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[bookmark: _Ref40394462]Introduction
In RAN plenary meeting #86, a new study item was approved to support reduced capability NR devices in Rel-17 [1]. One of the objectives of the SI is to study UE power saving enhancements for Reduced Capability (RedCap) NR UEs as highlighted below in the text from the SID [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 this contribution, we discuss and evaluate the benefits and drawbacks of introducing smaller numbers of blind decodes and CCE limits for reduced capability NR UEs in Rel-17.
Power saving and #CCEs/BDs limits
In NR Rel-15, the PDCCH monitoring capability is mainly defined by the number non-overlapped CCEs for PDCCH channel estimation and the number PDCCH candidates the UE expected to monitor in a slot.
Table 10.1-2 in TS 38.213 provides the maximum number of monitored PDCCH candidates,, per slot for a UE in a DL BWP with SCS configuration µ for operation with a single serving cell.
Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
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	Maximum number of monitored PDCCH candidates per slot and per serving cell  

	0
	44

	1
	36

	2
	22

	3
	20


Table 10.1-3 in TS 38.213, provides the maximum number of non-overlapped CCEs,, for a DL BWP with SCS configuration µ that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell.
Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration for a single serving cell
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	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


The above mentioned limits for PDCCH monitoring is one of the basic UE features (mandatory without capability signalling) in NR Rel-15. Reducing PDCCH monitoring for RedCap UEs can be achieved by introduced smaller number for CCEs/BDs limits. As it is clear from the SID, the motivation for reducing the PDCCH monitoring capability is to reduce the UE power consumption and enhance the battery lifetime.
However, although the UE can support a specific (maximum) number of CCEs/BDs in a slot, the gNB can configure the UE with less number of CCEs/BDs. Using the high layer parameters for CORESET and Search Space configurations, the gNB has high flexibility in controlling the monitored CCEs and BDs by the UE.
Thus, in terms of power consumption for PDCCH monitoring, the power consumption from PDCCH monitoring is determined by the configured #CCEs/BDs for PDCCH monitoring rather than the UE limits/capability for #CCEs/BDs. As defined in the power saving model that was adopted in Rel-16 power saving SI [2], the power consumption is clearly depends on the configured number for PDCCH monitoring, which in modelled as the ratio (α) of configured PDCCH candidates to the max number of PDCCH candidates.
	Section “8.1.3 UE power consumption scaling for adaptation” in TR38.840:
- 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.


Hence, any power saving for PDCCH monitoring can be actually achieved by existing configuration methods in NR Rel-15/Rel-16, and RedCap UEs can benefit from such existing procedures to reduce the power consumption and enhance the battery lifetime.
Observation 1: The monitored numbers of blind decodes and CCEs by the UE is controlled by the network configuration.
Observation 2: The power consumption by PDCCH monitoring is determined by the configured #CCEs/BDs for PDCCH monitoring rather than the UE limit/capability for #CCEs/BDs.
Observation 3: There is no expected power savings by adopting smaller numbers of blind decodes and CCE limits for RedCap UEs.

Also, with the existing mechanisms in NR for power saving, the configured number of PDCCH candidates has small impact on the power consumption. One of such existing mechanisms is cross-slot scheduling that is introduced in R16. In addition, for sporadic and latency tolerant traffic, the gNB will configure the UE with less frequent PDCCH monitoring periodicity. Hence, the configured (or supported) PDCCH candidates per monitoring occasion will have diminishing impact on the power consumption.
To evaluate the impact of the configured (or supported) PDCCH candidates on power consumption, we simulate the following cases:
1. Baseline-1: Static cross-slot scheduling (FR1: k0=2, FR2: k0=4).
2. Baseline-2: Baseline-1 + larger PDCCH monitoring periodicity (4 slots for FR1 and FR2).
3. Configuration with less BDs: Baseline-1 (or Baseline-2) + Configuration with 50% BDs.
The simulation settings are listed in the Appendix. As it can be seen from Table 1, compared to Baseline-2, only 1.6% power saving can be achieved by configured the UE with half of the BDs budget in FR1 for VoIP traffic. Similarly, for FR2 only 3.9% power saving gain can be achieved by reducing the configured PDCCH candidates by 50%.
The same trend can be noticed for IM traffic as in Table 2.
[bookmark: _Ref47617093]Table 1: Power consumption comparison for different mechanisms of power saving (VoIP traffic)
	
	PDCCH monitoring periodicity: 1 slot
	PDCCH monitoring periodicity: 4 slots

	
	Baseline-1
	Configuration with 50% BDs 
	Baseline-2
	Configuration with 50% BDs

	FR1

	Power (units)
	34.83
	32.98
	31.34
	30.82

	PS Gain (w.r.t baseline)
	-
	5.3%
	-
	1.6%

	FR2

	Power (units)
	77.41
	71.69
	64.93
	62.37

	PS Gain  (w.r.t baseline)
	-
	7.4%
	-
	3.9%


[bookmark: _Ref53786057]Table 2: Power consumption comparison for different mechanisms of power saving (IM traffic)
	
	PDCCH monitoring periodicity: 1 slot
	PDCCH monitoring periodicity: 4 slots

	
	Baseline-1
	Configuration with 50% BDs 
	Baseline-2
	Configuration with 50% BDs

	FR1

	Power (units)
	7.18
	6.83
	6.83
	6.71

	PS Gain (w.r.t baseline)
	-
	4.8%
	-
	1.7%

	FR2

	Power (units)
	12.59
	11.73
	10.83
	10.40

	PS Gain  (w.r.t baseline)
	-
	6.8%
	-
	3.9%



Observation 4: With the existing mechanisms in NR that can be used for power saving, the impact of the configured (or supported) PDCCH candidates on the power consumption is marginal.
Impact of #CCEs/BDs on system performance
It is clear that any reduction in UE capability can have impact to the system performance, and it is essential to study and evaluate the possible impact of any reduction in the UE capability. One of the aspects that is impacted by the supported number of CCEs/BDs is the scheduling flexibility of the gNB. More specifically, the radio resources for DL control is shared among the users in the cell. So, for a given number CCEs supported by the UEs, the gNB need to allocate PDCCH candidates to the UEs without any overlap in the allocated candidates. Hence, scheduling a UE could be blocked if the gNB can’t find PDCCH candidate (for the required AL) that doesn’t overlap with other allocated PDCCH candidates.
The PDCCH blockage rate is highly impacted by the supported limit of the number of CCEs by the UEs. To illustrate the impact of the number of CCEs limit on the PDCCH blockage rate, Figure 1 shows a comparison of the blockage rate for different limits on the supported #CCEs by the UE. As it can be seen from the figure, reducing the limit of #CCE by 50% will significantly increase the blockage probability.
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[bookmark: _Ref40204910]Figure 1: PDCCH blockage rate for different limits for the #CCEs.
Observation 5: Reducing the number of CCEs supported by the UE significantly degrades the system performance by increasing the PDCCH blockage rate.
Given that there is no expected power savings by adopting smaller numbers of blind decodes and CCE limits, and the significant impact to the system performance, this feature shouldn’t be considered for RedCap UEs in Rel-17.
Proposal 1: Reduced PDCCH monitoring by adopting smaller numbers of blind decodes and CCE limits is not considered for RedCap UEs in Rel-17. 
Conclusions
In this contribution, we discussed and evaluated the benefits and drawbacks of introducing smaller numbers of blind decodes and CCE limits for reduced capability NR UEs in Rel-17. We have the following observations and proposal:
Observation 1: The monitored numbers of blind decodes and CCEs by the UE is controlled by the network configuration.
Observation 2: The power consumption by PDCCH monitoring is determined by the configured #CCEs/BDs for PDCCH monitoring rather than the UE limit/capability for #CCEs/BDs.
Observation 3: There is no expected power savings by adopting smaller numbers of blind decodes and CCE limits for RedCap UEs.
Observation 4: With the existing mechanisms in NR that can be used for power saving, the impact of the configured (or supported) PDCCH candidates on the power consumption is marginal.
Observation 5: Reducing the number of CCEs supported by the UE significantly degrades the system performance by increasing the PDCCH blockage rate.
Proposal 1: Reduced PDCCH monitoring by adopting smaller numbers of blind decodes and CCE limits is not considered for RedCap UEs in Rel-17. 
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Simulation settings for power saving evaluation results that are listed in Table 1 and Table 2.
Table 3: Simulation settings for power saving
	
	VoIP
	IM

	Traffic model
	(TR 38.840)
As defined in R1-070674.
Assume max two packets bundled
	(TR 38.840)
Model: FTP model 3
Packet size: 0.01 Mbytes
Mean inter-arrival time: 2 sec

	cDRX setting
	(period, On-duration timer,  IAT) ms
FR1: (40, 4, 10)
FR2: (40, 2, 10)
	(period, On-duration timer,  IAT) ms
FR1: (320, 10, 80)
FR2: (320, 5, 80)

	#CC
	1CC of total 20 MHz in FR1
1CC of total 100 MHz in FR2

	#UE / cell
	10 UEs in FR1, FR2

	SCS
	30KHz FR1, 120KHz FR2

	#Rx
	2 Rx antennas
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