1 priorities into the Type 2 HARQ-ACK CB.

Proposal 7: The gNB dynamically enables/disables multiplexing in an HP PUCCH by an indication in the DL Grant scheduling the HP PUCCH.

Proposal 8: 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 9: 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 10: 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 transmits only HARQ-ACK on the HARQ-ACK resource.


Proposal 11: 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 12: For multiplexing of UCI into PUSCH of different L1 priorities, the gNB is able to configure four different sets of b offsets.

Proposal 13: 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 14: 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 15: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.

Proposal 16: 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 values, 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
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