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Discussion and decision
1 Introduction

For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Regarding URLLC, the following are main design targets which are given in TR38.913.
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.

· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.

There have been many efforts to sufficiently satisfy the above target requirements of latency and reliability so far in RAN1 meetings. From mini-slot related agreements from RAN1 NR#1, low latency aspects for URLLC could be supported by mini-slots, and also it was made that UL control channel format/structure/configuration for mini-slot level data scheduling may have those of slot level data scheduling.

In terms of reliability aspect, following agreements were made to improve reliability (or UL coverage) of PUCCH transmissions for UEs for both long PUCCH duration and short PUCCH duration. 
	RAN1#88 Agreements:
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot


	RAN1#89 Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.

· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.

RAN1#89 Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation



This contribution discusses PUCCH design for URLLC in terms of reliability aspects. 
2 Discussions 
Repetition


NR already supported 1 or 2 symbols for short PUCCH format and from 4 to (slot length – 1) symbols for long PUCCH. Both formats can be supported for URLLC with different latency requirement and different numerology such as subcarrier spacing. In previous RAN1 meeting, it was agreed that option 1-1 (that same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH) is supported for sending UCI with up to 2 bits for 2 symbol PUCCH. So, repetition of 1 symbol PUCCH format was allowed at least for 2 symbols to enhance reliability as well as UL coverage extension. 

If  reliability requirements of URLLC is still not satisfied by the option 1-1, repetition of 1 symbol PUCCH format across more than 2 symbols with potential frequency hopping pattern (if supported) can be considered to satisfy  reliability requirements. In other words, it can be considered for reliability that long PUCCH format is used for repetition of 1 symbol PUCCH format with frequency hopping patterns. In this case, gNB indicates repetition of 1 symbol PUCCH across more than 2 symbols by a DCI. So, it could be considered that repetition related indication is required to support repetition of 1 symbol PUCCH by using long PUCCH format. 
Proposal 1: Repetition of 1 symbol PUCCH over multiple symbols needs to be allowed for improving reliability. 


A long PUCCH format based on LTE PUCCH format 1a/1b is most suitable due to the increased DMRS density and the better support of DTX detection (improved HARQ-ACK BLER for DTX-to-ACK probability of 1%). In addition, UCI payloads of 1 or 2 bits, even though there is no material difference between repetition coding and RM coding, PUCCH formats 1a/1b outperform PUCCH format 2 or PUCCH format 3 by at least 1 dB and probably by more than 1 dB if only 1 DMRS per half-slot (as opposed to 2 DMRS per slot in LTE) is applicable for NR long PUCCH formats that may be based on PUCCH format 2 or PUCCH format 3. Note that it is trivial to remove OCC from LTE PUCCH formats 1/1a/1b, rely only on cyclic shifts for UE multiplexing. Therefore, at least a long PUCCH format based on LTE PUCCH format 1/1a/1b structures should be supported at least for mini-slot.
Proposal 2: NR supports a long PUCCH format based on LTE PUCCH format 1/1a/1b for UCI payloads of 1 bit or 2 bits to achieve high reliability.

Repetition schemes can improve UE uplink coverage as well as reliability. Here, it is noted that all PUCCH channels do not have to satisfy URLLC reliability requirements because repetitions can increase latency for potential uplink data transmission. Accordingly, NR should consider only limited uplink channels (or environments) which are able to support PUCCH repetitions based latency requirement. For example, short PUCCH having 1 or 2 symbols may be allowed to support repetition, on the other hand, long PUCCH having more than arbitrary symbols may not be allowed to support repetition at certain numerology due to latency requirement. 

Among possible PUCCH contents such as CSI information, HARQ-ACK and SR, it is better to prioritize to consider both HARQ-ACK and SR for reliability requirement rather than CSI information. This is because HARQ-ACK and SR is more directly related to PDSCH or PUSCH transmission than CSI information. Also, the payload size of CSI information may be generally larger than that of HARQ-ACK and SR. So, it is difficult to satisfy reliability requirement for CSI information having large payload size in comparison to HARQ-ACK and SR. 

In case of multiple HARQ-ACK bits configuration for CBG (Code Block Group) retransmission mode, it might be not adjustable to URLLC case since URLLC requires very small payload size for data transmission and CBG itself therefore does not have any motivation on URLLC case. Furthermore, it seems that these two things have been designed for separate targets. 
Proposal 3: NR should carefully consider defining which PUCCH channel should be satisfied with reliability requirement as well as latency requirement. 

Frequency hopping


Regarding frequency hopping, it was already agreed that intra-slot frequency-hopping is supported for both short and long PUCCH. Frequency-hopping can improve diversity gain to UE, and then it will make high reliability. But, frequent frequency hopping within PUCCH resources may increase UE complexity and/or decrease performance due to UL power on/off mask issue. Therefore impacts from UL power on/off mask should be carefully considered when frequency hopping pattern is designed.  
Proposal 4: NR considers potential impacts from UL power on/off mask when frequency hopping pattern is designed for URLLC.
3 Conclusions
In this contribution, PUCCH design for URLLC was discussed. It can be summarized as below.
Proposal 1: Repetition of 1 symbol PUCCH over multiple symbols needs to be allowed for improving reliability.
Proposal 2: NR supports a long PUCCH format based on LTE PUCCH format 1/1a/1b for UCI payloads of 1 bit or 2 bits to achieve high reliability.
Proposal 3: NR should carefully consider defining which PUCCH channel should be satisfied with reliability requirement as well as latency requirement.
Proposal 4: NR considers potential impacts from UL power on/off mask when frequency hopping pattern is designed for URLLC.
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