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Discussion and Decision
1 Introduction

During RAN1#107-e meeting we have following agreements regarding to the framework of Rel-17 Intra-UE multiplexing and prioritization:

	Agreement
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:

· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 

· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 

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 this contribution, we present our views on some remaining details for the multiplexing and prioritization.
2. Discussion
During RAN1#107-e meeting, two separate UE capabilities for handling the multiplexing of PUCCHs/PUSCHs with different priorities were proposed. The first one is a UE expects Rel-15 multiplexing timeline should always be met for all overlapping channels and then performs multiplexing/prioritization for channels with different priorities according to Rel-17 rules (i.e., Capability #1); while the second one is supporting dynamically enable/disable the Rel-17 multiplexing for channels with different priorities in step 2 (i.e., Capability #3). The Capability #1 can provide lower UE implementation complexity benefit but may impact on the latency of HP UCI and HP PUSCH. The Capability #3 allows a gNB to flexibly decide whether to perform the multiplexing, thus the latency of HP UCI and HP PUSCH could be avoided but increasing the UE implementation complexity. The Capability #1 has been approved for handling the Rel-17 intra-UE multiplexing while the Capability #3 were set as working assumption and some details should further discussed. From our point of view, both capabilities could be supported to support various needs of scenarios. In the following, we provide our views on handling the issues of Capability #3 raised during last meeting.
The first issue is whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent. Our preference is not allow UE to handle inconsistent indication among multiple DCIs. A consistent indication among multiple DCIs is a simple solution and is more reliable than following last DCI as some companies suggested. Moreover, inconsistent indication among multiple DCIs may lead the demultiplexing of previously multiplexed PUCCH/PUSCH channels. Since the demultiplex operation is a new function in NR, we should avoid to handle this issue considering the implementation complexity, specification impact and time budget of this WI.

Proposal 1: 

Dynamic indication in multiple DCIs associated with a group of overlapping channels should be consistent.
Proposal 2: 

UE should not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels.
Another issues is whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority. The collision is allowable only if the multiplexing timeline can be satisfied and the dynamic indication in multiple DCIs associated with a group of overlapping channels are consistent. Otherwise, the situation would become more complicate. For example, consider the case when a HP PUSCH scheduled by an UL grant DCI and the DCI disabling the multiplexing of LP UCI that overlaps with the HP PUSCH. It may cause the demultiplex of previously multiplexed PUCCH/PUSCH channels if another UL channel of a same priority (e.g., HP PUCCH) collides with both HP PUSCH and LP PUCCH.
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Figure 1: Inconsistent indications in multiple DCIs associated with HP PUCCH/PUSCH.

Proposal 3: 

An UL channel associated with a DCI disabling multiplexing can collide with another UL channel of a same priority if dynamic indication in multiple DCIs associated with a group of overlapping channels are consistent.
The last issue is regarding to the configuration of prioritization/multiplexing for channels without dynamic indication. For the case if the UL channel is a type 1 CG-PUSCH or a periodic CSI report, one simple solution is UE always assume the Rel-17 multiplexing is enabled, the multiplexing timeline should be satisfied and handled by gNB configuration if it would be collided with other channel(s). For the case if the UL channel is a type 2 CG-PUSCH, a SPS CSI report or a PUCCH for HARQ-ACK corresponding to a SPS PDSCH, whether to apply the  Rel-17 multiplexing can be determined according to the dynamic indication of the validation DCI if the indication is configured in the DCI. Otherwise, the UE should always assume the Rel-17 multiplexing is enabled, the multiplexing timeline should be satisfied and handled by gNB configuration if it would be collided with other channel(s). Furthermore, in order to void the demultiplex of previously multiplexed PUCCH/PUSCH channels, if a set of UL channels without dynamic indication are decided to be multiplexed, the UE should not expect the set of UL channel would overlap with other UL channel which indicating to disable the multiplexing.
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Figure 2: Consistent multiplexing behaviour among a group of overlapping channels.

Proposal 4: 

The configuration of prioritization/multiplexing for channels without dynamic indication can be determined according to the dynamic indication of validation DCI, if any. Otherwise, the UE should always assume the Rel-17 multiplexing is enabled for the channels, the multiplexing timeline should be satisfied and handled by gNB configuration.
Proposal 5: 

If a set of UL channels without dynamic indication are decided to be multiplexed, UE should not expect the set of UL channel would overlap with other UL channel which is dynamically indicated to disable the multiplexing.
Moreover, according to current NR specification, a UCI should be allocated close to the DMRS symbol of the PUSCH while multiplexing it in a PUSCH for better receiving performance. To avoid the latency problem of HP UCI, the HP UCI should only be multiplexed on a single set of PUSCH resource (i.e., close to the set of consecutive OFDM symbol(s) carrying DMRS in the first hop) even if the PUSCH is configured with frequency hoping. For example, UE can multiplex the HP HARQ-ACK close to the first DMRS (e.g., DMRS#1 of Figure 3) symbol of first hop LP PUSCH. 

Proposal 6:

The HP UCI should only be multiplexed on a single set of LP PUSCH resource even if the LP PUSCH is configured with frequency hoping.
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Figure 3: Example to illustrate the collision of HP PUCCH and LP PUSCH with frequency hopping.

3. Conclusion

In this contribution we discuss some issues regarding to the Capability #3 and some multiplexing scheme for Rel-17 intra-UE multiplexing. We have following proposals:
Proposal 1: 

Dynamic indication in multiple DCIs associated with a group of overlapping channels should be consistent.
Proposal 2: 

UE should not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels.
Proposal 3: 

An UL channel associated with a DCI disabling multiplexing can collide with another UL channel of a same priority if dynamic indication in multiple DCIs associated with a group of overlapping channels are consistent.
Proposal 4: 

The configuration of prioritization/multiplexing for channels without dynamic indication can be determined according to the dynamic indication of validation DCI, if any. Otherwise, the UE should always assume the Rel-17 multiplexing is enabled for the channels, the multiplexing timeline should be satisfied and handled by gNB configuration.
Proposal 5: 

If a set of UL channels without dynamic indication are decided to be multiplexed, UE should not expect the set of UL channel would overlap with other UL channel which is dynamically indicated to disable the multiplexing.

Proposal 6:

The HP UCI should only be multiplexed on a single set of LP PUSCH resource even if the LP PUSCH is configured with frequency hoping.
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