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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#106bis-e, we agreed on the following:

Agreement
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, in case the total number of LP and HP HARQ-ACK bits is 2:
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).


Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.

Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.

Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are nonoverlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH

In this contribution, we discuss some remaining issues in Intra-UE uplink multipexing.

2. UCI Multiplexing in PUCCH
2.1 RE Mapping
On RE Mapping for encoded UCI containing HP and LP UCIs in PUCCH Format 2, the following options were considered in RAN1#106bis-e [1]:
· Option 1: Aggregate the coded HP HARQ-ACK bits and the coded LP HARQ-ACK bits and apply the procedures described in Sec. 6.3.2.5 of R15 TS 38.211 to the aggregated coded HARQ-ACK bit sequence.
· Option 2: Distributed RE mapping for HP UCI and LP UCI in frequency domain.
· Option 3: Do not support multiplexing of HP HARQ-ACK and LP HARQ-ACK in PUCCH format 2 in Rel-17. Drop LP HARQ-ACK if the resulting PUCCH resource is with PUCCH format 2.

Option 2 is a new method that distribute the HP UCI and LP UCI in the frequency domain.  The number of RBs, i.e., PUCCH resources in frequency domain, is determined by the encoded bits of to the combined HP UCI and LP UCI.  A frequency first time later RE mapping would anyway distribute the HP UCI across the entire PUCCH frequency resource.  Hence, it isn’t clear if distributed mapping such as Option 2 would offer any significant gain.  Also HP UCI has low latency and it should be transmitted on earlier OFDM symbols of the PUCCH, which can be achieved in Option 1.  Option 3 suggests not to support PUCCH Format 2, which is restrictive.  Hence we have a preference for Option 1.  For Option 1, it should also be applicable for UCI in general rather than just HARQ-ACK bits and the encoded HP UCI bits should be mapped first so that it is transmitted in earlier OFDM symbols of the PUCCH.
Proposal 1: For RE mapping of HP UCI and LP UCI in PUCCH Format 2, aggregate the coded HP UCI bits and the coded LP UCI bits, where the HP UCI encoded bits are mapped first on earlier OFDM symbols followed by LP UCI encoded bits. The procedures described in Sec. 6.3.2.5 of R15 TS 38.211 to the aggregated coded UCI bit sequence are applied.  

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, i.e. Multiplexing Indicator Mux, can be introduced in the DL Grant to indicate whether an HP PUCCH can accept multiplexing from LP UCIs.  

Proposal 2: The gNB dynamically enables/disables multiplexing in an HP PUCCH by using a new Multiplexing Indicator in the DL Grant scheduling the HP PUCCH.


A concern was raised in RAN1#106bis-e on using dynamic Multiplexing Indicator [1], regarding UE behaviour if the gNB sends contradicting instructions in the dynamic Multiplexing Indicator.  

Firstly, typically in an HP PUCCH and LP PUCCH collision, the HP DL Grants arrive after a series of LP DL Grants associated with the colliding LP PUCCH.  Since URLLC has tight latency requirements, we do not expect a lot of HP DL Grants stretched across many slots/sub-slots to be scheduled, prior to the HP PUCCH.  That is, the time between the 1st HP DL Grant and the last HP DL Grant associated with the colliding HP PUCCH is very short and hence, it is unlikely for the gNB to change its multiplexing decision in such a short time.  An example is shown in Figure 1, where LP DL Grants LP#1, LP#2 and LP#3 schedule PDSCH#1, PDSCH#2 and PDSCH#3 respectively where their HARQ-ACKs are scheduled to LP PUCCH in Slot n+4.  In Slot n+3, HP DL Grants HP#4 and HP#5 schedule PDSCH#4 and PDSCH#5 respectively to carry some urgent URLLC traffic that arrives suddenly.  Since URLLC traffic has low latency, the HP HARQ-ACKs for PDSCH#4 and PDSCH#5 need to be transmitted very quickly in HP PUCCH in sub-slot m+8 causing it to collide with the LP PUCCH.  Since HP DL Grants arrive suddenly and require short latency, the gNB cannot fit too many PDSCHs between the 1st HP DL Grant HP#4 and the HP PUCCH.  That is between the 1st DL Grant HP#4 at time t9 and the start of the last DL Grant HP#5 at time t11, prior to the HP PUCCH, there isn’t a lot of time for the gNB to change its multiplexing decision.  Hence, if gNB enables the Multiplexing Indicator in HP#4 it is unlikely to disable it in HP#5. 
  

[image: ]
[bookmark: _Ref86929843]Figure 1: Time between HP#4 & HP#5 is too short for gNB to change multiplexing decision


Observation 1: In a collision involving a LP PUCCH and a HP PUCCH, the time between the first HP DL Grant and the last HP DL Grant associated with the HP PUCCH is typically very short and hence the gNB is unlikely to change its multiplexing decision within this time.  Hence, it is unlikely gNB would send contradictory dynamic Multiplexing Indicators to the UE. 


It can of course be argued that the gNB may still change its multiplexing decision even in the relatively short time between the 1st HP DL Grant and the last HP DL Grant associated with a colliding HP PUCCH.  In this situation, we can follow the principle used for the PRI indication, that is the UE follows the instruction of the last HP DL Grant.

Proposal 3: In the unlikely event that the gNB sends contradictory Multiplexing Indicators to the UE in different HP DL Grants, the UE follows the Multiplexing Indicator of the last HP DL Grant prior to the scheduled colliding HP PUCCH.



2.3 Misalignment of Number of LP HARQ-ACKs
The PUCCH resource is determined by the total number of UCI bits, NUCI.  For HARQ-ACK multiplexing of different L1 priorities, NUCI = NHP + NLP, where NHP and NLP are the number of HARQ-ACK bits for HP and LP respectively.  An issue was raised in previous meetings that miss detection of DL Grants scheduling LP PUCCH would leading to misalignment of NLP and this would cause the UE to select a different PUCCH resource to the one expected by the gNB, which may impact the decoding and reliability of the HP HARQ-ACKs.

Firstly, misalignment of NLP is not an issue for Type 1 HARQ-ACK Codebook since the number of HARQ-ACKs is semi-statically configured.  Hence, misalignment of NLP may only be an issue in Type 2 HARQ-ACK Codebook (Type 2 CB).
Observation 2: Misalignment on the number of LP HARQ-ACK NLP between UE and gNB is not an issue for Type 1 HARQ-ACK Codebook.

For Type 2 CB, Downlink Assignment Index (DAI) is introduced to mitigate against DL Grant misdetections since Rel-15.  However, DAI can fail in the following two scenarios, for a C-DAI of 2 bits [2]:
· Scenario 1: The UE misses 4 consecutive DL Grants thereby causing the DAI counter to wrap around.
· Scenario 2: The UE misses the last DL Grant associated with the HARQ-ACK PUCCH

Observation 3: Misdetection of DL Grant for Type 2 HARQ-ACK Codebook is mitigated using DAI since Rel-15.
Observation 4: A DAI with 2 bits can fail in the following scenarios:
· Scenario 1: The UE misses 4 consecutive DL Grants thereby causing the DAI counter to wrap around.
· Scenario 2: The UE misses the last DL Grant associated with the HARQ-ACK PUCCH

The PDCCH BLER target for eMBB or the DL Grant scheduling a LP PUCCH is 10-2.  Hence, misalignment of NLP due to Scenario 1, i.e. UE missing 4 consecutive DL Grants has a probability of approximately 10-8, (assuming the DL Grants are statistically independent) which is significantly lower than the 10-5 or 10-6 PDCCH target BLER for URLLC.  Hence, misalignment of NLP for Type 2 CB is likely caused by the UE missing the last DL Grant associated with the LP PUCCH.
Observation 5: The probability of missing 4 consecutive DL Grants scheduling a LP PUCCH is approximately 10-8, which is significantly lower than the PDCCH target BLER for URLLC.  Hence, this scenario is highly unlikely to occur.
Observation 6: For Type 2 HARQ-ACK Codebook, misalignment on the number of LP HARQ-ACK NLP between UE & gNB is likely caused by the UE missing the last DL Grant associated with the LP PUCCH.

The following options were considered for the misalignment of NLP [1]:

· 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.
· Option 6: Use a 1 bit indicator in the LP DL Grant to indicate whether the LP DL Grant is the last LP DL Grant.  The Multiplexing Indicator can be reinterpreted as the “Last DL Grant” indicator.

In Option 1, a separate PUCCH resource is used to carry the multiplexed HARQ-ACKs instead of a PUCCH resource from the HP PUCCH.  It is argued in [3] that missing part of the LP HARQ-ACKs is not an issue as the gNB could easily recover from it via the PUCCH’s DMRS.  Hence, the issue is when the UE misses ALL the DL Grants and therefore Option 1 reduces the gNB blind decoding to only 2 candidates, i.e. the new PUCCH resource with when LP HARQ-ACK is multiplexed and the HP PUCCH resource when there is no LP HARQ-ACK multiplexing.  However, the probability for the UE missing 3 or more consecutive DL Grants is 10-6 which is equivalent to the PDCCH target BLER for URLLC and hence unlikely.  Therefore, Option 1 would cater for the case where the NLP ≤ 2, which has limited benefit.  Option 2 is an implementation of Option 1 and hence has the same limitation.
Observation 7: Option 1 and Option 2 of using a dedicated PUCCH resource for multiplexing of HP & LP HARQ-ACK is only beneficial when the UE misses ALL the DL Grants associated to the LP PUCCH, which is only limited to the case where the number of LP HARQ-ACK NLP ≤ 2.
Observation 8: The gNB can recover from the UE missing a subset of LP HARQ-ACK from the PUCCH DMRS.

Option 3a and 3b proposed that the number of LP HARQ-ACK NLP can only use predetermined size, i.e. from a set of reference NLP.  Firstly, semi-statically configuring the size of NLP defeats the purpose of using a dynamic HARQ-ACK codebook like Type 2 CB, and hence would just increase the overhead of the PUCCH which may degrade the reliability of the PUCCH carrying the HP & LP HARQ-ACKs.  Hence, Option 3a and 3b can already be implemented using Type 1 CB.  Secondly, Option 3a and 3b attempt to solve the consequences of NLP misalignment rather than address the root cause of the problem, i.e. misdetection of DL Grants, which leads to an inefficient solution as a higher PUCCH overhead is always used.
Observation 9: Option 3a and Option 3b that force the number of LP HARQ-ACK NLP, into a reference set of values that are semi-statically configured would defeat the purpose of using dynamic Type 2 CB and increase the overhead of the PUCCH carrying the multiplexed HARQ-ACKs, which would then impact the reliability of the HP HARQ-ACKs.
Observation 10: Option 3a and Option 3b do not address the root cause of the problem, i.e. misdetection of DL Grant, but instead attempt to solve the consequence of the problem, which is inefficient.

Option 4 addresses the root cause of the problem, i.e. misdetection of DL Grant, by providing information regarding NLP in the DL Grant scheduling the HP PUCCH.  In [4], it is proposed to include the DAI associated with the LP PUCCH in the HP DL Grant, which would cost 2 additional DCI bits but it addresses the problem of the UE missing the last DL Grant associated with the LP PUCCH as described above.  However, this would increase the overhead of the DL Grant scheduling the HP PUCCH.
Observation 11: Option 4 proposes to indicate information regarding the number of LP HARQ-ACK NLP, e.g. the DAI, in the DL Grant scheduling the HP PUCCH, which addresses the root cause of the problem direction but would incur additional DCI overhead.

Option 5 proposes to indicate, in the DL Grant associated with the HP PUCCH, the number of RBs used in the PUCCH carrying the multiplexed HARQ-ACKs.  This may incur a significant number of bits in the DL Grant scheduling the HP PUCCH especially if the range of possible RBs is large.  Furthermore Option 5 does not address the root cause of the problem, i.e. missing DL Grant, directly.
Observation 12: Option 5 that proposes to indicate the number of RBs for the PUCCH carrying the multiplexed HARQ-ACKs may incur significant overhead to the DL Grant scheduling the HP PUCCH and it does not address the root cause of the problem, i.e. missing DL Grant.

Our view is, none of the solutions proposed by options 1 to 5 are satisfactory, as they have limited benefit such as Option 1 & Option 2, increase PUCCH overhead such as Option 3a & Option 3b or increase DCI overhead such as Option 4 & Option 5.  Also, most of the options do not address the root cause of the problem, i.e. missing DL Grant, except for Option 4.  The increase in either PUCCH or DCI overhead does not justify trying to solve an issue that is unlikely to occur and even if it does, for example when the UE misses some of the DL Grants, it could be recovered by the gNB via DMRS detection of the PUCCH as described in [3].  However, if companies insist on addressing this issue, we prefer that any solution should address the problem directly, i.e. the case where the UE misses the last DL Grant associated with the LP PUCCH, with no overhead in either the PUCCH or DCI.
Proposal 4: Since misalignment on the number of LP HARQ-ACK NLP for Type 2 HARQ-ACK Codebook is caused by the UE missing the last DL Grant associated with the LP PUCCH, any proposed solution should address this issue directly with no overhead to either the PUCCH or DCI.

One way is to use the 1 bit Multiplexing Indicator Mux, in the DL Grant, that is used to enable/disable UCI multiplexing of different priorities [5], which is Option 6.  For LP DL Grant (Priority Indicator = “0”), this Multiplexing Indicator is used to indicate whether a DL Grant is the last DL Grant associated with a LP PUCCH (Mux=“1”) or not (Mux=“0”).  For HP DL Grant (Priority Indicator = “1”), this Multiplexing Indicator will indicate whether to perform multiplexing (Mux=“1”) or not (Mux=“0”).  Hence, the UE would only multiplex the LP HARQ-ACK with the HP HARQ-ACK if the UE detects Mux=“1” in one of the LP DL Grants (indicating that this is the last DL Grant) and Mux=“1” in at least one of the HP DL Grant.  An example is shown in Figure 2, where DCI#1, DCI#2, DCI#3, DCI#4 and DCI#5 schedule PDSCH#1, PDSCH#2, PDCSH#3, PDSCH#4 and PDSCH#5 respectively with their HARQ-ACKs scheduled in LP PUCCH#1.  DCI#6 and DCI#7 schedule PDSCH#6 and PDSCH#7 respectively with their HARQ-ACKs scheduled in HP PUCCH#2.  In this example, the UE misses DCI#2 and so at time t3, the UE assumes wrongly that NLP =1 but since the C-DAI in DCI#3 indicates 3 PDSCH, the UE can then correct NLP=3.  DCI#5 is the last LP DL Grant and so Mux=“1”.  DCI#7 which is a HP DL Grant indicates Mux=“1” thereby enabling UCI multiplexing.  Here the UE misses DCI#5 which is the last LP DL Grant and hence would wrongly assume that NLP=4 instead of 5, but since the UE did not detect Mux= “1” in any of the LP DL Grants, the UE would not perform UCI multiplexing and drops PUCCH#1.  That is, this mechanism stops UCI multiplexing if the UE fails to receive the last DL Grant associated with the LP PUCCH, thereby avoiding NLP misalignment.  This method also does not introduce any additional overhead to the DCI since the Multiplexing Indicator (if introduced) is reused.  The gNB may have to perform blind decoding but only for two candidates, i.e. multiplexing with the correct NLP or no multiplexing at all.
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[bookmark: _Ref84000767]Figure 2: Using Multiplexing Indicator to indicate the last LP DL Grant

Proposal 5: Introduce a 1-bit “last DL Grant” indicator in the DL Grant to indicate whether a DL Grant is the last DL Grant associated with a LP PUCCH.   This “last DL Grant” indicator can reuse the Multiplexing Indicator field, such that;
· If Priority Indicator = “1”, then the Multiplexing Indicator indicates whether UCI multiplexing of different L1 priority in a PUCCH is enabled or disabled
· If Priority Indicator = “0”, then the Multiplexing Indicator indicates whether or not the DL Grant is the last DL Grant associated with a LP PUCCH .

Proposal 6: The UE performs UCI multiplexing if it detects a positive Multiplexing Indicator in one (i.e. the last) of the LP DL Grants and a positive multiplexing Indicator in at least one of the HP DL Grants, otherwise the UE drops the LP PUCCH.


2.4 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 [5].  We will discuss the behaviour for these 3 scenarios in the following sections.


2.4.1 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 7: 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.


2.4.2 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 8: 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.


2.4.3 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 9: 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. a 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.  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 10: 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 11: 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 12: 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 13: 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 values indicate not to multiplex any UCI, i.e. a non-numerical b value.  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 13: 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 remaining issues on intra-UE UL multiplexing, and we observe the following:
Observation 1: In a collision involving a LP PUCCH and a HP PUCCH, the time between the first HP DL Grant and the last HP DL Grant associated with the HP PUCCH is typically very short and hence the gNB is unlikely to change its multiplexing decision within this time.  Hence, it is unlikely gNB would send contradictory dynamic Multiplexing Indicators to the UE. 

Observation 2: Misalignment on the number of LP HARQ-ACK NLP between UE and gNB is not an issue for Type 1 HARQ-ACK Codebook.
Observation 3: Misdetection of DL Grant for Type 2 HARQ-ACK Codebook is mitigated using DAI since Rel-15.
Observation 4: A DAI with 2 bits can fail in the following scenarios:
· Scenario 1: The UE misses 4 consecutive DL Grants thereby causing the DAI counter to wrap around.
· Scenario 2: The UE misses the last DL Grant associated with the HARQ-ACK PUCCH

Observation 5: The probability of missing 4 consecutive DL Grants scheduling a LP PUCCH is approximately 10-8, which is significantly lower than the PDCCH target BLER for URLLC.  Hence, this scenario is highly unlikely to occur.
Observation 6: For Type 2 HARQ-ACK Codebook, misalignment on the number of LP HARQ-ACK NLP between UE & gNB is likely caused by the UE missing the last DL Grant associated with the LP PUCCH.
Observation 7: Option 1 and Option 2 of using a dedicated PUCCH resource for multiplexing of HP & LP HARQ-ACK is only beneficial when the UE misses ALL the DL Grants associated to the LP PUCCH, which is only limited to the case where the number of LP HARQ-ACK NLP ≤ 2.
Observation 8: The gNB can recover from the UE missing a subset of LP HARQ-ACK from the PUCCH DMRS.
Observation 9: Option 3a and Option 3b that force the number of LP HARQ-ACK NLP, into a reference set of values that are semi-statically configured would defeat the purpose of using dynamic Type 2 CB and increase the overhead of the PUCCH carrying the multiplexed HARQ-ACKs, which would then impact the reliability of the HP HARQ-ACKs.
Observation 10: Option 3a and Option 3b do not address the root cause of the problem, i.e. misdetection of DL Grant, but instead attempt to solve the consequence of the problem, which is inefficient.
Observation 11: Option 4 proposes to indicate information regarding the number of LP HARQ-ACK NLP, e.g. the DAI, in the DL Grant scheduling the HP PUCCH, which addresses the root cause of the problem direction but would incur additional DCI overhead.
Observation 12: Option 5 that proposes to indicate the number of RBs for the PUCCH carrying the multiplexed HARQ-ACKs may incur significant overhead to the DL Grant scheduling the HP PUCCH and it does not address the root cause of the problem, i.e. missing DL Grant.
Observation 13: Disabling UCI multiplexing by indicating b =0 does not work when the UCI has High L1 Priority.

We therefore propose the following:
Proposal 1: For RE mapping of HP UCI and LP UCI in PUCCH Format 2, aggregate the coded HP UCI bits and the coded LP UCI bits, where the HP UCI encoded bits are mapped first on earlier OFDM symbols followed by LP UCI encoded bits. The procedures described in Sec. 6.3.2.5 of R15 TS 38.211 to the aggregated coded UCI bit sequence are applied.  
Proposal 2: The gNB dynamically enables/disables multiplexing in an HP PUCCH by using a new Multiplexing Indicator in the DL Grant scheduling the HP PUCCH.

Proposal 3: In the unlikely event that the gNB sends contradictory Multiplexing Indicators to the UE in different HP DL Grants, the UE follows the Multiplexing Indicator of the last HP DL Grant prior to the scheduled colliding HP PUCCH.

Proposal 4: Since misalignment on the number of LP HARQ-ACK NLP for Type 2 HARQ-ACK Codebook is caused by the UE missing the last DL Grant associated with the LP PUCCH, any proposed solution should address this issue directly with no overhead to either the PUCCH or DCI.
Proposal 5: Introduce a 1-bit “last DL Grant” indicator in the DL Grant to indicate whether a DL Grant is the last DL Grant associated with a LP PUCCH.   This “last DL Grant” indicator can reuse the Multiplexing Indicator field, such that;
· If Priority Indicator = “1”, then the Multiplexing Indicator indicates whether UCI multiplexing of different L1 priority in a PUCCH is enabled or disabled
· If Priority Indicator = “0”, then the Multiplexing Indicator indicates whether or not the DL Grant is the last DL Grant associated with a LP PUCCH .

Proposal 6: The UE performs UCI multiplexing if it detects a positive Multiplexing Indicator in one (i.e. the last) of the LP DL Grants and a positive multiplexing Indicator in at least one of the HP DL Grants, otherwise the UE drops the LP PUCCH.
Proposal 7: 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 8: 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 9: 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 10: 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 11: 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 12: The gNB dynamically indicates whether to enable/disable multiplexing of UCI bits into PUSCH of different L1 priorities.

Proposal 13: 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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