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Introduction
[bookmark: _Ref129681832]In RAN#80 plenary meeting [1], a new SID on physical layer enhancements for NR URLLC was approved for Rel-16. The study will establish the baseline performance achievable with Rel-15 URLLC considering the prioritized URLLC use cases (e.g. Transport industry, Electrical power distribution, factory automation and entertainment industry), and investigate the necessary improvement for the prioritized URLLC use cases and how to meet the requirements for those use cases in Rel-16 with higher requirements, such as:
· 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.
In the RAN1#95 meeting [2], it has been agreed for PDCCH enhancement that:
Agreements:
For link-level PDCCH evaluation, the target operating BLER of DCI(s) scheduling HARQ-less PDSCH/PUSCH should be smaller than 1e-x in Rel-16 NR URLLC, at the 5%-tile SINR geometry.   
· x is the reliability requirement given in the table of representative use case for evaluation agreed in the RAN1#94bis meeting.
· The 5%-tile SINR geometry is obtained by system-level simulation assuming full buffer for a given evaluation scenario.
· This target assumes no HARQ re-transmssion

Agreements:
· No change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective

Agreements:
· To further study DCI for URLLC with a size potentially smaller than that of Rel-15 fallback DCI
· Consider using Rel-15 fallback DCI as a starting point for Rel-16 URLLC DCI
· Target a reduction of at least 10-16 bits compared to Rel-15 fallback DCI
· Companies report how to achieve the DCI size reduction
· The link level performance gain from PDCCH reliability perspective 
· Check at least AL=16 
· PDCCH resource utilization considering all UEs in the cell
· Check AL=1/2/4/8/16 
· If retransmission is feasible with the latency bound, different BLER target can be used
· The PDCCH blocking probability when applicable  
· The performance impact from compact DCI including impact to PDSCH/PUSCH capacity when applicable
· The impact on PDCCH blind decoding/DCI size budget 
· The impact on PDSCH/PUSCH scheduling flexibility 
· At least Rel-15 enabled use cases should be evaluated for the above study
This contribution discusses the enhancement on PDCCH by enabling PDCCH repetition in time domain and analyzes the benefits of introducing PDCCH-ACK fed back from the UE for terminating the PDCCH repetitions.
Time domain PDCCH repetition
As raised in our companion contribution [3], the PDCCH blocking may occur under the case where multiple Rel-16 URLLC UEs are served in the same cell, which critically harms the latency. As a method to alleviate the PDCCH blocking issue, PDCCH repetition in the time domain can be investigated. Instead of transmitting one PDCCH with high aggregation level, two repetitions each with half the aggregation level are sent in different symbols. This can give a similar reliability as using the higher aggregation level, but has two advantages: 
· A finer granularity is applied in each transmission. It is then easier for the gNB scheduler to find available resources for the PDCCH transmission without blocking other users. 
· Fast feedback (e.g. PDCCH-ACK) in between two PDCCH repetitions can be introduced. Upon reception of the PDCCH-ACK, the gNB can cancel the remaining PDCCH transmission occasion(s). Thus the PDCCH resources after the termination of the repetition(s) can be saved and used for serving other UEs so that the blocking can be relaxed.
PDCCH repetition in frequency domain is also an alternative, which splits one DCI with higher AL to multiple DCIs each with relatively smaller ALs within the same CORESET. Although frequency domain PDCCH repetition can also achieve the benefit of finer granularity, the fast feedback for frequency domain PDCCH repetitions is not feasible, thus the time domain PDCCH repetition should be studied with higher priority.
Proposal 1: Time domain PDCCH repetition shall be supported to relax the PDCCH blocking issue.
Fast feedback for terminating PDCCH repetitions
During the Rel-15 discussions, several options for PDCCH repetition had been brought up. These options have different advantages and disadvantages in terms of performance and complexity. They are summarized below:
Table 1 – Overview about different schemes for time-domain PDCCH repetition
	Scheme
	Description
	Complexity
	Performance

	No PDCCH combining, 
PDCCHs point to the same PDSCH
	[image: ]
	· Least complexity, 
· no spec impact
	· Can increase the reliability in case of interference that is confined to symbols.
· In case of correlated channels, reliability is decreased compared to high using one PDCCH with a higher AL.
· Latency might be increase since PDSCH is scheduled after the last PDCCH

	PDCCH combining, PDCCHs point to same PDSCH
	[image: ]
	· More BD is required due to PDCCH combining, 
· Earlier PDCCHs need to be buffered
	· Can increase the reliability in case of interference that is confined to symbols.
· In case of correlated channels, reliability is comparable to high using one PDCCH with a higher AL
· Latency might be increase since PDSCH is scheduled after the last PDCCH

	No PDCCH combining, PDCCHs point to their own  PDSCH
	[image: ]
	· Low complexity 
· Little spec impact
	· Can increase the reliability in case of interference that is aligned with symbols.
· In case of correlated channels, reliability is decreased compared to high using one PDCCH with a higher AL
· Low latency

	PDCCH combining
Possible PDSCH combining
PDCCH ack
	[image: ]
	· Some Specification impact
· More BD
· PDCCH buffering
	· Can increase the reliability in case of interference that is confined in symbols.
· In case of correlated channels, reliability is comparable to high using one PDCCH with a higher AL
· Low latency
· Efficient resource utilization. Subsequent PDSCH/PDCCH can be cancelled, releases PDCCH resources



In our view, the best performance with still controllable implementation cost is achieved by combining 2 features, i.e. by the options described in the last two rows of Table 1 above:
· Repeated transmission of PDCCH/PDSCH pairs
· Possibility for fast UE feedback after the first PDCCH transmission     
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Between two PDCCH repetition occasions, the possible candidates for instant UE feedback for terminating the PDSCH reception include explicit feedback of PDCCH-ACK/NACK, or implicit feedback such as A-CSI or normal HARQ-ACK. 
For example, if PDSCH ACK is received between two PDCCH/PDSCH pairs, the gNB can omit the transmission of the remaining PDCCH/PDSCH pair(s) and the resource can be saved for serving other UEs. Alternatively, a fast A-CSI report triggered by one PDCCH can also be viewed as an implicit ACK for the PDCCH. Upon the reception of the A-CSI report at the gNB, the gNB may stop the following PDCCH repetition and may also adjust the power settings of the subsequent PDSCH transmission. From this perspective, PDCCH repetition over multiple PDCCH monitoring occasions is beneficial and would further improve the link level and system performance in terms of resource utilization. Also, PDCCH repetition in time domain can shorten the latency when the first PDCCH transmission already is successfully decoded.
Observation: A fast feedback scheme for the PDCCH/PDSCH between PDCCH/PDSCH pairs in time domain can save PDCCH overhead and can improve the PDSCH reliability, and thereby increasing the overall system performance. 
Proposal 2: A fast UE feedback mechanism upon reception of the PDCCH and/or PDSCH shall be supported.
Conclusions
The contribution mainly discusses the enhancement on PDCCH by enabling PDCCH repetition in time domain, and analyzes the benefits of introducing PDCCH-ACK fed back from UE for terminating the PDCCH repetitions. Based on the discussions, the following proposals are given:
Observation: A fast feedback scheme for the PDCCH/PDSCH between PDCCH/PDSCH pairs in time domain can save PDCCH overhead and can improve the PDSCH reliability, and thereby increasing the overall system performance. 
Proposal 1: Time domain PDCCH repetition shall be supported to relax the PDCCH blocking issue.
Proposal 2: A fast UE feedback mechanism upon reception of the PDCCH and/or PDSCH shall be supported.
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