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Introduction
In Rel.17 NR, the RedCap UE should be defined to adapt the use case of IoT, e.g. industrial sensor, video surveillance and wearables. Based on the objective of the SID [1], the RedCap UE can have the following methodology to save power.
	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].


In this contribution, we discuss the PDCCH monitoring reduction for the RedCap UE.
PDCCH monitoring reduction
BD/CCE number reduction
In NR, PDCCH candidates are associated with BD/CCE number, which can be reflected by CORESET and Search space set configuration. Considering that monitoring a large number of PDCCH candidates increases the UE complexity and power consumption, NR specifies the maximum number of BD/CCE. However, due to the capability reduction and the more stringent requirement of power consumption for RedCap UE, the limited maximum BD/CCE number in NR are still not acceptable for the RedCap UE, Therefore, reducing the number of PDCCH candidates may be necessary. 
In order to reduce the number of PDCCH candidates, the following points can be considered. 
1. Reduce the number of configured CORESETs and SS sets on each BWP
2. [bookmark: OLE_LINK41]Restrict the SS set configuration, e.g. 
· Only slot based PDCCH monitoring case (e.g. case1-1) is supported
· Only larger PDCCH monitoring periodicity is supported, since UE may not be able to complete PDCCH decoding in a slot. The periodicity limitation is related to subcarrier spacing.
3. Limited aggregation level
· Due to antenna gain loss, it may be necessary to consider a larger aggregation level to recover the coverage (e.g. only 4, 8, or 16 CCEs can be allocated).
4. PDCCH candidates dropping rule and mapping rule.
Observation 1: To reduce the PDCCH monitoring, gNB could configure a fewer number of CORESETs and SS sets on each BWP, and restrict the SS set configuration and aggregation level.
Proposal 1: The maximum number of BDs and CCEs can be reduced.
Reduce DCI size budget
[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]DCI size budget directly impacts the BD/CCE number. It is common understanding reducing DCI size budget is helpful for BD/CCE limit. 
Limiting to small DCI size budget for hypotheses to blind decoding could result in spectral efficiency loss, since large number of padded bits are needed. Large DCI size budget would result in fewer padding and achieve higher spectral efficiency at the expense of more blind decodings. The DCI size budget would be a trade-off between spectral efficiency and UE blind decoding complexity. 
However, this is not critical for RedCap UE. Since RedCap UE may work with small data or fixed data packet, the dedicated DCI format can be designed for RedCap UE. The dedicated DCI format can be designed naturally with small size. One codeword and narrowband BWP can fit for the small data transmission. Therefore, DCI bits can be reduced in some fields, e.g. multi-antenna information, carrier indicator and resource allocation can be reduced. 
For NR legacy, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 different DCI sizes are monitored per C-RNTI per slot. For RedCap UE, it is expected to reduce the DCI size budget to 1 or 2.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 2: DCI size budget can be reduced.
Evaluation
In this section, we provide some numerical analyses on the power saving gain by reducing the number of PDCCH candidates, which is based on the power consumption models and scaling factors provided in TR 38.840 [2].
Evaluation assumptions
According to [2], the power scaling scheme for PDCCH candidates processing reduction is as following:
	Power scaling scheme for PDCCH candidates processing reduction:
-	Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on micro sleep portion of the PDCCH-only slot
-	The UE power scheme should include the portion of PDCCH processing time reduction in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
-	Note: In the reference configuration, the first two symbols are PDCCH symbols
-	For power scaling for PDCCH candidate reduction (for same slot scheduling only):
	P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
-	where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0). Pt is the PDCCH-only power for same-slot scheduling.


Considering that 20MHz is the maximum bandwidth for RedCap UE, if BWP scaling based on [ 0.4 + 0.6 * (X - 20) / 80 ] is applied to the PDCCH-only state, power consumption of PDCCH-only would be 40. It is not feasible that PDCCH-only power is lower than that of micro sleep. 
To solve this issue, we have the following two assumptions.
· Assumption A: power consumption of PDCCH-only is scaled only based on the bandwidth of CORESET.
With Assumption A, we have the following assumptions.
Table 1: Evaluation assumptions based on Assumption A
	Reference Configuration
	Power state
	Relative power
	Note

	Downlink: TDD, FR1, 30 kHz SCS, 1 CC, 20 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 18, 36 PDCCH blind decoding as baseline.
Power values are averaged over the operations within a radio frame.
package arrival ratio M.
	Deep Sleep
	1
	No change to deep/light/micro sleep power consumption model

	
	Light Sleep
	20
	

	
	Micro sleep
	45
	

	
	PDCCH-only
	70*
	Power value @  Scaling CORESET BW to 20 MHz RX BW

	
	PDCCH+PDSCH
	120
	Power value @  BWP scaling to 20 MHz RX BW

	
	Scaling BWP of X MHz = 0.4 + 0.6 * (X - 20) / 80
Power scaling for PDCCH candidate reduction  P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
*The maximum bandwidth of CORESET can be scaled from 60MHz down to 20M, so the PDCCH-only power can be scaled down from 100 to 70.


· Assumption B: Power consumption of micro sleep decreases.
With Assumption B, we have the following assumptions.
Table 2: Evaluation assumptions based on Assumption B
	Reference Configuration
	Power state
	Relative power
	Note

	Downlink: TDD, FR1, 30 kHz SCS, 1 CC, 20 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 18, 36 PDCCH blind decoding as baseline.
Power values are averaged over the operations within a radio frame.
package arrival ratio M.
	Deep Sleep
	1
	No change to deep/light/mirco sleep power consumption model

	
	Light Sleep
	20
	

	
	Micro sleep
	30*
	Assume Micro sleep power level at 20MHz

	
	PDCCH-only
	40
	Power value @  BWP scaling to 20 MHz RX BW

	
	PDCCH+PDSCH
	120
	

	
	Scaling BWP of X MHz = 0.4 + 0.6 * (X - 20) / 80
Power scaling for PDCCH candidate reduction  P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
* We assume micro sleep power consumption is 30, and power consumption of PDCCH-only power is 40.


Evaluation results
Based on the above assumptions, we can achieve the numerical results of power gain with different package arrival ratios under assumption A and assumption B as follows.
Table 3: Evaluation results under Assumption A
	Power gain
	28
	18
	12
	8
	4
	1

	Data package arrival ratio M
	100%
	3.9%
	8.8%
	11.7%
	13.6%
	15.6%
	17%

	
	90%
	4.1%
	9.1%
	12.2%
	14.2%
	16.2%
	17.8%

	
	70%
	4.4%
	10%
	13.3%
	15.5%
	17.8%
	19.4%

	
	50%
	4.9%
	11.1%
	14.7%
	17.2%
	19.6%
	21.5%

	
	30%
	5.5%
	12.4%
	16.5%
	19.2%
	22%
	24%

	
	0%
	6.7%
	15%
	20%
	23.3%
	26.7%
	29.2%



Table 4: Evaluation results under Assumption B
	Power gain
	28
	18
	12
	8
	4
	1

	[bookmark: _GoBack]Data package arrival ratio M
	100%
	2.2%
	5%
	6.7%
	7.8%
	8.9%
	9.7%

	
	90%
	2.4%
	5.4%
	7.1%
	8.3%
	9.5%
	10.4%

	
	70%
	2.75%
	6.25%
	8.33%
	9.75%
	11.1%
	12.2%

	
	50%
	3.3%
	7.5%
	10%
	11.7%
	13.3%
	14.6%

	
	30%
	4.2%
	9.4%
	12.5%
	14.6%
	16.7%
	18.2%

	
	0%
	6.7%
	15%
	20%
	23.3%
	26.7%
	29.2%


From the above tables, the numerical power saving gain is about 8.8% ~15% under Assumption A and about 5% ~15% under Assumption B when reducing the number of PDCCH candidates by half.
Observation 2: Reducing the number of BDs can bring significant power saving gain, about 8.8%~15% based on Assumption A and  5%~15% based on Assumption B when reducing the BDs by half with the different package arrival ratios.

Conclusion
Based on the analyses and discussions, we have the following observations and proposals:
Observation 1: To reduce the PDCCH monitoring, gNB could configure a fewer number of CORESETs and SS sets on each BWP, and restrict the SS set configuration and aggregation level.
Proposal 1: The maximum number of BDs and CCEs can be reduced.
Proposal 2: DCI size budget can be reduced.
Observation 2: Reducing the number of BDs can bring significant power saving gain, about 8.8%~15% based on Assumption A and  5%~15% based on Assumption B when reducing the BDs by half with the different package arrival ratios.
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