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Introduction
In the RAN1 #102-e meeting, the potential enhancements for intra-UE multiplexing between different priorities were discussed, and the following agreements were reached[1]. 
	[bookmark: _GoBack]Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH
 
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.



In this contribution, we further discuss the potential techniques and provide our views on above overlapping scenarios.  
[bookmark: OLE_LINK16][bookmark: OLE_LINK30][bookmark: OLE_LINK17]Discussion on multiplexing between channels with different priorities 
An important principle for intra-UE multiplexing UCI/data with different priorities is that the latency and reliability of high priority transmission should not be affected. Even if the multiplexing timelines are met, whether the UE actually multiplexes or prioritizes the transmission of PUCCH/PUSCH with high priority should be configured by the network. Therefore, it is necessary to indicate whether a high priority channel can be multiplexed with a low priority channel by dynamic scheduling DCI or RRC configuration. If the multiplexing indicator is disabled, the UE will prioritize the transmission(s) of PUCCH/PUSCH with high priority as Rel-16. Otherwise, the UE will use the enhanced Rel-17 methods for multiplexing.
Proposal 1: It is necessary to indicate whether a high priority channel can be multiplexed with a low priority channel by dynamic scheduling DCI or RRC configuration.
1.1 Overlapping between PUCCHs with different priorities UCI
From the agreements in the last meeting, at least the following three overlapping scenarios between PUCCHs with different priorities UCI need to be considered for multiplexing:
· Scenario 1: overlapping between high priority HARQ-ACK and low priority HARQ-ACK
In current spec, a UE determines the PUCCH resource for the transmission of HARQ-ACK codebook based on the codebook size and PUCCH resource indicator field, if present, in the last DCI format. When two HARQ-ACK codebook are configured for a UE, the PUCCH resources for these codebooks with different priorities are determined based on the size of each HARQ-ACK codebook and PUCCH resource indicator field, if present, in the last DCI format that schedules the PDSCH corresponding to the HARQ-ACK codebook of each priority. 
When the two PUCCH resources for the two HARQ-ACK codebooks are overlapping in the time domain and the high priority HARQ-ACK is allowed to be multiplexed with the low priority as indicated by gNB, it is better to reuse the mechanism in current spec as much as possible. Specifically, when the multiplexing timeline condition is met, the UE can first concatenates the bits of the high priority HARQ-ACK codebook and low priority HARQ-ACK codebook, and then determines a PUCCH resource based on the sum of bits of these two original HARQ-ACK codebooks and PUCCH resource indicator field, if present, in the last DCI format that schedules the PDSCH corresponding to the HARQ-ACK codebook with high priority.
The reason for using PUCCH resource indicator field in the last DCI format that schedules the PDSCH corresponding to high priority HARQ-ACK codebook is that the PUCCH resource determined by such DCI is always configured to transmit the high priority UCI, which will ensure that the reliability of high priority HARQ-ACK will not be affect by multiplexing. As for latency, it can be controlled by the gNB side.
Proposal 2: When a high priority HARQ-ACK codebook overlaps with a low priority HARQ-ACK codebook, the following procedures are supported. 
· The UE concatenates the HARQ-ACK bits with high priority first and low priority second.  
· The PUCCH resource set is determined by the overall payload of the two HARQ-ACK codebooks.
· The PUCCH resource used for transmission is determined by PUCCH resource indicator field in the last DCI that schedules the PDSCH corresponding to the high priority HARQ-ACK.
· Scenario 2: overlapping between high priority SR and low priority HARQ-ACK.
In Rel-15, if an SR overlaps with a HARQ-ACK, the PUCCH resource used for transmission after multiplexing are summarized in Table 1 according to the different PUCCH formats used for HARQ-ACK and SR.
Table 1. PUCCH resource after multiplexing HARQ-ACK and SR in Rel-15
	HARQ-ACK
SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	Case 1: The UE transmits the PUCCH in the HARQ-ACK resource using PUCCH format 0.
	Case 2: The UE only transmits a PUCCH with the HARQ-ACK information bits in the resource using PUCCH format 1.
	Case 4: The UE transmits the concatenated UCI bits of HARQ-ACK information and SR in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4.

	PUCCH format 1
	
	Case 3: For positive SR, the UE transmits a PUCCH for HARQ-ACK information in the SR resource using PUCCH format 1.
For negative SR, the UE transmits a PUCCH for HARQ-ACK information in the HARQ-ACK resource using PUCCH format 1.
	


If Rel-15 mechanism is reused in this scenario, the high priority SR will be dropped in Case 2 and the reliability of high priority SR may not be ensured since the high priority SR will be transmitted in the resource configured for low priority HARQ-ACK at least for Case 1 and Case 3.
Observation 1: Reusing Rel-15 rules for the multiplexing of high priority SR and low priority HARQ-ACK may cause low reliability for SR or even dropping of SR.
To overcome above drawbacks, a new mechanism that transmits positive SR and HARQ-ACK in the resource for SR is proposed.
· If a UE would transmit positive SR in a resource using PUCCH format 0 and at most two HARQ-ACK information bits in a resource using PUCCH format 0/1 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way as Table 9.2.5-1 and Table 9.2.5-2 in TS38.213[2] can be reused for the UE to determine a value of [image: ] and [image: ] for computing a value of cyclic shift [image: ]. 
Else, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0/1 and drops the PUCCH for negative SR.
· If a UE would transmit positive SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 0 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], 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 example, if HARQ-ACK value is 0, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 0. If HARQ-ACK value is 1, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 6.
Else, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0 and drops the PUCCH with negative SR.
· If a UE would transmit SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE reuses Rel-15 rules for multiplexing.
· If a UE would transmit positive SR in a resource using PUCCH format 0/1 and HARQ-ACK information bits in a resource using PUCCH format 2/3/4, the UE transmits only the PUCCH with the SR and drop the PUCCH with HARQ-ACK information.
Else, the UE transmits only the PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
Proposal 3: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE transmits only a PUCCH with the SR and drops the PUCCH with HARQ-ACK information.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], 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.
	Reuse Rel-15 rules.
	



· Scenario 3: overlapping between high priority SR, high priority HARQ-ACK and low priority HARQ-ACK
In Rel-16, if the overlapping occurs between more than two channels, the UE will resolve the overlapping by two steps. That is, the UE first resolves overlapping between same priorities, and then resolves overlapping between different priorities. For this scenario, if high priority SR and high priority HARQ-ACK are multiplexed first, the SR and HARQ-ACK information may be transmitted in the resource for SR, the resource for HARQ-ACK resource or a new resource. For the UE, it is complex to consider each cases after step 1 to multiplex low priority HARQ-ACK with high priority SR and HARQ-ACK since the diversified results of step 1. For the gNB, it may need to blind detect each possible resources.
A sample way for this scenario is to resolve overlapping between the same UCI type first, and then resolve overlapping between different UCI types. For this case, the UE can first multiplex, if the multiplexing conditions are met, otherwise prioritize high priority HARQ-ACK. Then, the UE can multiplex or prioritize (depending on multiplexing conditions) between the channel after step 1 and SR if the overlapping still exist.
Proposal 4: For the overlapping between more than two PUCCHs with different priorities UCI, the UE can first resolve overlapping between the same UCI type, and then resolve overlapping between different UCI types. 

1.2 Overlapping between UCI and PUSCH with different priorities
[bookmark: OLE_LINK6][bookmark: OLE_LINK22]From the agreement in the previous section, at least the following three overlapping scenarios between UCI and PUSCH with different priorities need to be considered for multiplexing:
· Scenario 4: overlapping between high priority PUSCH and low priority HARQ-ACK
In Rel-15, if a HARQ-ACK overlaps with a PUSCH, a beta_offset is defined for the UE to determine a number of resources for transmitting HARQ-ACK information in the PUSCH if the multiplexing timeline is met. In current TS38.213, the minimum value of beta_offset is 1. Due to the strict requirement of reliability of PUSCH for this scenario, more REs should be retained to transmit UL-SCH. One simple way to achieve such target is to introduce some new beta_offset values smaller than 1 in Table 9.3-1 in TS 38.213. For example, by setting the smaller beta_offset, such as 0.8, 0.5, will decrease the occupied resources of low priority HARQ-ACK accordingly to ensure the reliability of high priority UL-SCH when the UE determines to multiplex low-priority HARQ-ACK on high-priority PUSCH. 
Proposal 5: In order to ensure the reliability of high priority transmission, some new beta_offset values smaller than 1 should be introduced.
· Scenario 5: overlapping between high priority HARQ-ACK and low priority PUSCH
[bookmark: OLE_LINK27]When the gNB allows a UE to multiplex a high priority HARQ-ACK into a low priority PUSCH, a bigger beta_offset value can be configured to ensure the reliability of HARQ-ACK. The existing values of of beta_offset in Table 9.3-1 in TS 38.213 are sufficient to ensure that the high priority HARQ-ACK can be allocated more REs in low priority PUSCH. For the latency, the HARQ-ACK information should be mapped to the PUSCH resources no later than the last symbol of PUCCH resource for HARQ-ACK which is shown in Figure 1.
[image: ]
Figure 1. High priority HARQ-ACK multiplex on low priority PUSCH
[bookmark: OLE_LINK34][bookmark: OLE_LINK18][bookmark: OLE_LINK46][bookmark: OLE_LINK35][bookmark: OLE_LINK15]Proposal 6: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.

· Scenario 6: overlapping between high priority HARQ-ACK, low/high priority PUSCH and low priority HARQ-ACK
If the Rel-16 two-step multiplexing principle is applied, the UE will first solve the overlapping between high priority HARQ-ACK and high priority PUSCH or between low priority HARQ-ACK and low priority PUSCH, then solve the overlapping between high priority PUSCH with HARQ-ACK and low priority HARQ-ACK or between low priority PUSCH with HARQ-ACK and high priority HARQ-ACK. If the multiplexing operation for different priorities is allowed by the gNB, the UE will finally multiplex these two HARQ-ACKs on low/high priority PUSCH inevitably, which will make PUSCH to carry more information.
On the other hand, if the UE can multiplex two HARQ-ACKs first, it is possible that these two HARQ-ACKs will be transmitted in a new PUCCH resource which will not overlap with the low/high priority PUSCH. Alternatively, if the PUCCH resource carrying two HARQ-ACKs still overlap with the low/high priority PUSCH, the UE resolves the overlapping between this PUCCH and PUSCH, e.g., multiplexes this two HARQ-ACKs on high/low priority PUSCH, if multiplexing conditions are met, or prioritizes the transmission of PUCCH carrying HARQ-ACKs and drops the transmission of low priority PUSCH otherwise.
Proposal 7: For the overlapping between more than two PUCCH with different priorities and low/high priority PUSCH, 
· the UE first resolves overlapping channels between the same UCI type, e.g., high priority HARQ-ACK and low priority HARQ-ACK, 
· then resolves overlapping channels between UCI and low/high priority PUSCH if the overlapping still exists after overlapping processing between the same UCI type.
Discussion of overlapping scenario between low priority DG PUSCH and high priority CG PUSCH
The overlapping scenario between low priority DG PUSCH and high priority CG PUSCH is supported in Rel-16 and Rel-17. In Rel-16, from our understanding, when the timeline defined in TS38.214[3], as shown in Figure 2, is met, the UE can be scheduled a low priority DG PUSCH that overlaps with a high priority CG PUSCH, and MAC layer should only deliver the PDU transmitted in the high priority CG PUSCH to PHY layer. If the PHY layer assumes that the empty PUSCH will not be transmitted, it is equivalent to that the high priority PUSCH will be prioritized and the low priority PUSCH will be dropped when a DG PUSCH overlaps with a CG PUSCH. However, this understanding is not captured in the current spec.
--------------------------------------------Text in Section 6 in TS38.214 [3]-----------------------------------
	6.1	UE procedure for transmitting the physical uplink shared channel
<---------------------------Other parts are omitted ------------------------------->
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Clause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
<---------------------------Other parts are omitted ------------------------------->



[image: ]
Figure 2. Rel-16 timeline for a UE is scheduled to a DG PUSCH overlapping with a CG PUSCH
Anyway, in Rel-17, the priority transmission should depend on the priority index in scheduling DCI or RRC parameter both at the MAC layer and at the PHY. By the way, the timeline for overlapping between CG PUSCH and DG PUSCH is that the CG PUSCH and the DG PUSCH meet the timeline of preparing data respectively, and the high-priority channel should add an additional d symbols due to cancel the low-priority channel. In other words, it is allowed to schedule a DG PUSCH and a CG PUSCH to overlap after the N2 symbol before the CG PUSCH, as long as they meet the additional d symbol requirement to cancel the DG PUSCH.
Therefore, we give following proposal:
Proposal 8: RAN1 should clarify that for the overlapping scenario between low priority DG PUSCH and high priority CG PUSCH, the UE prioritizes the transmission with high priority index and drops the transmission with low priority index. Besides, the scheduling time of DG PUSCH need not be limited by the timeline defined in current spec.

Conclusions
According to the analysis given above, we have the following observation and proposals:
Observation 1: Reusing Rel-15 rules for the multiplexing of high priority SR and low priority HARQ-ACK may cause low reliability for SR or even dropping of SR.
Proposal 1: It is necessary to indicate whether a high priority channel can be multiplexed with a low priority channel by dynamic scheduling DCI or RRC configuration.
Proposal 2: When a high priority HARQ-ACK codebook overlaps with a low priority HARQ-ACK codebook, the following procedures are supported. 
· The UE concatenates the HARQ-ACK bits with high priority first and low priority second.  
· The PUCCH resource set is determined by the overall payload of the two HARQ-ACK codebooks.
· The PUCCH resource used for transmission is determined by PUCCH resource indicator field in the last DCI that schedules the PDSCH corresponding to the high priority HARQ-ACK if the multiplexing conditions are met.
Proposal 3: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK if the multiplexing conditions are met.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE transmits only a PUCCH with the SR and drops the PUCCH with HARQ-ACK information.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], 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.
	Reuse Rel-15 rules.
	


Proposal 4: For the overlapping between more than two PUCCHs with different priorities UCI, the UE can first resolve overlapping between the same UCI type, and then resolve overlapping between different UCI types.
Proposal 5: In order to ensure the reliability of high priority transmission, some new beta_offset values smaller than 1 should be introduced.
Proposal 6: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.
Proposal 7: For the overlapping between more than two PUCCH with different priorities and low/high priority PUSCH, 
· the UE first resolves overlapping channels between the same UCI type, e.g., high priority HARQ-ACK and low priority HARQ-ACK, 
· then resolves overlapping channels between UCI and low/high priority PUSCH if the overlapping still exists after overlapping processing between the same UCI type.
Proposal 8: RAN1 should clarify that for the overlapping scenario between low priority DG PUSCH and high priority CG PUSCH, the UE prioritizes the transmission with high priority index and drops the transmission with low priority index. Besides, the scheduling time of DG PUSCH need not be limited by the timeline defined in current spec.

Reference
[1] 3GPP, RAN1#102-e Chairman’s notes. 
[2] 3GPP TS 38.213-g30, Physical layer procedures for control, Release 16.
[3] 3GPP TS 38.214-g30, Physical layer procedures for data, Release 16.



9


image1.wmf
0

m


image2.wmf
CS

m


image3.wmf
a


image4.emf
High priority HARQ-ACK

Low priority PUSCH

slot

Resources can 

be used to map 

HARQ-ACK

slot

Before multiplexing

After multiplexing


image5.emf
CG PUSCH

DG PUSCH

DCI

N

2


