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1. Introduction
At the last RAN plenary meeting, topics for URLLC enhancements have been discussed, and handling of UL multiplexing of transmission with different reliability requirements has been identified as one of the studies. Following is captured in the Chairman’s note.
Study of handling UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
In this contribution, we provide our initial views on this aspect.
2. High-level view
According to the URLLC requirements, reliability requirement is defined such that a data can be transferred with a sufficiently high reliability within a certain delay budget. More specifically, a 32 bytes packet shall be able to be transferred with 99.999% successful rate within 1ms delay. Considering the requirement which is totally different from that for eMBB operation, the timeline (including data TTI) would also be different between the multiplexed transmissions. However, in NR, even with the same reliability requirement, timeline (including data TTI) can be different for different TBs in the same/different serving cells. The case of same reliability requirement should be addressed first, and then, delta factors for the case of different reliability requirements should be considered. Otherwise, we may have different mechanisms for UL multiplexing of transmission with the same reliability requirement and that with different reliability requirements.
Proposal 1:
· UL multiplexing of transmission with the same reliability requirement but different timelines (including different data TTIs) should be addressed first.
· On top of that, additional factors for UL multiplexing of transmission with different reliability requirements can be addressed.

3. UL multiplexing of transmission with the same reliability requirement
At the RAN1 #91 meeting, scheduling and HARQ timeline for slot-based and non-slot-based PDSCH/PUSCH were agreed. So far, there is no restriction on scheduling or HARQ-ACK feedback timing and duration. Therefore, following collisions may occur:
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception
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Fig.1	Timeline collision between multiple transmissions or receptions.

RAN1 should discuss and conclude whether/how the above collisions are allowed. The simplest way is not to support those collisions in Rel. 15; the UE is not expected to be required any of the above cases. However, this imposes restriction on NR scheduling flexibility. For example, once a PUCCH with long duration is scheduled due to a reception of a PDSCH, the NW is not allowed to schedule another PUCCH or PUSCH transmission during the PUCCH duration, which causes scheduling delay or requires HARQ-less PDSCH for low-latency traffic with non-slot-based scheduling.
Proposal 2:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided.
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception

UE behavior for multiple transmissions or receptions with different timelines would require specific UE procedures or implementations. Therefore, UE capability signaling should be defined appropriately such that the cases can be appropriately supported. As a whole system, we think NR supports following cases. Among them, 3, 4, 7, 10 are the relevant cases in this contribution.
1. Receive up to one PDSCH in one slot
2. Receive more than one TDMed PDSCHs in one slot
3. Receive a PDSCH that cancels previously scheduled another PDSCH overlapped in time
4. Receive more than one PDSCHs in one slot
5. Transmit up to one PUSCH in one slot
6. Transmit more than one TDMed PUSCHs in one slot
7. Transmit a PUSCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
8. Transmit up to one PUCCH in one slot
9. Transmit more than one TDMed PUCCHs in one slot
10. Transmit a PUCCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time

As for the UE behavior for case 3, 7, 10, prioritizing later scheduled transmissions or receptions is preferable, so that urgent traffic with shorter timeline is prioritized over normal traffic with relaxed timeline. Indeed, LTE shortened TTI already specifies all of the above collision cases, such that short-TTI is prioritized over 1ms TTI. NR can borrow the specifications of LTE short-TTI [1]. 
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· For case 3,
· If a UE is to receive more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· For case 7,
· If a UE is to transmit more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
· For case 10,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped

4. UL multiplexing of transmission with different reliability requirements
Regarding UL, assuming the cases 7 and 10 in section 3 are supported, minimum necessary mechanisms for UL multiplexing of transmission with different reliability requirements are realized. One thing that may be missed is HARQ-ACK piggyback on PUSCH. At a previous RAN1 meeting, following agreements were achieved. This prohibits HARQ-ACK multiplexing on a PUSCH if the DL assignment for the HARQ-ACK is later than the UL grant for the PUSCH. The way to handle this case is to drop PUSCH, i.e., same as in case 10.
	Agreements:
· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH



On the other hand, for HARQ-ACK piggyback on PUSCH, dynamic beta-offset indication is supported. The beta-offset is to provide the ratio between (UL data coding rate) and (UCI coding rate). As long as target requirements for UL data and UCI are fixed, dynamic beta-offset indication is not necessary. We think the dynamic beta-offset indication was introduced to support dynamic multiplexing of different requirements on one PUSCH. The above agreements cause restriction on the usage of dynamic beta-offset indication. We suggest to clarify that the above agreements do not apply URLLC case.
Proposal 4:
· Clarify that the above agreement is for the case of same reliability requirement.

5. Conclusion
In this contribution, timeline collision between multiple receptions or transmissions for a given UE is discussed, and following proposals were made.
Proposal 1:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided.
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception
Proposal 2:
· For case 3,
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· For case 7,
· If valid UL grants are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
· For case 10,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
Proposal 4:
· Clarify that the above agreement is for the case of same reliability requirement.

References
[1] R1-1721313, ‘RAN1 decisions for WI Shortened TTI and processing time for LTE (LTE_sTTIandPT) – per topic,’ Ericsson.

- 1/6 -
image1.emf
DL

UL

PDSCH#1

Normal latency traffic

Low-latency traffic

HARQ-ACK for

PDSCH #1 on long-PUCCH 

PDSCH#2

HARQ-ACK for

PDSCH #2 on short-PUCCH 

PDCCH#1 PDCCH#2


