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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 
Agreement:
· 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 discuss the UE procedure on PDCCH monitoring for URLLC. In particular, the aspects related to UE capability, DCI monitoring and blind detection are discussed.
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 DL control channel monitoring can be configured for UEs supporting different type of services. Thirdly, 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. 
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.
[bookmark: _Ref129681832]DCI monitoring
Following the existing agreement, the UE monitors DL control information in one or more control resource set(s). However, the DCI monitoring periodicity of a URLLC UE may be different from an eMBB UE due to different traffic characteristics. As an example, the monitoring periodicity of URLLC can be much shorter than eMBB, e.g. the UE can be configured to monitor DL control information per slot for eMBB and per symbol for URLLC. Note that it was already agreed that the DL control information monitoring occasions can be configured in a UE-specific manner. Considering that a UE may support URLLC and eMBB at the same time, it is preferred that the monitoring occasions can be configured for each service separately. In general, a UE can be configured with one or more CORESET(s) based on service need. Each CORESET can be configured with a certain monitoring occasions associated with a given PDCCH format. 
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Figure 2 DCI monitoring occasions for eMBB and URLLC
Proposal 2: A UE monitors a given PDCCH format in one or more CORESET(s) wherein each CORESET is configured with a certain monitoring occasions.
Blind detection 
For URLLC, it might be beneficial to limit the number of BD attempts such that a low decoding latency can be achieved. This can be realized by disabling several ALs or reducing the number of BD attempts for a certain AL. As indicated in [2], higher AL levels may be preferred for URLLC. Hence it is possible to disable the BD attempts for lower ALs and enable a larger number of BD attempts for higher ALs. Another alternative is to configure the set of ALs in a UE-specific manner. For some UEs, especially those in good channel condition, lower ALs can be used to enhance control resource efficiency while retaining the reliability performance. For UEs in bad channel condition, higher ALs can be used. The ALs monitored by a URLLC UE is obviously a subset of all possible ALs supported in NR. To signal the set of ALs monitored by the UE, both semi-static and dynamic configuration can be considered.
Proposal 3: For a given PDCCH format, a UE can be configured with the set of ALs and number of BD attempts 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. 
Proposal 4: 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 5: A fixed payload size is preferred for DCI used by URLLC.
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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: A UE monitors a given PDCCH format in one or more CORESET(s) wherein each CORESET is configured with a certain monitoring occasions.
Proposal 3: For a given PDCCH format, a UE can be configured with the set of ALs and number of BD attempts for each AL.
Proposal 4: The potential ways to split the total number of BD attempts should be studied for UEs supporting eMBB and URLLC.
Proposal 5: A fixed payload size is preferred for DCI used by URLLC.
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