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Introduction  
Following agreements have been made for the PDCCH monitoring in the RAN1#88bis meeting [1].
	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 will discuss the PDCCH monitoring. Different use cases are described and analyzed.

Discussion
Use cases for PDCCH monitoring
According to the UE capability and the traffic types in certain scenarios, at least two cases for the PDCCH monitoring can be foreseen:
· Use case 1: UE only needs to monitor the eMBB PDCCH
· Use case 2: UE needs to monitor both the eMBB and URLLC PDCCH
For use case1, when there is no support for URLLC service, the UE will probably only need to monitor the slot level PDCCH. This can e.g. occur in high speed scenarios and for carrier frequencies above 6GHz. 
For use case2, the simultaneous support of URLLC and eMBB in the same UE, the gNB can schedule URLLC service by puncturing or grant-free methods within the eMBB bandwidth. Thus, a UE supporting both services simultaneously needs to monitor both the slot level PDCCH and also the mini-slot level PDCCH. 

PDCCH monitoring for use case 1
According to previous conclusions, the PDCCH should be transmitted at the beginning of a slot, spanning one or several OFDM symbols. The UE only needs to monitor the PDCCH region at the beginning of a slot. The monitoring occasions for CSS and USS should be independently configurable, for example per slot or per multiple-slots according to the scheduling granularity in the time domain.
For CSS, the monitoring occasions can be configured according to the different types of common signaling. For example for slot structure indication in CSS, the gNB can configure a UE to monitor every slot or every multiple of slots. For scheduling for paging and SIB in CSS, the gNB can configure the monitoring occasions according to these signals’ minimal transmission period. For random access in CSS, a UE only needs to monitor within the maximum allowed time window. The PDCCH monitoring for use case 1 is illustrated below in Figure 1. 


Fig. 1:	Example for monitoring occasions for CSS and USS

Proposal 1: For slot level PDCCH monitoring, the CSS monitoring can be configured in multiple numbers of slots.
PDCCH monitoring for use case 2
For use case 2, both slot level PDCCH and mini-slot level PDCCH monitoring is needed. The differences between them are the following: 
1） Slot level PDCCH occurs in the fixed time region in one slot, a mini-slot level PDCCH could be sent in every symbol of the slot.
2） Their durations can differ. 
3） Their CORESETs can differ.
4） Different DCI formats can be used.
5） Resource mapping can be different.
UEs operating in use case 2 need to monitor both the slot level PDCCH and the mini-slot level PDCCH. In the extreme case, they could be required to monitor every OFDM symbol in a slot. It is therefore important to carefully design the monitoring occasions in order to decrease the power consumption, to minimize processing delay and also to decrease the maximum number of blind decoding attempts. 
Until the RAN1#88bis meeting, it has not been clear how to carry out the resource allocation for mini-slot scheduling. It has only been agreed that both grant-free access and dynamic scheduling shall be supported. The monitoring period should be just short enough to satisfy the URLLC delay requirements and could be configured semi-statically. 
For instance, the gNB can use the sub-frame boundaries as timing reference and then would set up the PDCCH monitoring occasions, e.g. every 4th symbol counted from the reference as illustrated in Figure 2 below. 
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Fig. 2: An illustration of slot and mini-slot PDCCH monitoring occasions. The mini-slot monitoring occasions are defined relatively to the sub-frame boundary. In case of concurrent slot and mini-slot PDCCH monitoring occasions, one of them could get higher priority or also both are monitored

When URLLC services are pre-empting eMBB data, the gNB scheduler should avoid puncturing vital eMBB symbols, such as the eMBB-PDCCH or the eMBB-DMRS. It could therefore be possible that the scheduler sometimes wants to shift the mini-slot transmission by one symbol compared to the regular pattern which is shown in Figure 2 above.
Thus, it could be studied if it is feasible for the UE to support an irregular monitoring pattern. This could be achieved by setting up two regular patterns, e.g. every 4th and every 5th symbol counted from the sub-frame boundary. An example is shown in Figure 3 below.
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Fig 3 Irregular PDCCH monitoring to give the scheduler more flexibility to avoid puncturing vital eMBB symbols (such as eMBB-DMRS). This can be achieved by setting up two regular PDCCH monitoring patterns

Proposal 2: Sub-frame boundaries shall be used as timing reference for PDCCH monitoring occasions.
Proposal 3: A UE may be configured with more than one mini-slot PDCCH monitoring pattern.
 
Maximum number of blind detection candidates
For use case1, the total number of BD Candidates including all possible USS, CSS, should not be more than a maximum number N. As a starting point N=44 as in LTE can be used as reference value.
For use case 2, during one slot, there will be both slots level and mini-slots level blind decodes. According to the discussions in section 2.3, to use one common value of N for both will be too coarse. Instead two separate maximum numbers N1 (for slot level blind decodes) and N2 (for mini-slot level blind decodes) should be used. N1 can use N from use case 1 as upper bound. 

Conclusion
In this contribution, we discussed the transmission of common control signals in NR and make the following proposals:
Proposal 1: For slot-level PDCCH monitoring, the CSS monitoring can be configured in multiple number of slots
Proposal 2: Sub-frame boundaries shall be used as timing reference for PDCCH monitoring occasions
Proposal 3: A UE may be configured with more than one mini-slot PDCCH monitoring pattern
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