
3GPP TSG RAN WG1 #104b-e











R1-2103632
e-Meeting, April 12th – April 20th, 2021
Agenda Item:

8.3.3
Source:


ITRI
Title:


Discussion on intra-UE multiplexing
Document for:

Discussion and Decision
1 Introduction

Reusing the concept of existing rule as much as possible while multiplexing UCI and PUSCH of different priority indexes can avoid much specification effort. Based on this assumption, we provide our views on the conditions and schemes for intra-UE multiplexing. Also, some issues that reached no consensus (e.g., coding and alpha value for UCI with different priorities) during last meeting will be discussed.
2. Discussion
2.1 Multiplexing conditions 
Based on current NR specification, the timeline requirements for intra-UE multiplexing was defined and the UE expects all the overlapped channels satisfies the timeline requirement. It’s reasonable to reuse the Rel-15 timeline requirements for Rel-17 intra-UE multiplexing. However, due to the unpredictable property of the URLLC traffic, it may be difficult for gNB to ensure that the multiplexing timeline can be always satisfied at UE side when a bunch of overlapping channels consist of different priority indexes. To provide scheduling flexibility, the gNB should be able to schedule overlapped channels not satisfying the timeline requirements and left UE to determine whether to perform the multiplexing or prioritization. For other example, the gNB can indicate UE to perform multiplexing or prioritization for the overlapped channels by a dynamic indicator. However, we should also consider the signaling overhead issue.
Proposal 1: 

The UE can multiplex HP UCI in a LP PUSCH only if the processing time of HP UCI is sufficient. Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped.
Moreover, according to current NR specification, a UCI should be allocated close to the DMRS symbol of the PUSCH while multiplexing the UCI in a PUSCH for a better receiving performance. To meet the latency requirement, the HP UCI should only multiplexed on a set of PUSCH resource even if the PUSCH is configured with frequency hoping. Therefore, the rule for multiplexing the HP UCI and LP PUSCH should be modified. For example, UE can multiplex the HP HARQ-ACK close to the first DMRS (e.g., DMRS#2 of Figure 1) symbol that can satisfy the UE PDSCH processing procedure time. Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped if there is no proper symbol that can be selected. 

Proposal 2:
The HP UCI should only multiplexed on a set of LP PUSCH resource even if the LP PUSCH is configured with frequency hoping, and the set of PUSCH resource is selected from the first DMRS symbol of the LP PUSCH that can satisfy the timeline requirement.
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Figure 1: Example to illustrate the collision of HP HARQ-ACK and LP PUSCH.

It is important that the UE should ensure the latency of the HP UCI can be satisfied if the HP UCI is transmitted via the LP PUSCH.  But the number of symbols for multiplexing the UCI in the PUSCH would be affected by the number of PRB of the PUSCH, and it would further cause impact on the latency of the UCI.  To avoid the latency issue, one simple solution is to define the reference point which can be the latest symbol of the PUCCH resource for the HP UCI. As shown in figure 1, if the latest symbol for multiplexing the HP HARQ-ACK would not later then the latest symbol of the PUCCH, the multiplexing process is then completed. Otherwise the UE should not perform the multiplexing, drop the LP PUSCH and transmit the HARQ-ACK in the PUCCH instead.
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Figure 2: Example to determine latency requirement of HP HARQ-ACK.
Further consider the case that a LP PUSCH collides with more than one HP HARQ-ACK reports and these reports are not collide with each other, the steps discussed above could be performed individually for UE simplicity. However, the gNB should ensure that these HP UCIs can be properly multiplexed in different LP PUSCH resources to avoid addition effort on the multiple HARQ-ACK multiplexing. Otherwise, the UE should not perform the multiplexing, drop the LP PUSCH and transmit the HARQ-ACK in the PUCCH instead.
Proposal 3:

To ensure the acknowledgement response validity, a UE should perform the multiplexing procedure only if the latest symbol for multiplexing the HP UCI is not later than the latest symbol of the PUCCH. Otherwise, the UE should not perform the multiplexing.
2.2 Multiplexing schemes
During RAN1#102e meeting, it was agreed that at least beta-offset values can be separately configured for multiplexing with different priority combinations. And whether the alpha could be separated configured is FFS. The alpha factor is used to limit the number of resource elements for UCI in PUSCH. A separately configured alpha can ensure the reliability of HP PUSCH if considered to multiplex it with a LP UCI. Therefore, it is beneficial if both beta-offset and alpha could be separately configured for for multiplexing with different priority combinations of HARQ-ACK and PUSCH. Moreover, the separate encoding of LP UCI and HP UCI should be supported to meet reliability requirement correspondently since the separate beta-offset has been agreed to support different priority combinations.
Proposal 4: 
Support separate configuration of alpha for multiplexing with different priority combinations of HARQ-ACK and PUSCH.

Proposal 5: 
Support separate coding for UCI with different priority indexes when they are multiplexed on a PUSCH. 

Regarding to the method for indicating the beta-offsets for UCI corresponding to different priorities, it’s suggest not to introduce additional field in the uplink grant DCI. The beta-offsets could be determined according to higher layer signal and DCI indication, respectively. For example, when both LP HARQ-ACK and HP HARQ-ACK are multiplexed on a HP PUSCH, the beta-offset of HP HARQ-ACK could be indicated by RRC signal; while the beta-offset of LP HARQ-ACK could be indicated by the uplink grant DCI. The gNB can appropriately adjust the beta-offset of LP HARQ-ACK and the resource of PUSCH to ensure the reliability of HP HARQ-ACK. Therefore, we suggest that beta-offset=0 can be indicated by DCI, and dynamically enable/disable the multiplexing can provide flexibility on the resource scheduling. 
Proposal 6: 
When UCIs corresponding to different priorities are decided to multiplex in a PUSCH:

· The beta-offset of UCI with the same priority as PUSCH is determined by RRC; while the beta-offset of UCI with different priority from the PUSCH is determined by the UL grant DCI.
Proposal 7:

For PUCCH multiplexed in PUSCH, beta-offset configuration can be used to enable or disable the multiplexing. The multiplexing disabled if beta-offset=0; otherwise the UE should perform the multiplexing.

3. Conclusion

In this contribution we discuss some issues regarding to the conditions and schemes for intra-UE multiplexing. We have following proposals:
Proposal 1: 

The UE can multiplex HP UCI in a LP PUSCH only if the processing time of HP UCI is sufficient. Otherwise, the UE should not perform the multiplexing and the LP PUSCH should be dropped.
Proposal 2:

The HP UCI should only multiplexed on a set of LP PUSCH resource even if the LP PUSCH is configured with frequency hoping, and the set of PUSCH resource is selected from the first DMRS symbol of the LP PUSCH that can satisfy the timeline requirement.

Proposal 3:

To ensure the acknowledgement response validity, a UE should perform the multiplexing procedure only if the latest symbol for multiplexing the HP UCI is not later than the latest symbol of the PUCCH. Otherwise, the UE should not perform the multiplexing.

Proposal 4:

Support separate configuration of alpha for multiplexing with different priority combinations of HARQ-ACK and PUSCH.

Proposal 5:

Support separate coding for UCI with different priority indexes when they are multiplexed on a PUSCH. 

Proposal 6:

When UCIs corresponding to different priorities are decided to multiplex in a PUSCH:

· The beta-offset of UCI with the same priority as PUSCH is determined by RRC; while the beta-offset of UCI with different priority from the PUSCH is determined by the UL grant DCI.

Proposal 7:

For PUCCH multiplexed in PUSCH, beta-offset configuration can be used to enable or disable the multiplexing. The multiplexing disabled if beta-offset=0; otherwise the UE should perform the multiplexing.
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