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1 Introduction

The WI on New Radio (NR) Access Technology was approved at RAN #75. The objective of this WI is to specify the NR functionalities for eMBB and URLLC. As for URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1], this would require specific considerations on both the control channel and data channel. 
At RAN1 #88bis, the following agreements were reached regarding the monitoring of DL control channel  

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 addition, the following was agreed in RAN1 Ad-hoc 1706
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space
· FFS: Signalling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
In this contribution, we discuss the UE procedure on PDCCH monitoring for URLLC. In particular, the aspects related to UE capability, DCI monitoring and blind detection are discussed.

2 Discussion
According to the agreement, the UE can be configured to monitor the DL control channel on per symbol basis. This is beneficial for low latency services such as URLLC. However, the UE complexity and power consumption should be carefully studied since the UE needs to conduct a number of blind decodes at each monitoring occasion. First of all, it should be discussed how the UE capability should be defined, e.g. whether or not the total number of blind decodes in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodes in a slot when a UE is configured with “DL control channel monitoring” per slot. Secondly, it should be discussed how the UE capability on the total number of blind decodes can be split for UEs supporting different type of services. 

2.1 UE capability
For UEs configured with a smaller DL control channel monitoring periodicity, e.g. per OFDM symbol, the complexity and power consumption will inevitably increase if the total number of blind decodes is kept the same as that for UEs configured with a larger DL control channel monitoring periodicity. Besides, the first issue that needs to be addressed is how to define the UE capability. One most straightforward way is to define UE capability as the maximum number of BDs within a given period, e.g. per slot. For a given UE capability, if the UE is configured with smaller DL control channel monitoring periodicity, the maximum number of BD at each monitoring occasion needs to be limited such that the total number of BD does not exceeded the UE capability. This can be done either implicitly or explicitly by configuring the maximum number of BD for each monitoring occasion via higher layer signaling. It should be noted that the natural consequence of limiting the number of blind decodes at each monitoring occasion is reduced scheduling flexibility and potentially higher blocking probability. However, this may not be critical considering the typical use case of this is for smaller number of users.

Proposal 1: The UE capability of DL control channel blind decodes should be defined as the total number of BDs within a given period.
2.2 Blind detection 

It has been agreed that for a given PDCCH format, a UE can be configured with the set of ALs and number of PDCCH candidates for each AL. For UEs supporting URLLC and eMBB simultaneously, it should be discussed whether a UE needs to monitor URLLC and eMBB DCI at the same monitoring occasion. If the total number of BD attempts within a given period is defined as a UE capability as discussed in section 2.1, the number of BD attempts for each DCI format at each monitoring occasion should be configurable such that the total number of BD attempts does not exceed the UE capability. One method is to configure a scaling factor for a UE specific search space at aggregation level L to split the total number of BD attempts, which is similar with the PDCCH monitor method for CA in LTE R13, 
Proposal 2: The potential ways to split the total number of BD attempts should be studied for UEs supporting eMBB and URLLC.
Furthermore, the same payload size for PDCCH is preferred to reduce the blind decoding attempts, i.e. the payload size of the DCI monitored by a URLLC UE is preferred to be restricted to one fixed size. Then for blind decoding, UE only need to do one attempt for one PDCCH candidate.
Proposal 3: A fixed payload size is preferred for DCI used by URLLC.
In addition, if UE is configured with PDCCH repetition for high reliability, e.g. the maximal number of repetition is N, UE may not have to combine all the PDCCH repetitions for decoding in order to keep low decoding latency. For example, UE can attempt decoding one PDCCH transmission, or the combination of two PDCCH transmissions and so on, until the DCI is detected or still failed after attempting all trials. However, in order not to increase the number of BD attempts too much, the gNB can configure UE how to decode the PDCCH repetitions. For instance, UE can be configured to only perform a limit number of BD trials, e.g., only attempt decoding one PDCCH transmission and the combination of N/2 PDCCH repetitions. On the other hand, on each PDCCH monitoring occasion, the UE can assume it is one occasion for PDCCH1 repetition and it is the first PDCCH 2 transmission as illustrated in Figure 1. In this case, PDCCH can be potentially transmitted at each PDCCH occasion for the sake of low latency.  
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Figure 1: PDCCH monitoring for PDCCH repetition
Proposal 4: For UE configured with PDCCH repetition, the UE assumes PDCCH transmission can start from any PDCCH monitoring occasion.
3 Conclusion

In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals

Proposal 1: The UE capability of DL control channel blind decodes should be defined as the total number of BDs within a given period.
Proposal 2: The potential ways to split the total number of BD attempts should be studied for UEs supporting eMBB and URLLC.
Proposal 3: A fixed payload size is preferred for DCI used by URLLC.
Proposal 4: For UE configured with PDCCH repetition, the UE assumes PDCCH transmission can start from any PDCCH monitoring occasion.
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