3GPP TSG RAN WG1 #102-e                                                                         R1-2005777
e-Meeting, Aug 17th – 28th, 2020

Agenda Item:	8.3.3
Source:	NEC
Title:	Discussion on Intra-UE prioritization and multiplexing
Document for:	Discussion 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the TSG-RAN#88e plenary meeting, the scope of revised WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR physical layer enhancements for NR URLLC was defined for Release 17 [1]. One of the objectives of this WI is intra-UE prioritization/multiplexing of traffic with different priority as outlined below.
[bookmark: _Hlk46312425]Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a.	Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 

b.	Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline.   

In this contribution, we discuss our views on intra-UE UCI-UCI and UCI-PUSCH collision and PHY prioritization of overlapping DG and CG PUSCH of different PHY priorities.

[bookmark: _Ref129681832]Intra-UE UCI-UCI and UCI-PUSCH collision
Intra-UE prioritization/multiplexing for two UL transmissions overlapped in time domain 
Rel-16 supports prioritization to handle the collision of traffic with different priorities and drops the low priority signals/channels. However, it is not efficient from system performance perspective to always drop the signal/channel with low priority. There are two options which can be considered for avoiding dropping of low priority transmission as given below. 
Option 1: Multiplexing of control and/or data channels considering the latency and reliability requirements of traffic with different priority. If latency and/or reliability requirements of high priority traffic are determined to be compromised, drop the low priority transmission. 
Option 2: If multiplexing of traffic with different priority does not seem feasible due to latency and/or reliability constraints, support simultaneous PUCCH and PUSCH transmission on different carriers. 
Considering the above two options, intra-UE multiplexing/prioritization behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities can be defined as given in Table 1. For collision handling between eMBB HARQ-ACK and URLLC HARQ-ACK, another possible option that can be considered is to resend eMBB HARQ-ACK using Rel-16 NR-U HARQ-ACK feedback mechanism as a baseline as shown in Table 1. 
Compared to option 1, option 2 can help to avoid spectral efficiency loss caused by dropping low priority transmission. Therefore, this could be considered for improved system performance. However, power sharing between PUCCH/PUSCH with different priority should be considered for power limited cases.
Proposal 1: Consider supporting simultaneous PUCCH/PUSCH transmission on different carriers to avoid spectral efficiency loss caused by always dropping low priority transmission.

[bookmark: _Ref46818226]Table 1 Collision handling of UL channels with different priorities
	
	URLLC SR
	URLLC HARQ-ACK
	A-CSI on PUSCH
	URLLC PUSCH

	eMBB SR
	Drop eMBB SR
	Reuse Rel-15 multiplexing rule as baseline if URLLC latency is satisfied, otherwise, drop eMBB SR
	Drop eMBB SR
	Drop eMBB SR

	eMBB HARQ-ACK
	Reuse Rel-15 multiplexing rule for all SR and HARQ-ACK collision cases except for eMBB HARQ-ACK with PF1 vs URLLC SR with PF0. For such case, 
Option 1: drop eMBB HARQ-ACK
Option 2: Parallel PUCCH transmission on different carriers
	Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK in PUCCH resource for URLLC HARQ-ACK if the maximum code rate of the multiplexed PUCCH resource does not exceed. Otherwise, Option 1: drop eMBB HARQ-ACK
Option  2: Parallel PUCCH transmission on different carriers
Option 3: Employ NR-U one-shot HARQ-ACK feedback mechanism to resend eMBB HARQ-ACK
	Multiplex eMBB HARQ-ACK and URLLC A-CSI on PUSCH by rate matching
	eMBB HARQ-ACK bits are piggybacked on PUSCH


	P-CSI/SP-CSI on PUCCH
	Drop P-CSI/SP-CSI
	Drop P-CSI/SP-CSI
	Drop P-CSI/SP-CSI
	Drop P-CSI/SP-CSI

	eMBB PUSCH
	Multiplex SR on PUSCH by rate matching/puncture if timeline is satisfied. Otherwise, Option 1: drop eMBB PUSCH
Option 2: simultaneous PUCCH  and PUSCH transmission on different carriers
	Multiplex HARQ-ACK on PUSCH by rate matching/ puncture if timeline is satisfied. Otherwise, Option 1: drop eMBB PUSCH
Option 2: simultaneous PUCCH and PUSCH transmission on different carriers
	Multiplex A-CSI on PUSCH by rate matching if timeline is satisfied. Otherwise,  Option 1: drop eMBB PUSCH
Option 2: Parallel PUSCH transmission on different carriers
	Drop eMBB PUSCH




Intra-UE prioritization/multiplexing for more than two UL transmissions overlapped in time domain  
In Rel-16, for a UE with different services, in case more than two UL transmissions with different priorities are overlapped in time domain, two steps are carried out to resolve the collisions:
· Step 1: UE firstly resolves the collision between UL transmissions with same priority.  
· Step 2: Then UE resolves the collision between UL transmissions with different priorities by dropping the low priority UL transmission(s).
As pointed out earlier, always dropping the low priority transmission reduces efficiency. Therefore, enhancement on intra-UE prioritization/multiplexing for the collision between more than two UL transmissions should be also considered. Our views are given for the possible collision cases as following:
· Case 1: Collision between a low priority PUCCH and two non-overlapping high priority PUCCHs
In case a low priority eMBB PUCCH overlaps with two non-overlapping high priority URLLC PUCCHs  in time domain, following two options can be considered:
· Option 1: For this case, two steps can be applied to resolve the collisions:
· Step 1: UE determines the early overlapping between two channels with different priority in time domain   
· Step 2: For the determined collision between two UL channels with different priority, multiplex the UCI of low priority PUCCH on the high priority PUCCH if the multiplexing condition listed in the Table 1 is satisfied, otherwise, drop the low priority PUCCH.
For example, in case a PUCCH for eMBB HARQ-ACK overlaps with two non-overlapping sub-slot based PUCCHs for URLLC HARQ-ACK, multiplex the eMBB HARQ-ACK on the first PUCCH for URLLC HARQ-ACK if timeline is satisfied and the maximum code rate of the multiplexed PUCCH resource is not exceeded, otherwise, drop eMBB HARQ-ACK.
[image: ]
Fig.1 Example for a PUCCH for eMBB HARQ-ACK overlapping with two sub-slot based PUCCHs for URLLC HARQ-ACK
· Option 2: Simultaneously transmit high priority PUCCHs and low priority PUCCH on different carriers.
· Case 2: Collision between a low priority PUSCH and two non-overlapping high priority PUCCHs
In case a low priority eMBB PUSCH overlaps with two non-overlapping high priority URLLC PUCCHs in time domain, following two options can be considered:
· Option 1: multiplex UCIs carried on two high priority PUCCHs on the low priority PUSCH by rate matching if the timeline and reliability of URLLC is satisfied, otherwise, drop the low priority PUSCH. For example, as shown in the Fig.2, in case a PUSCH for eMBB UL-SCH is overlapping with two non-overlapping sub-slot based PUCCHs for URLLC HARQ-ACK, URLLC HARQ-ACK bits carried on two sub-slot based PUCCHs are piggybacked on eMBB PUSCH if the timeline and reliability are satisfied, otherwise, only transmit two PUCCHs for URLLC HARQ-ACK and drop eMBB PUSCH.
[image: ] 
Fig.2 Example for an eMBB PUSCH overlapped with two sub-slot based PUCCHs for 
URLLC HARQ-ACK
· Option 2: Simultaneously transmit high priority PUCCHs and low priority PUSCH on different carriers.
 Proposal 2: Consider supporting multiplexing or simultaneous PUCCH/PUSCH transmission on different carriers for the collision between more than two UL transmissions with different priorities.  

 Collision of configured grant and dynamic grant PUSCH
In Rel-16, there is no consensus in RAN1 for the support of the following
· high priority DG cancel the transmission of low priority CG in the physical layer
· high priority CG cancel the transmission of low priority DG in the physical layer

On the first case, i.e. a high priority (HP) DG PUSCH overlapping with a low priority (LP) CG PUSCH, it is noted that Rel-15 already supports DG overriding CG even with the same priority. In order to improve system efficiency in the presence of eMBB and URLLC traffic, partial cancellation of the ongoing LP CG must be supported and a cancellation timeline must be defined to avoid inconsistency between MAC and PHY. Using Rel-16 timeline and solution for cancellation in case of collision between HP and LP channel, we support that PHY layer can make the prioritization so that the UE is expected to cancel the overlapping LP CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
Similarly, for the second case i.e. a HP CG PUSCH overlapping with a LP DG PUSCH, it is proposed to support cancellation of the LP DG PUSCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
Proposal 3: UE supports PHY prioritization for collision handling between CG and DG PUSCH of different priorities and cancels the low priority transmission at latest starting at the first symbol of the high priority PUSCH.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following proposals.
Proposal 1: Consider supporting simultaneous PUCCH/PUSCH transmission on different carriers to avoid spectral efficiency loss caused by always dropping low priority transmission.
Proposal 2: Consider supporting multiplexing or simultaneous PUCCH/PUSCH transmission on different carriers for the collision between more than two UL transmissions with different priorities.  
Proposal 3: UE supports PHY prioritization for collision handling between CG and DG PUSCH of different priorities and cancels the low priority transmission at latest starting at the first symbol of the high priority PUSCH.
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