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Introduction
[bookmark: _GoBack]Power saving is important to IoT terminal devices because the power supply of some devices is relying on batteries. In some cases, low power consumption of IoT terminal devices could be an even more critical factor to break the limitation which blocks wireless communication into new vertical industries. Hence, since the very beginning of the discussion on the item of “Reduced Capability NR Devices”, the scope of power saving is very attractive. According to the SID RP-193238 [1] approved in RAN #86 meeting, RAN1 needs to focus on reducing PDCCH monitoring by smaller numbers of blind decodes and CCE limits.
In this contribution, we share some considerations on reducing PDCCH monitoring.
[bookmark: _Ref228947482]Reduced numbers of blind decodes and CCE limits


Figure 1. Blind decode determined by search space set, DCI size, aggregation level and PDCCH candidate.

The required blind decodes for PDCCH and CCEs for channel estimation mainly depend on:
	· Numbers of search space sets, 
· Aggregation levels, 
· DCI sizes, and 
· Number of PDCCH candidates for each aggregation level.
	}
	Skipping rule of PDCCH candidates.


Based on above considerations, as shown in Figure 1, the impacts of numbers of search space sets, aggregation levels, DCI sizes, and the number of PDCCH candidates on blind decode would be discussed first. Then, the skipping rules of PDCCH candidates would be discussed.
Reduced number of search space sets
In NR, at most 10 search space sets can be configured for a BWP. From the point of view to further reduce PDCCH monitoring, the most essential question to be answered is:
· Is it possible to further limit the maximum number of search space sets which are configured to NR-Light terminals for one BWP?
· If yes, how small this number could be reduced to?
In our opinion, the further limitation of the maximum number of configured search space sets is possible. The critical problem is how small it could be. If the number is finally restricted to be very small, the application scenarios and/or the functionalities of NR-Light terminals may be very limited. For example, with the strict restriction of configured search space sets, it is possible to a terminal that only one functionality could be enabled one time among the common TPC, the preemption indication, and the SFI. If the number is not small enough, the effect of power saving which is achievable by this modification may be weak. 
In our view, the maximum number of search space sets configured for one BWP should be at least larger than 5. This is because at least following five search space sets need to be configured for the support of the basic communication functionalities:
· A common search space set for SIB1,
· A common search space set for other system information,
· A common search space set for RACH,
· A common search space set for paging, and
· A UE-specific search space set for data transmission and reception.
After the RRC connection is established, the search space sets for SIB1 and other SI could be released and the search space sets for other functionalities could be configured instead, such as search space sets for preemption, SFI, group TPC, power saving etc. In some extreme cases, may be, even the paging search space could be released as well.
Proposal 1: Further limiting the maximum number of search space sets configured to one NR-Light terminal for one BWP should be studied. 
· The maximum number of search space sets configured to one NR-Light terminal for one BWP should be:
· Smaller than 10, and
· Larger than or equal to 5.

Reduced numbers of DCI sizes, aggregation levels (ALs) and PDCCH candidates per AL
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Figure 2. An example of blind decode candidates within one search space set.

For one search space set, the blind decodes and CCE limits depend on following factors:
· The number of DCI sizes, 
· The number of PDCCH candidates for each aggregation level, and
· The number of aggregation levels.
Figure 2 provides an example to show how the number of DCI sizes, the number of aggregation levels and the number of PDCCH candidates per aggregation level play a part in the calculation of the number of blind decode candidates within one search space set. Based on this example, we have following observations:
Observation: The number of DCI sizes is the most critical factor for reducing the number of blind decode candidates.
Accordingly, we have the following proposals: 
Proposal 2: The reduction/limitation of the number of DCI sizes within one search space set should be studied, such as:
· Set a tighter limitation of the maximum number of DCI sizes within one search space set;
· Consider to introduce DCI size alignment rules between different DCI formats, while take the false alarm/error detection probability into account;
· Consider to limit the number of configured DCI formats with different DCI sizes.
Proposal 3: Further limiting the maximum number of PDCCH candidates per aggregations level should be studied.
Proposal 4: Renounce the usage of small aggregation levels, such as AL 1 or AL 2, could be further discussed/studied.
Moreover, if considering the counterpart scope of the coverage enhancement in the same SI, the limitation on the usage of small ALs would make more sense.
Skipping rule for PDCCH monitoring 
A rule of skipping PDCCH candidates is adopted in NR when the threshold of blind decodes or CCEs is met. Generally speaking, the existing rule is defined such that common search space sets are prioritized over UE-specific search space sets, and UE-specific search space sets with smaller indices are prioritized over those with larger indices.
For the purpose of reducing PDCCH monitoring, one straight forward manner is to further lower the upper bound of blind decodes and CCEs or to reduce the PDCCH blind decode capability of NR-Light terminals. If this is the case, how to balance the blind decodes between common search spaces and UE-specific search space should be considered when the threshold of blind decodes or CCEs is reached.
Proposal 5: Reducing the upper bound of blind decodes and CCEs or the PDCCH blind decode capability of NR-Light terminals could be considered as one of manners to reduce PDCCH monitoring. If this is the case, the following things may be necessary for further studies or discussions:
· Whether the current rules for skipping PDCCH candidates need to be changed/updated;
· Whether the blind decodes between common search spaces and UE-specific search space need an additional balance, when the threshold of blind decodes or CCEs is reached? If so, how?
[bookmark: OLE_LINK43]
Conclusions
This contribution provides our views on how to reduce the PDCCH monitoring. In our opinions, the following aspects should be taken into account in the study item phase of NR-Light:
Proposal 1: Further limiting the maximum number of search space sets configured to one NR-Light terminal for one BWP should be studied. 
· The maximum number of search space sets configured to one NR-Light terminal for one BWP should be:
· Smaller than 10, and
· Larger than or equal to 5.
Proposal 2: The reduction/limitation of the number of DCI sizes within one search space set should be studied, such as:
· Set a tighter limitation of the maximum number of DCI sizes within one search space set;
· Consider to introduce DCI size alignment rules between different DCI formats, while take the false alarm/error detection probability into account;
· Consider to limit the number of configured DCI formats with different DCI sizes.
Proposal 3: Further limiting the maximum number of PDCCH candidates per aggregations level should be studied.
Proposal 4: Renounce the usage of small aggregation levels, such as AL 1 or AL 2, could be further discussed/studied.
Proposal 5: Reducing the upper bound of blind decodes and CCEs or the PDCCH blind decode capability of NR-Light terminals could be considered as one of manners to reduce PDCCH monitoring. If this is the case, the following things may be necessary for further studies or discussions:
· Whether the current rules for skipping PDCCH candidates need to be changed/updated;
· Whether the blind decodes between common search spaces and UE-specific search space need an additional balance, when the threshold of blind decodes or CCEs is reached? If so, how?
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