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1. Introduction

The basis of URLLC transmission is a control channel structure with “ultra reliability and low latency”.

It was agreed in RAN1 NR AH meeting held in January of 2017 [1] that some enhancements to NR-PDCCH for ultra reliability will be considered:

Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
In RAN1#88bis, the symbol-based-monitored DL control channel was introduced [3] which can be used for low-latency transmission.

Agreements:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note : 1-symbol case may be restricted depending on the BW.
In this contribution, we will discuss the downlink control channel design for URLLC targeting to meet the requirements of ultra reliability and low latency.
2. Requirements to URLLC PDCCH design for URLLC services
· Low latency

The key of reducing control-plane latency is to allow the immediate transmission of URLLC PDCCH, i.e. the URLLC PDCCH can be transmitted in any wanted symbol. This has been well supported with the RAN1#88bis agreement:
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
An analysis will be developed in Section 3 on how to configure the monitoring granularity as needed.
· Ultra reliability

Since the URLLC transmission is required to achieve the 99.999% reliability, the reliability of one-shot PDCCH for URLLC should not be lower than 99.999%. To obtain the ultra reliable transmission, the inevitable way is to transmit more redundency bits by sacrificing spectral efficiency. A straightforward approch is to support higher aggregation levels, e.g. 32. Fortunately, we can expect that the URLLC user capacity and service capacity could be much lower than eMBB. Hence the payload of DCI for URLLC can be much smaller than DCI for eMBB. 
On the other hand, a coarser resource allocation can be adopted for URLLC which comes with a smaller-size bitmap. Considering a URLLC burst usually requires a large bandwidth in a couple of symbols, using a relative large scheduling granularity is reasonable. And a URLLC transmission may not require so flexible a link adaptation as for eMBB. Thus a “compact DCI format” with smaller number of bits can be used for URLLC. Meanwhile, a substantially larger overhead of PDCCH for URLLC than PDCCH for eMBB should be allowed. 
3. Time-domain structure of URLLC PDCCH

Different types of low latency services requires different PDCCH monitoring granularities. Some low latency services are to some extent periodic and the arrival time of the low latency traffic is roughly predictable. Hence a UE may not need always to be configured to the “per-symbol monitoring granularity”. 

One approach is (depicted in Fig.1): The gNB can configure the UE to a relatively large monitoring granularity (e.g. per-slot monitoring) as a default configuration when the low latency traffic has not arrived. Just before the low latency traffic arrives, the gNB can re-configure the UE to a small monitoring granularity (e.g. per-symbol monitoring). After the low latency transmission ends, the monitoring granularity configuration of the UE can be returned to per-slot monitoring. The default monitoring granularity can be semi-statically configured by RRC signaling. The “low latency” monitoring granularity and corresponding duration can be dynamically indicated by DCI.
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Fig.1: Large monitoring granularity for default configuration and low-latency monitoring granularity with dynamic indication
Another approach is (depicted in Fig.2): The gNB can configure the UE to a low latency monitoring granularity (e.g. per-symbol monitoring) as a default configuration. If the gNB does not expect the arrival of low latency traffic in a time duration, the gNB can re-configure the UE to a larger monitoring granularity (e.g. per-slot monitoring) to reduce the UE power consumption. After the duration ends, the monitoring granularity configuration of the UE can be returned to per-symbol monitoring. The default monitoring granularity can be semi-statically configured by RRC signaling. The larger monitoring granularity and corresponding duration can be dynamically indicated by DCI.
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Fig.2: Low-latency monitoring granularity for default configuration and larger monitoring granularity with dynamic indication

Changing default monitoring granularity by dynamic indication can flexibly support low-latency PDCCH monitoring meanwhile minimizing the UE blind detection complexity and power consumption.
Proposal 1: PDCCH monitoring periodicity of a UE can be configured/indicated for a time duration: 
· Multiple periodicities can be configured semi-statically (e.g. via RRC signaling).
· Activate/deactivate one periodicity among the configured periodicities with DCI.
· A default value can be specified for a UE to determine the monitoring periodicity in case of no configuration/indication.
4. Frequency-domain structure of URLLC PDCCH
Since a URLLC UE may need to monitor the PDCCH in very small granularity, e.g. monitoring PDCCH per symbol, the frequency-domain search space should be constrained into a narrow bandwidth as possible in order to reduce the detection complexity and latency. An example is illustrated in Fig.3. The PDCCH can be placed in a relatively fixed frequency-domain range which is semi-statically configured by higher layer signaling.
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Fig.2: PDCCH structure optimized for URLLC service requirements
Proposal 2: Semi-statically configure a CORESET and search space of URLLC PDCCH spanning a relatively narrow frequency range. 

5. Conclusions
Proposal 1: PDCCH monitoring periodicity of a UE can be configured/indicated for a time duration: 
· Multiple periodicities can be configured semi-statically (e.g. via RRC signaling).
· Activate/deactivate one periodicity among the configured periodicities with DCI.
· A default value can be specified for a UE to determine the monitoring periodicity in case of no configuration/indication.
Proposal 2: Semi-statically configure a CORESET and search space of URLLC PDCCH spanning a relatively narrow frequency range. 
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