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Introduction
In RAN meeting #86, a new NR Rel-17 study item has been created for reduced capability (RedCap) UEs, with the use cases covering industrial wireless sensing, video surveillance and wearable devices. To realize power saving for RedCap UEs, the following objectives were made for the study item [1].
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]


In RAN1#101-e the following agreement was reached:
Agreements:
· Study the impact of BD and CCE limits reduction on power saving and PDCCH blocking probability (quantitatively) and impacts on latency and scheduling flexibility (at least qualitatively).
In RAN1#102-e the following agreement was reached during online session: 
	Agreements: For the PDCCH blocking rate evaluation, at least the following parameters are assumed as baseline: 
	Parameters
	Assumptions

	Number of candidates for each AL
	Each company to report.

	SCS/BW  
	FR1: 30KHz/20MHz
· 15kHz/20MHz is optional
FR2: 120KHz/[100]MHz

	CORESET duration 
	2 symbols, with 3 symbols optional

	Delay toleration (Slot)
	1 (1: implies that PDCCH is blocked if it can’t be scheduled in the given slot), with 2 optional

	Aggregation level Distribution 
	Companies to report (including the necessary UE channel conditions and deployment scenario(s) for the aggregation level distribution)





In this contribution, we discuss the impact of smaller numbers of blind decodes and CCE limits on the PDCCH blocking probability.
PDCCH monitoring and blind decoding
In NR, the downlink control information (DCI), carried by Physical downlink control channel (PDCCH) is transmitted in the control resource sets (CORESETs). A CORESET is defined in time domain with one, two or three contiguous symbols, and in frequency domain a number of resource blocks. The CORESET with different time/frequency resource comprises different numbers of control channel elements (CCEs). The number of CCEs allocated for transmitting one DCI is referred to as the aggregation level (AL), which is from the set {1, 2, 4, 8, 16}.
Since UE does not know the specific location gNB uses for transmitting the PDCCH, it must perform blind decoding (BD) for detection with different numbers of PDCCH candidates within the search spaces. The number of PDCCH candidates can be configurable for each AL, except for CSS set of Type 0/0A (system information) and Type 2 (paging) [2].    
Blind decoding and CCE limits
The reduction of PDCCH blind decoding contributes to the RedCap UE power consumption. In general, the number of BD depends on various factors such as a number of different DCI sizes, ALs and the number of PDCCH candidates associated with each AL [3]. In order to avoid high UE complexity, the limits of the maximum BD number and the maximum number of non-overlapping CCEs per slots are provided in Rel-15 NR as shown in Table 1, for different sub-carrier spacing (SCS) configuration.   
[bookmark: _Ref31037505]Table 1: Limits of BD and CCEs in Rel-15 NR.
	SCS (kHz)
	15
	30
	60
	120

	BD limit per slot
	44
	36
	22
	20

	Non-overlapping CCEs limit per slot
	56
	56
	48
	32


Therefore, to reduce the power consumption of RedCap UEs, gNB can properly configure the number of the PDCCH candidates to be monitored once the UE capability is known to the gNB.
Impact on BD reduction on blocking probability
The reduction of PDCCH capability, such as the reduction of BD limit and total CCEs limit, may have negative impacts on the PDCCH blocking probability. Therefore, evaluations are conducted with reduced numbers of BD and total CCEs, compared to a baseline. For each UE, blocking event happens if all PDCCH candidates scheduled to the UE are overlapped with PDCCH candidates used by other UEs. Therefore, the blocking probability is defined by the ratio of the number of the blocked UEs over the number of all UEs scheduled. 
Obviously, blocking probability is determined by different factors such as the number of scheduled UEs, the total number of available CCEs (CORESET size), the number of PDCCH candidates associated to different ALs, and the distribution of ALs (depending on PDCCH link performance/coverage). The parameters used for blocking probability analysis are provided in the Table 2. Note that Case 2 and Case 3 are assumed to have 33% and 50% BD reductions compared to a baseline case of Case 1. The results of blocking probabilities versus different CCEs are shown in Figure 1 and 2.
[bookmark: _Ref45905521]Table 2: Parameters for blocking probability analysis.
	Parameters
	Assumptions

	ALs
	[1, 2, 4, 8, 16]

	Number of PDCCH candidates for each AL
	· Case 1: [6, 5, 4, 2,1]
· Case 2: [4, 3, 2, 2, 1]
· Case 3: [3, 2, 2, 1, 1]

	Number of BDs for one DCI
	· Case 1: 18
· Case 2: 12
· Case 3: 9

	Probability of selecting each AL
	[0.4, 0.3, 0.2, 0.05, 0.05]
[0.2, 0.2, 0.2, 0.2, 0.2]

	Number of UEs
	4

	Delay toleration (slot)
	1
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Figure.1 Blocking probability with AL distribution [0.4, 0.3, 0.2, 0.05, 0.05].
In Figure 1, the AL distribution considers a case that most of the UEs are in good coverage. With the number of CCEs equal to 16 (i.e. CORESET configured with 2 symbols and 20MHz/30kHz), it is found that by reducing the BD numbers by 33%, the blocking probability roughly increases by only 10%. However, by reducing the BD number by half, the blocking probability will dramatically increase by around 60%. Moreover, by reducing the total number of CCEs from 32 to 24, by 25%, the increase of blocking probability will be more than 100%.
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Figure.2 Blocking probability with AL distribution [0.2, 0.2, 0.2, 0.2, 0.2].
In Figure 2, the AL distribution considers a case that all UEs are averagely distributed. Similarly, the BD reduction less than 50% may not cause a significant increase of blocking probability. In addition, the blocking probability is more sensitive to the total number of CCEs.
Observation 1: If the reduction of BD limit is less than 50%, the impact on the blocking probability could be acceptable.
Observation 2: The blocking probability is more sensitive to the reduction of CCE limit, compared to the limit of BD.
Note that each of the PDCCH candidates requires only one monitoring occasion, which is one slot in this simulation. The blocking probabilities are calculated by averaging the results over an enough number of slots. Due to the reduced Rx antenna and the reduced BW, the coverage of RedCap UE would be impacted. In this case, repetition is a good candidate solution to compensate the coverage loss. However, the BD and CCE limits for PDCCH repetition should be further studied.   
[bookmark: _Hlk53762254]Observation 3: For RedCap UEs, the impact of repetition for PDCCH on BD and CCE limits could be further studied.
Conclusions
In this contribution, we have studied the impact of BD and CCE reduction on the blocking probability of RedCap UEs. We made the following observations:
Observation 1: If the reduction of BD limit is less than 50%, the impact on the blocking probability could be acceptable.
Observation 2: The blocking probability is more sensitive to the limit of CCEs, compared to the limit of BD.
[bookmark: _GoBack]Observation 3: For RedCap UEs, the impact of repetition for PDCCH on BD and CCE limits could be further studied.
References
[1] [bookmark: _Ref40452275]RP-201386, Revised SID on study on support of reduced capability NR devices, 3GPP TSG RAN#88
[2] TS 38.213, “NR; Physical layer procedures for control”, V16.1.0, March 2020.
[3] TS 38.331, “NR; Radio Resource Control (RRC); Protocol specification”, V16.0.0, March 2020.
image1.emf
Total number of CCEs

16 18 20 22 24 26 28 30 32

B

l

o

c

k

i

n

g

 

p

r

o

b

a

b

i

l

i

t

i

e

s

0

0.02

0.04

0.06

0.08

0.1

18 BDs

12 BDs

9 BDs


image2.emf
Total number of CCEs

16 18 20 22 24 26 28 30 32

B

l

o

c

k

i

n

g

 

p

r

o

b

a

b

i

l

i

t

i

e

s

0.05

0.1

0.15

0.2

0.25

0.3

0.35

18 BDs

12 BDs

9 BDs


