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Introduction

In RAN#80 plenary meeting a new SI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed [1]. One of the identified objectives of this SI is to study the physical layer enhancements for URLLC:
· 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 gNB), (for existing TTI durations)

In this document, we discuss potential physical layer enhancements for PDCCH, and PUCCH.
1 PDCCH Enhancements

The PDCCH physical channel enhancements such as Compact DCI and PDCCH repetition were extensively discussed and evaluated in Rel-15 NR but no consensus was achieved. The new Rel-16 SI on URLLC has defined much more stringent requirements (Higher reliability up to 1E-6 level) for the new identified use-cases such as Factory automation, Transport Industry, and Electrical Power Distribution. We believe further study with a new set of baseline evaluation assumptions and methodology are needed to make further progress on this aspect of URLLC enhancements. Besides, one of the key techniques to further enhance reliability for the URLLC applications is to enable multi-TRP/panel feature which is now in the scope of Rel-16 NR MIMO Enhancement WI [2]. We believe these two efforts should be harmonized to some degree to help RAN1 to identify the most efficient solutions for addressing the URLLC stringent requirements.

Proposal 1: Baseline evaluation assumptions and methodology should be agreed for further evaluation of the potential enhancements of PDCCH for NR Rel-16.

PDCCH Monitoring Enhancement

One challenge in the URLLC design is how to reduce the blocking probability for PDCCH. To avoid PDCCH blocking for URLLC or reducing its probability, more flexibility in PDCCH assignment for URLLC is desired. One approach to address this issue is to increase the pool of possible PDCCH candidates that can be assigned at each monitoring occasion. However, this approach increases the number of required PDCCH blind decoding at the URLLC UE. One solution to address this problem is to allow this increase in the number of blind decodes (and/or number of associated CCEs) for all/some URLLC UEs, based on the category of UE or UE capability as in Rel-15 NR. However, there are limits on the number of blind decodes by the UE, and also there are limits on the number of CCEs covered by the monitored PDCCH candidates. So, solutions that could potentially improve the PDCCH scheduling flexibility while satisfying these limits should be studied as part of Rel-16 SI. In the following, some potential approaches for adaptive PDCCH blind detection are discussed. The goal is to provide PDCCH scheduling flexibility while maintaining the total number of blind decodes in a slot.
1. Adaptive PDCCH blind detection by adapting the monitoring patterns

In Rel-15 NR, a PDCCH monitoring pattern within a slot indicates first symbol(s) of the control resource set within a slot for PDCCH monitoring. To be able to adjust the monitoring occasions in a slot or over multiple slots, in Rel-16, NR may consider configuring the UE with more than one PDCCH monitoring pattern by higher layer such that each configured monitoring pattern is associated with a different number of PDCCH candidates for monitoring and non-overlapped CCEs per slot. In this case, the UE may explicitly or implicitly determine the active monitoring pattern among the configured monitoring patterns. This approach can adaptively adjust the total numbers of monitored PDCCH candidates and non-overlapped CCEs per slothat exceeds the configured maximum number of blind detections per slot and/or the UE capability. In case of explicit indication, the UE may receive a monitoring pattern indicator (MPI) in DCI and in case of implicit indication, the UE may autonomously determine the active configured PDCCH monitoring patterns based on the total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot. For example, assuming the UE is configured with two monitoring patterns, when the total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot doesn’t exceed the configured maximum number of blind detections per slot, the UE may use the first configured PDCCH monitoring pattern, otherwise, the UE may switch to the second configured PDCCH monitoring pattern.

Proposal 2: NR Rel-16 should consider introducing multiple configured PDCCH monitoring patterns. 

1. Adaptive PDCCH blind detection by restricting the monitoring occasions 

[bookmark: _Hlk520874190]In NR, a UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. In one approach for adaptive blind detection, the set of PDCCH monitoring occasions may be partitioned to a number of subsets of monitoring occasions and at each slot/mini-slot (or during each monitoring periodicity) only one subset of monitoring occasions is used by the UE for monitoring PDCCH. By restricting the UE to monitor a subset of monitoring occasions the number of PDCCH blind decoding can be reduced at the UE. The UE may determine the subset of the monitoring occasions through dynamic indication in DCI or implicitly based on other parameters. For example, the UE may receive multiple configurations by higher layer for the duration of the consecutive slots/mini-slots over which the UE monitors PDCCH or the UE may receive multiple configurations for the PDCCH monitoring periodicity. In this example, when the total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot/mini-slot exceed the configured maximum number of blind detections per slot/mini-slot or the UE capability, the UE may then monitor a subset of monitoring occasions which it determines based on a secondary set of configured duration and PDCCH monitoring periodicity.

Proposal 3: NR Rel-16 should consider introducing multiple configured durations and PDCCH monitoring periodicities. 

1. Adaptive PDCCH blind detection by adapting the PDCCH candidates

Another approach for adapting the PDCCH blind detection is to partition the configured search space (or set of search spaces) and then the UE may only monitor a subset of PDCCH candidates at each monitoring occasion. This approach to some extent is already used in Rel-15 by limiting the number of PDCCH candidates for each aggregation level for common search space sets configured by searchSpace-SIB1. By restricting the UE to monitor only a subset of PDCCH candidates in each search space set, the number of PDCCH blind decoding can be reduced at the UE. The UE may determine the subset of PDCCH candidates to be monitored for each search space set dynamically from DCI or implicitly based on other parameters.  

Proposal 4: NR Rel-16 should consider introducing restriction on the PDCCH candidates to be monitored. 

PUCCH

[bookmark: _GoBack]In Rel-15 NR, a UE may transmit up to two PUCCHs on a serving cell in different symbols within a slot, where in the case of two PUCCHs in a slot, at least one of the two PUCCHs is a short PUCCH (i.e., PUCCH format 0 or PUCCH format 2). Besides, a UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.

This limitation need to be relaxed for Rel-16 URLLC applications given that the UE should be able to receive multiple PDSCHs over multiple mini-slots within a slot and accordingly the UE should have multiple opportunities to transmit the corresponding HARQ-ACK information in multiple PUCCHs within a slot.    

Proposal 5:	NR Rel-16 should enable the UE to transmit more than one PUCCH with HARQ-ACK information
in a slot.
Summary

[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]In this contribution, some potential physical layer enhancements for URLLC were discussed. The following proposals were made:
Proposal 1: Baseline evaluation assumptions and methodology should be agreed for further evaluation of the potential enhancements of PDCCH for NR Rel-16.
Proposal 2: NR Rel-16 should consider introducing multiple configured PDCCH monitoring patterns.
Proposal 3: NR Rel-16 should consider introducing multiple configured durations and PDCCH monitoring periodicities. 
Proposal 4: NR Rel-16 should consider introducing restriction on the PDCCH candidates to be monitored. 

Proposal 5:	NR Rel-16 should enable the UE to transmit more than one PUCCH with HARQ-ACK information
in a slot.
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