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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#107e, we agreed on the following:

Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3: Rel-17 multiplexing for different priorities is dynamically enabled/disabled in step 2. 
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline 
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables

In RAN#94e, we concluded the following:
RAN to guide RAN1 to focus on the discussion on Capability#1 only in Q1 2022 for Rel-17 intra-UE mulplexing framework

RAN to conclude to support the multiplexing of UCI of different PHY priorities also for PUCCH format 2

In this contribution, we discuss remaining issues in intra-UE uplink multiplexing.

2. Discussions
2.1 Enabling Rel-16 Prioritisation when Rel-17 Mux is Enabled
In Rel-15, collisions between PUCCHs and PUCCHs with PUSCH are resolved by multiplexing the UCI into a PUCCH or a PUSCH.  Multiplexing timelines are defined to ensure that the UE has sufficient time to perform such multiplexing where the reference point for these timelines S0, is the starting time of the earliest overlapping UL channel.  These timelines take into account UE processing requirements and are as follows:

· At least  between the end of the last PDSCH with a corresponding overlapping PUCCH and reference point S0
· At least  between the end of the UL Grant scheduling an overlapping PUSCH and reference point S0
· At least  between the end of the SPS deactivation DCI with a corresponding overlapping PUCCH and reference point S0
· At least  between the end of the DCI triggering an A-CSI scheduling an overlapping PUSCH and reference point S0

An example is shown in Figure 1, where DCI#1 and DCI#2 schedule PDSCH#1 and PDSCH#2 and their corresponding HARQ-ACKs are multiplexed into the PUCCH.  DCI#3 schedules a PUSCH that overlaps with the PUCCH and so the HARQ-ACKs in the PUCCH are multiplexed into the PUSCH.  The reference point S0 is therefore the start of the PUCCH since it is the earliest overlapping channel.  The last PDSCH, PDSCH#2 with its HARQ-ACK in the overlapping PUCCH needs to be at least  from S0.  Here DCI#3 needs to be at least  from S0.  These timeline requirements therefore impose deadlines for scheduling any overlapping UL channels For example, the deadline for scheduling any overlapping PUSCH is TPUSCH-MUX and the deadline for the last PDSCH is THARQ-MUX in Figure 1.
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[bookmark: _Ref91759066]Figure 1: Rel-15 multiplexing timelines

In Rel-16, two L1 priorities were introduced and collisions among UL channels of different L1 priorities can be resolved via prioritization, i.e. the lower L1 priority (LP) channel is dropped.  The UE needs to drop only the symbols of the LP channel that overlap with the HP channel with a processing time of Tproc,2 between the end of the UL Grant and the start of the HP PUSCH that overlaps the LP channel.  This enables the gNB to schedule a “last minute” HP UL channel after the Rel-15 multiplexing deadlines, which is highly beneficial for meeting the low latency requirements of URLLC.  An example is shown in Figure 2, where DCI#1 and DCI#2 schedule PDSCH#1 and PDSCH#2 respectively with their HARQ-ACKs scheduled in LP-PUCCH.  DCI#3 is transmitted after the deadline TPUSCH-MUX for scheduling an overlapping PUSCH, which is feasible for Rel-16 prioritisation since the PUSCH has High L1 priority (HP).  In this example the UE drops the symbols in LP-PUCCH that overlap with HP-PUSCH.
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[bookmark: _Ref91775781]Figure 2: Rel-16 prioritisation timeline

Observation 1: Rel-16 prioritisation enables the gNB to schedule “last minute” low latency UL transmission that overlaps with LP channels, which is important for meeting the low latency requirement of URLLC.


In Rel-17, intra-UE UCI multiplexing of different L1 priorities (Rel-17 Mux) is introduced to enable LP UCIs to be transmitted instead of dropped when they collide with HP channels, where the timelines for Rel-17 Mux reuse those of the Rel-15 multiplexing timelines.  It was agreed that Rel-17 Mux is only semi-statically enabled and if it is not enabled, the UE uses Rel-16 prioritisation to resolve collisions among UL channels of different L1 priorities.  That is, if the UE is configured with Rel-17 Mux, there is no mechanism for the gNB to schedule a “last minute” low latency overlapping UL channel via Rel-16 prioritisation.  Enabling Rel-17 Mux effectively removes Rel-16 prioritsation, an existing feature, from the UE, which may not meet the low latency requirement of URLLC.  Therefore, to ensure that the low latency requirement is maintained in Rel-17, a mechanism to enable Rel-16 prioritisation when Rel-17 Mux is enabled is required.

Observation 2: When Rel-17 intra-UE UCI multiplexing of different L1 priorities (Rel-17 Mux) is RRC enabled, the benefit of Rel-16 prioritisation is removed and consequently the gNB is unable to schedule “last minute” low latency UL transmission that overlaps with LP channels, which may not meet the low latency requirement of URLLC.

Proposal 1: Introduce mechanisms for UE to operate Rel-16 prioritisation, when Rel-17 Mux is RRC enabled in the UE.


Since it was concluded in RAN#94e not to consider dynamic enabling/disabling of Rel-17 Mux further, a rule based mechanism (i.e. one that does not rely on dynamic indicator) to determine whether the UE should perform Rel-17 Mux or Rel-16 prioritisation is considered.  In [1], some companies suggested that the UE performs Rel-17 Mux if all DL transmissions associated with the overlapping UL channels are transmitted before their respective multiplexing deadlines, i.e. , ,  and  relative to S0, otherwise, if they arrive after their multiplexing deadlines the UE performs Rel-16 prioritisation.  However, some other companies argued that the UE is not aware of these multiplexing processing times and therefore cannot determine the multiplexing deadlines.  It is further argued that it has always been the gNB’s responsibility to ensure the UE has sufficient processing time to perform the scheduled tasks and it is therefore complex for the UE to take on this responsibility.  Even if the UE is aware of the multiplexing timelines, there are multiple deadlines that the UE may have to monitor and also these deadlines may shift since the reference point S0 is dependent upon the starting times of the overlapping UL channels.

Observation 3: The UE may not be aware of the multiplexing timelines.

Observation 4: Since there are multiple multiplexing timelines, a UE may have to monitor multiple multiplexing deadlines if these deadlines are used to determine whether the UE performs Rel-17 Mux or Rel-16 prioritisation.

Observation 5: The reference for the multiplexing deadlines S0 may change since it depends on the scheduling of the overlapping UL channels.


Since the main issue is that the UE may be unaware of the multiplexing timelines, one method is to make the UE aware of a timeline, i.e., by configuring the UE with a time window TWinDrop that overlaps the slot/sub-slot of the LP UL channel.  If any DL transmission has an associated HP UL channel that overlap with the LP UL channel and that DL transmission ends within TWinDrop of the LP UL channel’s end, the UE will perform Rel-16 prioritisation to resolve the collisions.  An example is shown in Figure 3, where DCI#1, DCI#2 and DCI#3 schedule PDSCH#1, PDSCH#2 and PDSCH#3 respectively with their corresponding HARQ-ACK scheduled in Low L1 priority LP-PUCCH#1.  After DCI#1 is decoded the UE would be aware of TWinDrop, which in this case is 21 symbols long.  DCI#4 schedules PDSCH#4 where its HARQ-ACK is scheduled in High L1 priority HP-PUCCH#2 which overlaps with LP-PUCCH#1.  Since PDSCH#4 ends within TWinDrop, the UE uses Rel-16 prioritisation to resolve the collision between HP-PUCCH#2 and LP-PUCCH#1 where LP-PUCCH#1 is dropped.
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[bookmark: _Ref91858484]Figure 3: Rel-16 prioritisation – PDSCH within TWinDrop with overlapping HP PUCCH

Since the UE will use Rel-17 Mux to resolve the collision of UL channels with different L1 priorities, where the HP UL channel has an associated DL transmission that is outside TWindDrop, the UE may start the UCI multiplexing process as soon as it has received the DL transmission.  For example, in Figure 4, LP-PUCCH#1 carries HARQ-ACK for PDSCH#1 and PDSCH#2.  DCI#3 schedules PDSCH#3 with its HARQ-ACK carried by HP-PUCCH#2.  Since PDSCH#3 is outside of TWinDrop, the UE may start processing UCI multiplexing for these HARQ-ACKs, i.e. Rel-17 Mux may start at time t10 after the end of PDSCH#3.  DCI#4 schedules HP-PUSCH#1 which overlaps with LP-PUCCH#1 and HP-PUCCH#2.  Since DCI#4 is transmitted within TWinDrop, according to the proposal, the UE may perform Rel-16 prioritisation but the UE may already have started the Rel-17 Mux process prior to DCI#4.  Hence, to avoid any demultiplexing, TWinDrop can only enable Rel-16 prioritisation if there is no HP UL channel being scheduled by DL transmission outside of TWinDrop.  In this example, HARQ-ACKs in LP-PUCCH#1 and HP-PUCCH#2 are multiplexed into HP-PUSCH#1.
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[bookmark: _Ref91861038]Figure 4: Once Rel-17 Mux started UE does not perform Rel-16 prioritisation

Proposal 2: Introduce a time window TWinDrop that overlaps the slot or sub-slot of LP PUCCH/PUSCH and if the first DL transmission scheduling a HP PUCCH/PUSCH that overlaps with the LP PUCCH/PUSCH:
· ends within TWinDrop, the UE uses Rel-16 prioritisation to resolve the collision
· ends outside of TWinDrop, the UE uses Rel-17 Mux to resolve the collision



2.2 PUCCH Format 2
In RAN#94e, it was concluded that Rel-17 Mux is supported for PUCCH Format 2.  One remaining issue on PUCCH Format 2 is the RE Mapping.  The following alternatives were discussed in RAN1#107e [2]:

· 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 2 is a new method that distributes 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 the combined HP UCI and LP UCI.  A frequency first time later RE mapping, e.g. Option 1, 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.  Hence, we have a preference for Option 1.
Proposal 3: 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.  


3. Conclusion
In this contribution, we discuss some remaining issues on intra-UE UL multiplexing, and we observe the following:
Observation 1: Rel-16 prioritisation enables the gNB to schedule “last minute” low latency UL transmission that overlaps with LP channels, which is important for meeting the low latency requirement of URLLC.

Observation 2: When Rel-17 intra-UE UCI multiplexing of different L1 priorities (Rel-17 Mux) is RRC enabled, the benefit of Rel-16 prioritisation is removed and consequently the gNB is unable to schedule “last minute” low latency UL transmission that overlaps with LP channels, which may not meet the low latency requirement of URLLC.

Observation 3: The UE may not be aware of the multiplexing timelines.

Observation 4: Since there are multiple multiplexing timelines, a UE may have to monitor multiple multiplexing deadlines if these deadlines are used to determine whether the UE performs Rel-17 Mux or Rel-16 prioritisation.

Observation 5: The reference for the multiplexing deadlines S0 may change since it depends on the scheduling of the overlapping UL channels.


We therefore propose the following:
Proposal 1: Introduce mechanisms for UE to operate Rel-16 prioritisation, when Rel-17 Mux is RRC enabled in the UE.

Proposal 2: Introduce a time window TWinDrop that overlaps the slot or sub-slot of LP PUCCH/PUSCH and if the first DL transmission scheduling a HP PUCCH/PUSCH that overlaps with the LP PUCCH/PUSCH:
· ends within TWinDrop, the UE uses Rel-16 prioritisation to resolve the collision
· ends outside of TWinDrop, the UE uses Rel-17 Mux to resolve the collision


Proposal 3: 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.  
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