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Introduction
In RAN1 94, some agreements on physical layer enhancement for NR URLLC were achieved in the following [1]:
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

In this contribution, we shall focus on PDCCH enhancement.
PDCCH enhancement
In Rel 15, PDCCH reliability has been discussed. However, schedule flexibility, PDCCH blockage and monitoring capability was not discussed due to time limitation. In addition, higher reliability (up to 1e-6) is defined in Rel 16, so PDCCH needs to be further enhanced. 
1.1 Flexible and reliable DCI
In Rel 15, fallback PDCCH reliability has been discussed but flexibility is lost to some extent. For example, MIMO transmission configuration, CSI feedback configuration, BWP switching and CA switching are not supported. However, these features are necessary for URLLC.
Antenna port bitfied 
In Rel16, AR/VR is one scenario for physical layer enhancement for URLLC, which means high data rate will be supported in URLLC. Multiple layer transmission is one effective method to improve data rate. In addition, higher availability is one requirement for Rel16 URLLC, which means spectrum efficiency needs to be considered in Rel-16 URLLC. Therefore, multiple layers transmission should be considered in Rel 16, corresponding, antenna port bitfied needs to be added in compact DCI.
CSI request bitfield 
MCS does not always adapt to channel due to channel variation from measurement to transmission, however, aperiodic CSI report can provide more accurate channel information due to smaller gap between measurement and transmission, which is benefit for system efficiency and can reduce system congestion. So it is suggested to add CSI request bitfield for compact DCI, including PDSCH and PUSCH scheduling. Considering that aperiodic CSI is used for instantaneous feedback, smaller ReportTriggerSize is enough and is also benefit for reliability of PDCCH. 
BWP indicator bitfield
To reduce transmission latency, URLLC is scheduled in BWP with larger SCS than eMBB. Moreover, due to URLLC applies smaller granularity of time resource allocation, Transmission bandwidth for URLLC is wider than eMBB. To reduce transmission resource congestion, BWP with wider bandwidth is more benefit for URLLC than eMBB. So flexible BWP configuration is necessary to schedule URLLC and eMBB dynamically. One scheme is to add BWP indicator bitfield in DCI. Another scheme is to configure BWP for PDSCH/PUSCH scheduled by compact DCI by RRC signaling.
Carrier indicator bitfield
In TDD system, Downlink-uplink configuration may lead schedule latency. But if downlink-uplink configuration is configured to meet latency requirement, it will introduce many downlink-uplink switching point. TDD-FDD CA is one solution to reduce latency from TDD carrier. If that, dynamic carrier switching is necessary.
Proposal 1: To enhance schedule flexibility and efficiency, Antenna port, CSI request, BWP indicator and Carrier indicator need to be added in fallback DCI or new DCI.
However, to achieve higher reliability (1e-6), payload needs to be compressed further. There are two compressed schemes: one is to compress or remove fields in fallback DCI targeting new scenario. The other is to integrate semi-static configuration and DCI trigger.
Scheme1: Compress or remove fields in fallback DCI targeting new scenario
To target URLLC transmission feature, such as larger transmission bandwidth with short time duration, fast schedule and feedback, short process timeline, some fields can be compressed and removed, as shown in the following table:
Table 1 Compressed/removed field in fallback DCI targeting new scenario
	 Bit fields
	Reason
	Scheme

	Frequency-domain RA
	Larger transmission bandwidth with short time duration is benefit for low latency
	· Larger RBG size
· Type 1 RA only

	Time-domain RA
	· Different characteristics of time domain resource between eMBB and URLLC
· Low latency requirement needs immediate transmission and flexible starting symbol
· High reliability requirements needs enough repetition 
	· URLLC-specific pdsch-symbolAllocation
· Redefined pdsch-symbolAllocation
· Flexible PDSCH duration,1-14 symbols
· PDSCH/PUSCH starting symbol indication relative to PDCCH
· PDSCH/PUSCH duration across slot boundary

	HARQ process number
	Low latency requirement makes HARQ round trip time faster
	· Less HARQ process number


	PUCCH resource indicator
	HARQ-ACK is not always meaningful. 
· HARQ-ACK feedback occasion exceeds latency requirement in some SFI configurations. 
· UE with large queuing delays does not have enough time to feedback HARQ-ACK or retransmission
	· PUCCH resource indicator can be removed 
· Specific value is included in PUCCH resource indicator to indicate no HARQ-ACK transmission.

	PDSCH-to-HARQ feedback timing indicator
	Considering low latency requirement, PDSCH-to-HARQ feeback timing should be small value, such as 0 and 1 slot.
	· PDSCH-to HARQ feedback timing indicator bitfield can be reduced.
·  According to PUCCH resource indicator and UE capability, PDSCH-to-HARQ feedback timing can be determined implicitly.



Proposal 2: To enhance reliability of DCI, Frequency/Time-domain RA, HARQ process number, PUCCH resource indicator and PDSCH-to-HARQ feedback timing indicator bitfield, can be compressed or removed
Scheme2: Integrate semi-static configuration and DCI trigger
Another scheme to reduce DCI overhead is that multiple transmission resources are configured by RRC or MAC CE and one of configured resources is triggered by DCI when traffic occurs. 
Typically, multiple transmission resources are preconfigured and one transmission resource is triggered to adapt to channel condition and traffic requirement. For typical URLLC traffic, preconfigured transmission resources can be triggered by DCI and for non-typical traffic, dynamic DCI can be used.
Generally, there are two schemes on DCI-triggered configured resource in general.
Scheme2.1: All transmission parameters are configured by RRC or MAC CE. Only configured resource index is triggered by DCI.
Scheme2.2: Some transmission parameters, such as Time-Frequency resource and DMRS resource, are configured by RRC or MAC CE. The other transmission parameters, such as HARQ process number and RV are still configured by DCI or indicated implicitly by slot index or other parameters.
Proposal 3: To reduce DCI overhead, multiple transmission resources can be preconfigured by RRC or MAC CE and one of configured resources is triggered by DCI when traffic occurs. 
Comparing with scheme1, scheme2 provides significant overhead reduction but flexible configuration combination. Take 2-bit DCI as an example, for scheme 1, if one bit is used for frequency resource and the other bit is used for time resource, then only 4 time-frequency resource configuration can be indicated.  However, for scheme 2, 4 status can indicates 4 flexible combination, such as 1) 1st time frequency resource, 1st HARQ ID and 1st feedback timing, 2) 1st time frequency resource, 1st HARQ ID and 2nd feedback timing 3) 2nd time frequency resource, 1st HARQ ID and 1st feedback timing 4) 1st time frequency resource, 2nd HARQ ID and 1st feedback timing.
Observation 1: Comparing with scheme1, scheme2 provides significant overhead reduction but flexible configuration combination.
1.2 PDCCH monitoring capability issues
Higher PDCCH monitoring capability
To meet low latency, frequent PDCCH monitoring is necessary. However, Schedule flexibility and available aggregation level will be restricted by PDCCH monitoring capability. Take SCS = 15kHz as an example, PDSCH scheduling occasion is per 2-symbol. According to defined PDCCH monitoring capability in Rel 15, each PDCCH monitoring occasion can have up to 6 PDCCH candidates and 8 non-overlapped CCEs. Assuming the UE receives DL assignment and UL grant at one time of PDCCH monitoring occasion, each PDCCH (i.e., DL assignment or UL grant) can have up to 4 CCEs, which may not meet reliability requirement for UEs with low SINR.
Proposal 4: Higher PDCCH monitoring capability needs to be considered.
Downlink SPS transmission enhancement
Though higher PDCCH monitoring capability is supported, low latency and high reliability means less PDCCH symbol per PDCCH occasion and higher aggregation per PDCCH, therefore, PDCCH congestion is still a bottleneck for DL URLLC transmission. For example, the 10 MHz system bandwidth consists of 50 PRB and PDCCH REGs/CCE is 6, then if a UL grant or DL assignment uses 8 CCEs no more UL grants or DL assignments can be scheduled on PDCCH.
To resolve PDCCH blockage, downlink SPS transmission is an effective way. On the one hand, SPS with shorter periodicity is considered to support short periodicity traffic. On the other hand, Periodical SPS resource can be applied for non-periodical traffic, similar as grant free in uplink. UE can detect traffic presence or not by DMRS.
Proposal 5: Downlink SPS transmission is an effective way to resolve PDCCH blockage. And downlink SPS is not only configured for periodical traffic but also for non-periodical traffic.
Finer PDCCH monitoring capability reporting
In NR Rel-15, the maximum number of PDCCH blind decoding is limited to 44 per slot, no matter the actual configuration of COREST. Such design has following problems:
1. UE capability of PDCCH blind decoding is not fully used, and the loss of scheduling flexibility can be expected.
2. UE cannot achieve 44 blind decodings when the configuration of COREST is uneven, i.e. more blind decodings are configured to the last COREST in one slot.
To satisfy the latency requirement of Rel-16 URLLC, PDCCH monitoring capability should be improved, i.e. the configuration of COREST should be more accurate based on the UE capability:
· Approach 1: UE reports the number of symbols to achieve X blind decodings. The value of X should be further studied.
· Approach 2: UE reports the maximum number of blind decodings during Y symbols. The value of Y should be further studied.
Approach 1 and approach 2 are essentially same. One example is shown in Figure 1, once UE reports up to 20 blind decodings can be achieved during 2 symbols, up to 140 blind decodings can be configured in one slot for URLLC.


Figure 1: More accurate configuration of COREST
Proposal 6: Finer PDCCH monitoring capability reporting should be reported.
Conclusions
In this contribution, we show our views on PDCCH enhancement for URLLC with following proposals:
[bookmark: _GoBack]Proposal 1: To enhance schedule flexibility and efficiency, Antenna port, CSI request, BWP indicator and Carrier indicator need to be added in fallback DCI or new DCI.
Proposal 2: To enhance reliability of DCI, Frequency/Time-domain RA, HARQ process number, PUCCH resource indicator and PDSCH-to-HARQ feedback timing indicator bitfield, can be compressed or removed.
Proposal 3: To reduce DCI overhead, multiple transmission resources can be preconfigured by RRC or MAC CE and one of configured resources is triggered by DCI when traffic occurs. 
Observation 1: Comparing with scheme in proposal 2, scheme in proposal 3 provides significant overhead reduction but flexible configuration combination.
Proposal 4: Higher PDCCH monitoring capability needs to be considered.
Proposal 5: Downlink SPS transmission is an effective way to resolve PDCCH blockage. And downlink SPS is not only configured for periodical traffic but also for non-periodical traffic.
Proposal 6: Finer PDCCH monitoring capability reporting should be reported.
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