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Discussion and Decision
1 Introduction

The Rel-17 SID for the support of reduced capability NR devices [1], includes the following objective:
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 the possible scope of the reduced PDCCH monitoring objective and define a framework for the evaluation methodology moving forward.
2 Scope of task

The WI description, states:
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].

The above objective is subject to interpretation and needs clarification.
1.  Is this objective limited to reviewing the impact of reducing the number of blind decodes and CCE monitoring capability limits defined for use with REDCAP UEs?  Or does it extend to reviewing all configuration techniques (existing and new) that can could employed to reduce the UE power consumption by reducing PDCCH monitoring?
Currently, NR specification TS38.213 [3], states that the maximum number of PDCCH candidates and CCE resources that UEs are required to blind decode and/or monitor, see tables 1 and 2:
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	Maximum number of monitored PDCCH candidates per slot and per serving cell [image: image2.wmf]m
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	0
	44

	1
	36

	2
	22

	3
	20


Table 1:  Table 10.1-2 from TS38.213 Maximum Number of monitored PDCCH candidates 
per slot for a DL BWP on a single serving cell
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	Maximum number of non-overlapped CCEs per slot and per serving cell [image: image4.wmf]m
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	56

	1
	56
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	48
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	32


Table 2:  TS38.213 Table 10.1-3  Maximum number of non-overlapped CCEs per slot 

for a DL BWP for a single serving cell
Our understanding of this objective is that it simply requires the study the system performance impacts of reducing the existing maximum number of PDCCH candidates and CCEs a lower complexity REDCAP UE is expected to process per slot and per serving cell.  Effectively, linking this objective with the objective to study UE complexity reduction features. 

Also, part of the Rel-17 UE power saving WID [5] is also intended to look specifically mechanisms also preserve power in IDLE/INACTIVE as well as in CONNECTED mode RLM/BFD measurements.  As part of the Release 16 Power Saving Study Item, the impact of reducing number of PDCCH candidates to power saving was evaluated and a model for power scaling/saving was developed accounting the impact of reducing the number of blind decoding candidates.  Some companies submitted studies on the impacts of reduced numbers of PDCCH candidates [2].   At least from those initial studies, the conclusion (TR38.840 [4]) for non-REDCAP Rel-16 UEs is copied below:
“PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain of 1.4%-11% is shown when the number of blind decoding candidates is reduced by half, with system level impact in terms of higher DL control blocking probability (e.g. assuming that 1/4 of the UEs are to be scheduled in a CORESET with such reduced blind decoding limit, the average blocking probability would increase by 50%).  One source shows power saving gain of 29% with single blind decoding candidate without showing the results of latency and expected high blocking probability.”

Similar studies could be considered also for REDCAP UEs once there is an understanding of the reduced capability (if any). If the maximum capability is reduced the power saving model would need to be reconsidered to account changes in UE capability.
In the context of power saving, Rel-16 work item has introduced some enhancements (see Section 4), and work is going to continue in Rel-17 looking for additional mechanisms to reduce PDCCH monitoring consumption. Also, part of the Rel-17 UE power saving WID [5] is also intended to look specifically mechanisms also preserve power in IDLE/INACTIVE as well as in CONNECTED mode RLM/BFD measurements.  
Ideally, the work to support the objectives above for non-REDCAP UEs, can be reused for REDCAP UEs. To make this possible, close alignment and agreement sharing/copying between the 2 groups is recommended.

Proposal 1:
RAN1 to clarify working relationship with Release 17 UE Power Saving Enhancements working group. 
3 Evaluation Methodology
The Rel-17 SI on support of reduced capability NR devices aims to study a UE with lower end capabilities relative to Rel-16 NR UE to serve three use cases with their corresponding requirements [1]:
· Industrial wireless sensors: Service availability is 99.99% and end-to-end latency less than 100 ms or 5-10ms for safety-related sensor. The reference bit rate is less than 2 Mbps and the battery should last at least few years. 
· Video Surveillance: Reference bitrate of 2-4 Mbps for normal video and 7.5-25 Mbps for high-end video, latency less than 500 ms, and reliability of 99%-99.9%.

· Wearables: Reference bitrate of 10-50 Mbps in and minimum 5 Mbps in UL. Peak bit rate of 150 Mbps for DL and 50 Mbps for UL. Battery life of multiple days up to 1-2 weeks.

The generic requirements for this study item include [1]:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

For evaluation purpose, it is important for RAN1 to align the assumptions and understanding on:

·   The configuration of the reference REDCAP UE(s)
· Characteristics such as the number of RX, scs, modulation, bandwidth support, etc
· Power consumption model (example below for power scaling for PDCCH candidate reduction from 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.


· Note that the models in TR38.840 assume eMBB type of devices, thus these models may need to be adjusted for REDCAP devices.
·   Simulation assumptions that aligned with the 3 use cases for:

· Deployment scenarios 
· Link and system level assumptions including the traffic models
· Industrial wireless sensors, Video Surveillance, Wearables
· Performance metrics

· E.g. percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme
·   Baseline feature set 
· To fairly assess the benefits of new features and techniques, we should first understand the best performance we can extract from existing configuration options.
Proposal 2: 

Agree the NR REDCAP UE capability set(s) for evaluation purpose.

· 2/3 sets of capabilities are envisaged depending on the peak data rate support, complexity and carrier support.

Proposal 3:

Agree the NR REDCAP UE power consumption model for required scenarios.

· Release 16 TR on UE Power Saving [4], can be used as a starting point and modified in accordance with the agreed UE capability set(s). 

Proposal 4:
Agree the link and system level assumptions, including the traffic models.

· Traffic models should be aligned with the target use cases.

4 Existing Release 15 and 16 features 
For Release 16, several techniques were specified to reduce UE power consumption by reducing PDCCH monitoring, including:
· PDCCH-based power-saving signal/channel triggering UE adaptation in RRC-Connected state.
·   DCI format 2_6 is used for notifying the power saving information outside DRX Active Time for one or more UEs. 
· Wake-up indication - 1 bit

· SCell dormancy indication
· Enhancements to cross-slot scheduling.
·   DCI formats 1_1 and 1_0 enhanced to include “Minimum applicable scheduling offset indicator”, which depending on the scenario and configuration can allow UEs to enter micro-sleep more often.
· UE power saving assistance information.
·   A higher layers enhancements, where the UE provides some information/preferences regarding upcoming traffic to enable optimization at lower layers of BWP/Coreset/SS/etc.

· Per BWP indication of maximum number of DL MIMO layers

· Would allow UE to adapt the number of RX chains in good radio conditions to preserve power
The above enhancements are built upon release 15 that already includes multiple features to help reduce UE power consumption be either directly or indirectly reducing PDCCH monitoring.  Some of the UE Power Saving features are listed below:

· BWP switching with BWP specific configurations

· DRX

· SPS

· Grant Free Transmission

If the scope of this objective, does include the development of new techniques to reduce REDCAP PDCCH monitoring, then it is important that they are fairly compared to existing techniques developed for Releases 15 and 16.
Whilst we consider it outside the scope of this objective to develop new techniques to reduce UE power consumption via reducing the number of PDCCH occasions that the UE is required monitor, it may be useful to review as part of this study existing features which:
· Could be impacted by the reduced maximum UE PDCCH monitoring candidates and CCE limits.

· In some scenarios, could yield similar or better UE power savings.

Proposal 5:
This study should consider the comparison and impact of reduced REDCAP UE PDCCH and CCE limits, with several existing release 15 and 16 features that reduce PDCCH monitoring, including: 

· BWP switching
· DRX

· SPS

· Grant Free Transmission

· Power Saving DCI format 2-6

· Cross-slot scheduling

· UE power saving assistance information

5 Conclusions

In this contribution, we have discussed the possible scope of the reduced PDCCH monitoring objective and define a framework for the evaluation methodology moving forward.

Proposal 1:
RAN1 to clarify working relationship with Release 17 UE Power Saving Enhancements working group. 

Proposal 2: 

Agree the NR REDCAP UE capability set(s) for evaluation purpose.

· 2/3 sets of capabilities are envisaged depending on the peak data rate support, complexity and carrier support.

Proposal 3:

Agree the NR REDCAP UE power consumption model for required scenarios.

· Release 16 TR on UE Power Saving [4], can be used as a starting point and modified in accordance with the agreed UE capability set(s). 

Proposal 4:
Agree the link and system level assumptions, including the traffic models.

· Traffic models should be aligned with the target use cases.

Proposal 5:
This study should consider the comparison and impact of reduced REDCAP UE PDCCH and CCE limits, with several existing release 15 and 16 features that reduce PDCCH monitoring, including: 

· BWP switching
· DRX

· SPS

· Grant Free Transmission

· Power Saving DCI format 2-6

· Cross-slot scheduling

· UE power saving assistance information
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