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1 Introduction
To support UE flexibly monitoring DL control channel, following agreement was made in RAN1#88bis. 
	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.


From the above agreement, some UEs can be supported to monitor DL control channel per 1 symbol according to configured (or predefined) numerology of DL control channel. In this contribution, it is discussed about the relationship between the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol and the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot, that is remained as FFS. 
2 Discussion on the total number of blind decodings
In NR, gNB can configure how frequently UEs monitor PDCCH during slot. For example, some UEs can be configured by gNB to monitor PDCCH per slot, other UEs can be configured by gNB to monitor PDCCH per symbol (or serval symbols). So, UEs may have different monitoring periods and one UE can have a chance to change monitoring period according to use-cases or UE types. 
Besides, the total number of blind decodings for an UE should be optimized in NR in terms of following two things. One is UE power consumption and processing time. The other is blocking probability. If the total number of blind decodings becomes larger, the UE needs more power consumptions and larger processing time to detect/decode PDCCH candidates. So, it is better for the total number of blind decodings to be as small as possible in the perspective of both UE power consumption and processing complexity. However, a small number of blind decodings may increase the blocking probability of PDCCH for the UE. That is, gNB does not have many candidates to schedule PDCCH if each UE has a small number of blind decodings. So, it is better for the total number of blind decodings to be as large as possible in the perspective of gNB and UE operation. Hence, NR should design the optimum number of blind decodings by considering the trade-off between UE overhead and blocking probability. 
In this contribution, some notations are given as follows. 
NBD-slot-symbol : The total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol
NBD-slot-slot : The total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
NBD-symbol-symbol : The total number of blind decodings in a symbol when a UE is configured with “DL control channel monitoring” per symbol
The following figure shows the relation of the total number of blind decodings depending on monitoring period based on above notations. Here, it is assumed that a slot have 7 symbols. 
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Figure 1 The relation of the total number of blind decodings depending on monitoring period

There are two main options regarding whether or not NBD-slot-symbol can exceed NBD-slot-slot. 
Option 1: NBD-slot-symbol can exceed NBD-slot-slot.
Option 2: NBD-slot-symbol cannot exceed NBD-slot-slot.
As for option 1, it means that NBD-symbol-symbol does not need to always have smaller than NBD-slot-slot. That is, it is possible that NBD-symbol-symbol may have the same or larger number of NBD-slot-slot. Besides, NBD-symbol-symbol can be decided with independent with NBD-slot-slot. Otherwise, for option 2, it is evident that NBD-symbol-symbol should be always smaller than NBD-slot-slot as NBD-slot-symbol cannot exceed NBD-slot-slot. Hence, it seems that NBD-symbol-symbol may have some dependency with NBD-slot-slot. 
First, the advantage of option 2 is that a UE is able to expect the maximum number of blind decodings regardless of whether the UE is configured with “PDCCH monitoring per symbol” or “PDCCH monitoring per slot”. That is, it is expected for the UE not to consume power dynamically according to PDCCH monitoring configurations. However, the blocking probability when the UE is configured with “PDCCH monitoring per symbol” would be worse than that when the UE is configured with “PDCCH monitoring per slot” due to small number of blind decoding candidates. 
Given that requirements for option 2, it may lose an opportunity to change NBD-symbol-symbol dynamically by gNB, and then it fails to consider something for UE perspectives such as UE geometry, speed, operating conditions, and this point will restrict UE implementation due to limited blind decoding number. Instead of making this kinds of restriction, it is better for gNB to configure the number of candidates per CCE aggregation levels in similar with Rel-13 LTE, plus it may account for DCI format size, operating conditions (e.g. small-cell vs. macro-cell or licensed spectrum vs. unlicensed spectrum, eMBB vs. URLLC) and PDCCH monitoring period to configure. That is, it needs that UE can be configured with the total number of blind decodings which is independent with monitoring periods. In NR, it has also been agreed that the network can inform a UE the number of candidates mapped to subsets of OFDM symbols. From these points, option 1 should be taken into account as a baseline. 
Observation 1: Option 2 has a restriction to implement as it makes high blocking probability in case of PDCCH monitoring per symbol.

Proposal 1: RAN1 supports that 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.
Also, one issue to further consider is whether gNB needs to configure NBD-symbol-symbol and NBD-slot-slot independently or dependently, on the consideration of option 2. If gNB can configure NBD-symbol-symbol and NBD-slot-slot independently, it does not need more things except to have two separate signals to configure those numbers (independent method). Otherwise, it may take relation between NBD-symbol-symbol and NBD-slot-slot into account according to a certain equation if gNB configures NBD-symbol-symbol and NBD-slot-slot dependently (dependent method). Generally, when a UE has many monitoring period candidates, it may be possible that there is one configuration parameter per monitoring period if independent method is used for configuration. On the other hands, it would be possible to have only one configuration parameter regardless of monitoring periods if dependent method is used. That is, one configuration for a certain monitoring period would automatically decide to other configuration for other monitoring period. 
So far, it is unclear to decide which is better as many things of NR-PDCCH design have not been determined yet. It needs to take this issue into account and should try to reduce the number of blind decoding candidates to minimize the UE power consumption while the blocking probability is also minimized. In short, RAN1 considers configuring the total number of blind decodings with independent or dependent of DL control channel monitoring period to have a room to adjust the above trade-off between UE power consumption and blind decoding blocking probability.
Proposal 2: RAN1 considers configuring the total number of blind decodings with independent or dependent of DL control channel monitoring.
3 Conclusions
In this contribution, it has been discussed on the total number of blind decodings depending on monitoring periods that can be configured by gNB. Followings are summary of this contribution. 
Observation 1: Option 2 has a restriction to implement as it makes high blocking probability in case of PDCCH monitoring per symbol.

Proposal 1: RAN1 supports that 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.
Proposal 2: RAN1 considers configuring the total number of blind decodings with independent or dependent of DL control channel monitoring.

References
[1] RAN1 Chairman’s note, 3GPP RAN1 Meeting #88bis. 
symbol
slot
NBD-slot-symbol
NBD-slot-slot
NBD-symbol-symbol
symbol
slot
(a) UE is configured with PDCCH monitoring per slot
(b) UE is configured with PDCCH monitoring per symbol



