[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #94				R1- 1809289
Gothenburg, Sweden, August 20th – 24th, 2018
Source 	: CAICT
Title 	: Considerations on UCI transmission enhancements to support URLLC
[bookmark: Source]Agenda Item	: 7.2.6.1
Document for	: Discussion / Decision
Introduction
According to the new approved SI [1], further improvements are needed to improve Release 15 enabled URLLC use cases and to support more tighter URLLC use cases such as factory automation, transport industry, and electrical power distribution. The objective of this study item includes the following requirements:
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.
For RAN1 work, the following items are identified for URLLC enhancements:
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gang), (for existing TTI durations)
In this contribution, we will discuss UCI transmission enhancements to support URLLC requirements in Rel.16.
Discussion
2.1 Target BLER and latency requirements of UCI for URLLC
For the target BLER of lower than 1E-6 and latency requirement of 0.5 to 1 ms for URLLC in Rel.16, the corresponding BLER and latency requirements of UCI should be further considered. As for HARQ-ACK, error case of NACK to ACK would cause final error of data transmission. Then the target performance of HARQ-ACK should be better than that of one-shot PDSCH. For UCI transmission, whether the current PUCCH formats can reach the improved target BLER should be discussed. From the latency requirements perspective, PUCCH format 0 and PUCCH format 2 could be the starting point to save time for the corresponding data process. Other than PUCCH, the reliability and latency when UCI transmission is on PUSCH also impacts the final reliability and latency of data transmission. Then the reliability and latency requirements of UCI would impact the design of PUCCH and UCI multiplexing much. It is proposed to discuss and clarify the reliability and latency requirements of UCI to support URLLC.
Proposal 1: Discuss and clarify the reliability and latency requirements of UCI to support URLLC in Rel.16. PUCCH format 0 and PUCCH format 2 could be the starting point.
2.2 UCI transmission on PUCCH
In Rel.15, simultaneous PUCCH and PUSCH transmission has not be supported. In addition, a UE may transmit at most two PUCCHs on a serving cell within a slot and a UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. These mechanisms may impact the URLLC service supporting especially from the latency point of view. The followings are some examples:
· If there is burst positive UL URLLC scheduling requirement during HARQ-ACK and or CSI transmission intervals, the UE has to delay the SR to the next configured SR occasion. The SR delay may finally lead to large latency of UL URLLC service. To satisfy the latency requirements, positive SR transmission during other UCI transmission intervals should be considered. 
· PUCCH repetition specified in Rel.15 can be used to improve the performance of UCI transmission. According to the current mechanism, when PUCCH repetition overlaps with PUSCH, the UE drops PUSCH and only transmits PUCCH. This also impacts the latency of UL URLLC service if the dropped PUSCH corresponds to URLLC data. As a result, simultaneous PUCCH and PUSCH transmission or UCI multiplexing enhancements should be considered in Rel.16 for URLLC supporting.
· To support low latency data service, it is possible the UE is constantly scheduled and more than 2 PUCCH within a slot for HARQ-ACK feedback is needed to keep pipeline processing. With this supporting introduced, UE procedure of reporting HARQ-ACK, the rule of multiple UCI multiplexing in PUCCH/PUSCH would be impacted and additional specification work is needed. It is proposed to study the specification efforts to support more than 1 PUCCH for HARQ-ACK transmission within one slot.
Proposal 2: Consider positive SR transmission during other UCI transmission intervals.
Proposal 3: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
Proposal 4: Study the specification efforts to support more than 1 PUCCH for HARQ-ACK transmission within one slot.
Conclusion
In this contribution, we discussed UCI enhancements to support URLLC requirements in Rel.16. The following proposals are reached:
Proposal 1: Discuss and clarify the reliability and latency requirements of UCI to support URLLC in Rel.16. PUCCH format 0 and PUCCH format 2 could be the starting point.
Proposal 2: Consider positive SR transmission during other UCI transmission intervals.
Proposal 3: Simultaneous PUCCH and PUSCH transmission should be considered in Rel.16 for URLLC supporting.
Proposal 4: Study the specification efforts to support more than 1 PUCCH for HARQ-ACK transmission within one slot.
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