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1. Introduction

In the RAN1#87 meeting, it has been agreed that the NR-PDCCH monitoring granularity for slot-based transmission is once per slot, while the mini-slot scenario is FFS [1]:

Agreements:
· NR-PDCCH monitoring at least for single-stage DCI design,

· NR supports the following minimum granularity of the DCI monitoring occasion: 

· For slots: once per slot

· When  mini-slots are used: FFS if every symbol or every second symbol

· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)

· Note: slot/mini-slot alignment is not assumed here 
However, in RAN1#88bis, the symbol-based-monitored DL control channel was introduced [2].

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.
The per-symbol monitoring may be helpful for low-latency transmission and flexible resource allocation. However the frequent monitoring also results in a complex NR-PDCCH blind decoding. In our companion contribution [3], a per-symbol-based PDCCH structure for URLLC was proposed which reduces the blind detection complexity by constraining the frequency range of PDCCH.
In this paper, we discuss the PDCCH monitoring granularity configuration schemes which can also avoid excessively frequent PDCCH monitoring.
2. Discussions
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: For DL control channel monitoring in terms of symbol, monitoring granularity of a UE can be configured/indicated for a time duration: 
· At least semi-statically configuration (e.g. via RRC signalling) is supported.
· FFS: dynamic indication with DCI overriding RRC configuration.
· A default value can be specified with respect to the numerology, frequency band, etc. for a UE to determine the monitoring granularity in case of no configuration/indication.
3. Conclusions
Proposal: For DL control channel monitoring in terms of symbol, monitoring granularity of a UE can be configured/indicated for a time duration: 
· At least semi-statically configuration (e.g. via RRC signalling) is supported.
· FFS: dynamic indication with DCI overriding RRC configuration.
· A default value can be specified with respect to the numerology, frequency band, etc. for a UE to determine the monitoring granularity in case of no configuration/indication.
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