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[bookmark: _Ref513464071]Introduction
In RAN#86, a new SI on reduced capability NR devices was approved [1]. One of the objectives of the SI is the following:
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 #102-e, the following agreements were made regarding reduced PDCCH monitoring [2]:
Agreements:
· Use the VoIP traffic model from TR 38.840 as baseline. Other VoIP traffic models are not precluded and companies to report if other VoIP traffic models are assumed in evaluation.
Agreements:
· For power saving evaluation of RedCap UEs:
· Reuse the Instant message traffic model from TR 38.840 as baseline. Other Instant traffic models based on FTP model 3 are not precluded and companies to report the mean inter-arrival time and packet size if other instant traffic models are assumed in evaluation.
· FFS: ‘heartbeat’ traffic model
Agreements: 
· The scaling factor ‘0.7’ is used for 2 Rx to 1Rx power scaling for power reduction related evaluation.
· For evaluation, the power scaling for PDCCH candidate reduction defined in TR 38.840 is reused for Redcap UEs.
· For power consumption evaluation, the DRX configurations of Instant message and VoIP in TR 38.840 are reused.
· Discussion on reduced maximum number of configurable CORESET technique for power saving is deprioritized in the Redcap power saving sub-agenda
· For power consumption evaluation, use FTP-3 model with 100 Bytes packet size and 60s mean inter-arrival time as baseline for ‘heartbeat’ traffic.
· For power consumption evaluation, reuse the following DRX configuration defined in TS 38.840 for ‘heartbeat’ traffic model:
· C-DRX cycle 640 msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec

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)



Agreements: For Redcap power consumption evaluation:
· Note that 2RX is assumed
	Power State
	Alt.4a 

	Deep Sleep (PDS)
	0.8

	Light Sleep (PLS)
	18

	Micro sleep (PMS)
	31

	PDCCH-only (PPDCCH)
	50 for same-slot scheduling, 
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	PDSCH-only (PPDSCH)
	112

	SSB/CSI-RS proc. (PSSB)
	50

	Intra-frequency RRM measurement (Pintra)
	[60]Note4 (synchronous case, N=8, measurement only)
[80] Note4 (combined measurement and search)

	Inter-frequency RRM measurement (Pinter)
	[60] Note4 (neighbor cell search power per freq. layer)
[15080] Note4 (measurement only per freq. layer)
Micro sleep power assumed for switch in/out a freq. layer



Working assumption:
Adopting the following rule for power determination
· Rule 1: ‘Micro sleep’ power of 1 Rx is [0.8]x2 Rx ‘Micro sleep’ power 
· Rule 2: For both 1 Rx and 2 Rx configuration, 
· P(α) = max (Micro-sleep, α ∙ Pt + (1 – α) ∙ 0.7Pt))
· Pt is the PDCCH-only power for same slot and cross-slot scheduling cases.
Conclusion: It is up to each company to report the power consumption modeling for 3-symbols CORESET configuration and reduced number of non-overlapped CCEs.   

This contribution discusses PDCCH monitoring reduction for RedCap UEs and provides evaluation results.
PDCCH monitoring reduction
PDCCH monitoring is one of the largest contributors to power consumption as it requires UE to be active even when there is no data to receive. In addition, a larger number of blind decoding attempts in a PDCCH monitoring occasion leads to higher power consumption and implementation complexity as a UE needs to finish decoding all blind decoding candidates within a processing time allowed. Therefore, reducing UE’s active time for PDCCH monitoring as well as the number of blind decodes in a monitoring occasion will reduce UE implementation complexity and power consumption.

Evaluation results
NR has been designed for moderate to high complexity UEs and therefore UE requirements are higher than those of RedCap UEs. Regarding PDCCH monitoring, the blind decoding and CCE limits adopted in NR are provided in Table 1. Reducing these capabilities may be considered for RedCap UEs.

[bookmark: _Ref47709345]Table 1 Blind decoding and CCE limits in NR
	SCS [kHz]
	15
	30
	60
	120

	Maximum number of monitored PDCCH candidates per slot
	44
	36
	22
	20

	Maximum number of non-overlapped CCEs per slot
	56
	56
	48
	32




Using the agreed power model agreed, Figure 1 illustrates the power saving gain of PDCCH monitoring for 2 Rx antennas. We can see from the figure that when the number of blind decodes is reduced by 50%, 15% power saving in PDCCH monitoring can be achieved. 
The aggregate power saving would of course depend on the ratio of the total power spent on PDCCH monitoring. Figure 2 shows the total power saving gain as a function of the ratio of the power spent on PDCCH monitoring when the number of blind decodes is reduced by 50%. As expected, the more power UE spends on PDCCH monitoring, the more gain it is going to achieve by reducing the number of blind decodes. For example, for 50 % power spent on PDCCH monitoring, the UE can achieve  total power saving.
[image: ]
Figure 1 Power saving as a function of BD reduction

[image: ]
Figure 2 Total power saving as a function of PDCCH power consumption 

Figure 3 shows the impact of reducing the number of BDs and CCEs on PDCCH blocking probability with the following parameters.

	AL: [1 2 4 8 16]
AL distribution probability: [ 0.4 0.3 0.2 0.05 0.05]
Number of blind decodes (baseline): [ 6 6 2 2 2]
Reduced number of blind decodes: [3 3 1 1 1]
Number of CCEs (baseline): 32
Reduced number of CCEs: 16



We can see form the figure that when the number of blind decodes is reduced by 50%, an increase in blocking probability can be observed as expected. For 10 UEs and 32 CCEs, the blocking probability increases from about 15% to 20%. Reducing the number of CCEs can further increase the blocking probability to 30% and 40%, respectively. It should be noted that the actual blocking probability observed in a real system would depend on many parameters such as the AL distribution, traffic type, etc.
[image: ]
Figure 3 PDCCH blocking probability
System level simulation results:
The power saving gain of reducing PDCCH monitoring has also been evaluated with system level simulations. The simulation assumptions are provided in the Appendix. The power consumption model agreed in [2] has been used. 
The results are listed in Table 2. From the results, it can be observed that 10% power saving gain can be achieved from reducing the number of BDs to half. PDCCH blocking was also included in the simulations to study the impact of blocking on power consumption. However, it did not make a negligible difference because due to the traffic model used, there was not enough loading to create significant blocking. In addition to this, we observed that most UEs were scheduled with lower ALs.

Table 2 System level simulation results
	Power saving gain
	10%

	Relative time spent on different states
	"PDCCH only" slot percentage: 8%
"PDCCH+PDSCH" slot percentage: 1%
"Deep sleep" slot percentage: 91%
"Light sleep" slot percentage is: 0%
"Micro sleep" slot percentage is: 0%




Based on the above discussion, we propose the following:
Proposal 1: PDCCH monitoring reduction by smaller number of BDs is adopted for RedCap UEs..
Conclusion
This contribution has discussed reduced PDCCH monitoring for reduced capability devices. Based on the discussion, we propose the following:
Proposal 1: PDCCH monitoring reduction by smaller number of BDs is adopted for RedCap UEs.
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Appendix

Table 3 System level simulation assumptions
	Parameters
	Value

	Layout
	Single layer (macro)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	System bandwidth =
	20 MHz

	Channel model
	3D Uma

	Bs Tx power
	49 dBm

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 (Tx) x 2(Rx)
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	80% indoor, 20% outdoor10 UEs per cell


	Scheduler
	Time-domain PF SU-MIMO


	Channel estimation
	Realistic

	Receiver type
	MMSE-IRC



[bookmark: _Ref1038175]Table 4 Traffic type
	Instant messaging

	Model
	FTP model 3

	Packet size
	0.1 Mbytes

	Mean inter-arrival time
	2 sec

	DRX setting
	Period = 320 ms
Inactivity timer = 80 ms
FR1 On duration: 10 msec
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