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	Version
	Author
	Description

	V008
	Feature lead 
shenxiaodong@vivo.com
	· Updated figures including results from Xiaomi, and Spreadtrum for power evaluation in section 3.2
· Provide figures for coverage evaluation in section 3.3.1
· FL provide comments to [Q]3.2

	V009
	Feature lead 
shenxiaodong@vivo.com
	· Minor update, move the table of observations copy/paste from each company’s contribution into section 3.3.1

	V010
	Huawei
	Huawei’s comments added

	V011
	Feature lead 
shenxiaodong@vivo.com
	Update results and provide observation for each part.
· Power Excel Sheet V040
· Coverage Excel Sheet V016

	V012 V013

	Feature lead 
shenxiaodong@vivo.com
	Update results and provide observation for each part.
· Coverage Excel Sheet V017-V020
· Update figures including results from the update results from Xiaomi for power evaluation in section 3.2.

	V014
	Feature lead 
shenxiaodong@vivo.com
	· Adding memo’s for observation section. Collecting comments during the offline discussion.
· Updating Xiamo’s connected mode results

	V017
	Feature lead 
shenxiaodong@vivo.com
	· Update memo’s for offline session in Thursday afternoon

	V018
	Feature lead 
shenxiaodong@vivo.com
	Update results and provide observation for each part.
· Coverage Excel Sheet V020
· Power Excel Sheet V048

Make modification according to the memos
(1) Section 3.2.1.1.1 
Memo during the offline discussion
Capture the following definition:
The following ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)

Make change from ‘Effective UE wake-up rate’ to ‘Effective per UE paging arrival rate’
Collect the results based on the followings ranges, 
· Effective UE wake-up rate : (0%, 0.1], (0.1, 1%], (1%, [8%]), [>=[8%])  -> This applies to all the following sections

For duty cycle based LP-WUS monitoring, the following observations are made with the assumption that 
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.
· FAR is derived within a i-DRX cycle, T = i-DRX cycle  -> Need to check with DRX cycle
(2) Section 3.2.1.2.1
Memo during the offline discussion
Report resource for LP-WUS monitoring. (Adding a column in the excel sheet)
In observation part, adding N for (FAR, N, T, ON) , however, most companies did not report N, so FL encourage companies to update next version. 
(3) Adding section various LP-WUR "ON" state relative power for continuous monitoring
(4) Adding section RRM for LP-WUR continuously monitoring 
(5) Adding section Impact to various MR sync/re-sync assumptions
(6) Adding section Impact to various MR ramp-up time/transition energy assumptions
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[bookmark: _Toc136521997]Introduction
This document summarizes the evaluation results for AI 9.11.1 and email discussions.
The corresponding attachment are the power and coverage excel sheet for companies’ results.
[bookmark: _Toc529948047]
[bookmark: _Toc136521998]Template for evaluation results
Moderator recommends to work on a template to collect the results during this meeting. Including
· Collecting results for power, latency, overhead, capacity and etc.
· Collecting results for link budget for LP-WUS and NR channel (for comparison purpose)
https://www.3gpp.org/ftp/Meetings_3GPP_SYNC/RAN1/Inbox/drafts/9.11(FS_NR_LPWUS)/9.11.1/Evaluation%20Results
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[bookmark: _Toc136521999]Evaluation Results
[bookmark: _Toc136522000]Plans

[bookmark: _Toc136522001]Consolidation of the power and latency evaluation
<Editors’ Note: The following figures are draft version, it may be updated according to companies’ input. Some of the results may not be presented in the figure which may be due to, e.g., difficulties to calculate/consolidate the values or wrong placement of the results. It may be added later.>

[Q3.2]: For section 3.2, do you have any general comments regarding the structure of the consolidation of the results, e.g., adding or removing any sub-section/figures, how to filtering and categorizing the results
	Companies
	Comments

	MTK1
	· To point out a need for RRM offloading and RRM relaxation, the results of RRM measurement performed by MR should be provided.
· To point out a need for LP-SS, the resluts of duty cycle given larger power consumption values such as 1/2/4/10/30 should be provided.


	Ericsson1
	Thank you for providing the Summary. Some initial comments.
Suggest clarifying meaning of the term ‘wake-up arrival rate’. It appears that in the current version the term refers to paging/group paging rate. False alarm also results in ‘wake-up’ and the combined effect impacts power saving gain. So, how false alarm is reflected should be clarified. 
[FL] Currently, the following wake-up arrival rate is used to summarize all the per UE and per group results as follows,
wake-up arrival rate = reference traffic arrival rate (column Y) * number of UE in the group (column AA)
It’s OK if companies want different figures for per UE and per group, but it will be very limited results and double-size the figures. 
Can we consider this way first? If there are some particular impact/case, we can specially handle per UE and per group in separate way.
Suggest capturing information on I-DRX and/or WUS duty-cycle lengths used for the results (e.g., in the Notes below the results).  Information on Sync/resync time should also be captured. 

	Huawei, HiSilicon
	1. [bookmark: _GoBack]For the collection of results in general, we see FAR of 1%, FAR of 0.1% and FAR 0% are collected respectively. We should firstly align the reference period of the FAR as we agreed in the last meeting (maybe 1.28s is a good starting point), otherwise it is difficult to compare the results. Secondly, for the FAR of 0% in continuously monitoring, we assume this refers to the FAR with very low values for a single trial, but if the accumulated FAR is compared as we agreed, the accumulated FAR can be aligned with 0.1% in this case.
2. We found that in the observations and simulations are summarized respectively for the case where power consumption of LP-WUR ON power is less than 0.1 and for the case where power consumption of LP-WUR ON power is no less than 0.1. This category based on whether power consumption of LP-WUR ON is less than 0.1 is not proper in our view. Some finer granularity should be considered which may depend on the discussion of mapping between LP-WUS receiver and power consumption in 9.11.2. In general, we think the observation should also consider the LP-WUR ON power consumption value of 1 as a switching point, and the simulations and observations w.r.t the cases where PLP-WUR ON <0.1, 0.1<=PLP-WUR ON <1, 1<=PLP-WUR ON <30, should be discussed.
3.  In section of “Various LP-WUR “ON” state relative power”, it seems only duty cycle monitoring is considered, but continuously monitoring should be also discussed. 
4. For the “wake-up arrival rate”, it should be changed to “paging arrival rate”. Also, based on our observation, most of the power saving evaluation is based on the assumption of coverage of LP-WUR is aligned with PUSCH coverage or PDCCH coverage. This may need to be claimed also in the text.
5. The re-sync time and power consumption due to re-sync when LP-WUR transits from off to on state may need to be considered also into the duty cycle mode. We have a proposal in the last meeting regarding the modelling of LP-WUR off and on transitions but not agreed finally. If we have progress in RAN1#113, this should be also considered in future updates of results.
6. Some of the observations may not be proper, e.g. make observation only for LP-WUR power ON<0.1 and >=0.1 respectively. In our understanding, all the observations provided here should be just for information, which is difficult to judge proper or not now (even the formulation). Detailed observations should be made based on the finalized the simulation results. 
7. Some of our results are not captured in the figures yet. But we think moderators shall update as commented in this document. 

	
	

	
	

	
	


[bookmark: _Hlk133416678]
[bookmark: _Toc136522002]RRC IDLE/INACTIVE mode
[bookmark: _Toc136522003]Duty cycled LP-WUS 
Comparing Duty cycled LP-WUS and I-DRX as baseline.
The following ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)


[bookmark: _Toc136522004]Collection of the results
[Proposal 1.1-1]: 
[bookmark: _Toc136522005](FAR, ON power) = (1%, <10unit)
FAR=1%, LP-WUR on state power <10unit, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep


Figure 1-1. XXX
Note: All results assumes MR ramp-up time/energy is 400ms/15000.
Note: Futurewei results assume effective per UE paging arrival rate = 10%.
Note: QC results assume MR ramp-up energy is 20000.

[Proposal 1.1-2]: 
[bookmark: _Toc136522006](FAR, ON power) = (1%, >=10unit)
FAR=1%, LP-WUR on state power >=10unit, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 1-2. XXX


[Proposal 1.1-3]: 

[bookmark: _Toc136522007](FAR, ON power) = (<=0.1%, <10unit)
FAR<=0.1%, LP-WUR on state power <10unit, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 1-3. XXX
Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results including FAR is 0%
Note3: XXX

[Proposal 1.1-4]: 
[bookmark: _Toc136522008](FAR, ON power) = (<=0.1%, >=10unit)
FAR<=0.1%, LP-WUR on state power >=10unit, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 1-4. XXX
Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results include FAR is 0%
Note3: ZTE results assume LP-WUR off state power is 0.6unit.

[Proposal 1.1-5]: 


Figure 1-5. XXX
Note：MediaTek assumes latency is from data arrival (i.e. LP-WUS transmission) to finish sync/re-sync.
[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
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[bookmark: _Toc136522009]Observations

[bookmark: OLE_LINK2][Proposal 1.1-6]: 
Observations :
For duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.

1) For (FAR, ON power) = (1%, <10unit)
· Effective per UE paging arrival rate<=1% (including per UE and per group LP-WUS) 
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([44%~90%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (0.69~1.431) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-39%~51%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (1.119~1.22) second

2) For (FAR, ON power) = (1%, >=10unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([59%~89%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (0.69~1.431) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([51%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (1.119~1.22) second

3) For (FAR, ON power) = (<=0.1%, <10unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([47%~99%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (0.69~1.431) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-31%~83%]) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (1.119~1.22) second

4) For (FAR, ON) = (<=0.1%, >=10unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-42%-96%]) 
· Compared with i-DRX with or without PEI paging latency (YY-YY) second, LP-WUS will result in mean paging latency (0.69~1.431) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-123%~81%]) 
· Compared with i-DRX with or without PEI paging latency (YY-YY) second, LP-WUS will result in mean paging latency (1.119~1.22) second

Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)

[bookmark: _Toc136522010]Continuous monitoring LP-WUS
Continuous monitoring LP-WUS comparing with I-DRX as baseline
[bookmark: _Toc136522011]Collection of the results
[Proposal 1.2-1]: 

[bookmark: _Toc136522012](FAR, T, ON) = (1%, 1.28s, <=0.5unit)
(FAR, N, T)=(1%,? , 1.28s)?,LP-WUR on state power <=0.5unit , no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep



Figure 2-1. XXX
[Proposal 1.2-2]: 

[bookmark: _Toc136522013](FAR, T, ON) = (1%, 1.28s, >0.5unit)
(FAR, N, T)=(1%,? , 1.28s)?, LP-WUR on state power >0.5unit, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep


Figure 2-2. XXX

[Proposal 1.2-3]: 
[bookmark: _Toc136522014](FAR, T, ON) = (0.1%, 1.28s, <=0.5unit)
(FAR, N, T)=(1%,? , 1.28s)?, LP-WUR on state power <=0.5unit, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 2-3. XXX

Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results include FAR is 0%

[Proposal 1.2-4]: 
[bookmark: _Toc136522015](FAR, T, ON) = (0.1%, 1.28s, >0.5unit)
(FAR, N, T)=(1%,? , 1.28s)?,, LP-WUR on state power >0.5unit, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 2-4. XXX
Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results include FAR is 0%

[Proposal 1.2-5]: 
 

Figure 2-5. XXX
Note:HW&HiSi results assume dynamic PO and from data arrival (i.e. LP-WUS transmission) to finish sync/re-sync
[Q]: Comments 
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
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Comments to each companies’ results
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[bookmark: _Toc136522016]Observations

[Proposal 1.2-6]: 
For continuous based LP-WUS monitoring, the following observations are made with the assumption that 
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.

Observations: 
1) For (FAR, T, ON, ) = (1%, 1.28s, <=0.5unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (35%~89%) 
· Compared with i-DRX with and without PEI paging latency (YY~YY) second, LP-WUS will result in paging latency (0.471~1.47) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide power saving gain (-56%~7%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in paging latency (0.779~1.47) second

2) For (FAR, T, ON) = (1%, 1.28s, >0.5unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-252%~6%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY)  second, LP-WUS will result in paging latency (0. 471~1.47) second
· Effective per UE paging arrival rate >1%(including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide power saving gain (-324%~-238%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in paging latency (0.779~1.47) second

3) For (FAR, T, ON) = (0.1%, 1.28s, <=0.5unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (44%~99%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY)  second, LP-WUS will result in paging latency (0.471~1.47) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide power saving gain (-47%~77%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in paging latency (0.779~1.47) second

4) For (FAR, T, ON) = (0.1%, 1.28s, >0.5unit)
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-912%~-14%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY)  second, LP-WUS will result in paging latency (0.471~1.47) second
· Effective per UE paging arrival rate >1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide power saving gain (-926%~-5%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in paging latency (0.779~1.47) second


[bookmark: _Toc136522017]Various LP-WUR “ON” state relative power for duty-cycled monitoring 
Comparing various relative power of LP-WUR “ON” state and I-DRX as baseline
[bookmark: _Toc136522018]Collection of the results
[Proposal 1.3-1]: 
[bookmark: _Toc136522019](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
0.1%< Effective per UE paging arrival rate <=1% , FAR=1%, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep


Figure 3-1. XXX

[Proposal 1.3-2]: 
[bookmark: _Toc136522020](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1% , <=1%)
Effective per UE paging arrival rate <=0.1% , FAR<=0.1%, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep



Figure 3-2. XXX

Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results include FAR is 0%
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[bookmark: _Toc136522021]Observations
[Proposal 1.3-3]: 
For various relative power of LP-WUR “ON” state, the following observations are made with the assumption that 
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.

Observations: 
1) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
· WUR ON power <1unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (44%~91%) 
· 1unit<=WUR ON power <10unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (43%~89%) 
· 10unit=<WUR ON power <=30unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (59%~89%) 

2) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1% , <=1%)
· WUR ON power <1unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (61%~99%) 
· 1unit<=WUR ON power <10unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (59%~98%) 
· 10unit=<WUR ON power <=30unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-35%~96%) 

[bookmark: _Toc136522022]Various LP-WUR “ON” state relative power for continuous monitoring
Memo from offline discussion
· Including the following cases
· continuous monitoring
· duty-cycled monitoring with large duty-cycled ratio (e.g., 50%)
 
[bookmark: _Toc136522023]Collection of the results
[Proposal 1.4-1]: 
[bookmark: _Toc136522024](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
0.1%< Effective per UE paging arrival rate <=1% , FAR=1%, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 4-1. XXX
[Proposal 1.4-2]: 
[bookmark: _Toc136522025](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1% , <=1%)
Effective per UE paging arrival rate <=0.1% , FAR<=0.1%, LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep


Figure 4-2. XXX
[Q]: Comments
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[bookmark: _Toc136522026]Observations
[Proposal 1.4-3]: 
For various relative power of LP-WUR “ON” state, the following observations are made with the assumption that 
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.

Observations: 
1) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
· WUR ON power <1unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (35%~89%) 
· 1unit<=WUR ON power <10unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-154%~6%) 
· 10unit=<WUR ON power <=30unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-599%) 

2) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1% , <=1%)
· WUR ON power <1unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (47%~99%) 
· 1unit<=WUR ON power <10unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-142%~25%) 
· 10unit=<WUR ON power <=30unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-1380%~-586%) 


[bookmark: _Toc136522027]eDRX
Comparing Duty cycled LP-WUS and eDRX as baseline
[bookmark: _Toc136522028]Collection of the results
[Proposal 1.5-1]: 
[bookmark: _Toc136522029]LP-WUS monitoring occasion restricted within eDRX active time
LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 5-1. XXX

Figure 5-2. XXX

[Proposal 1.5-2]: 
[bookmark: _Toc136522030]No restriction of LP-WUS monitoring occasion
LP-WUR duty cycle ratio <=1%, no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle, MR in ultra-deep sleep

Figure 5-3. XXX

Figure 5-4. XXX
Note1：Futurewei provides results assuming LP-WUS duty cycled T = 29440ms/40960ms and LP-WUS duty cycled D =100ms.
Note2：MediaTek assumes latency is from data arrival (i.e. LP-WUS transmission) to finish sync/re-sync.
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[bookmark: _Toc136522031]Observations
[Proposal 1.5-3]: 
Observations: 

For eDRX as baseline, the following observations are made with the assumption that 
· LP-WUR duty cycle ratio <=1%
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.

1) LP-WUS monitoring occasion restricted within eDRX active time
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (60%~83%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (16.1731) second
2) No restriction of LP-WUS monitoring occasion
· Effective per UE paging arrival rate >8% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (3%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (18.12) second
· Effective per UE paging arrival rate <=1% (including per UE and per group LP-WUS)
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (28%~33%) 
· Compared with i-DRX with or without PEI paging latency (YY~YY) second, LP-WUS will result in mean paging latency (0.69~18.12) second

[bookmark: _Toc136522032]RRM for LP-WUR duty-cycled monitoring 
Measurement performed by MR only and MR RRM relaxed X times and RRM offload to LR
[bookmark: _Toc136522033]Collection of the results
[Proposal 1.6-1]: 
Effective per UE paging arrival rate <=1% , LP-WUR duty cycle ratio <=2%, MR in ultra-deep sleep, baseline: I-DRX

Figure 6-1. XXX

Note1: Nokia provides results assuming FAR is 0.001%
Note2: CATT/Spreadtrum/Ericsson/HW&HiSi/Samsung/vivo/ZTE provides results include FAR is 0%
Note3: QC results assumes MR ramp-up energy is 20000.
Note4: XXX
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[bookmark: _Toc136522034]Observations
Memo during the offline discussion
Adding Note3: Nokia’s results assuming eDRX RRM relaxation
Using results MR ramp-up time/transition energy option 1.

<Editor’s Note: The following observation is agreed in RAN1#113, further update on the numbers can be made later.>
[Proposal 1.6-2]: 
For RRM with duty-cycled LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)


Observations:

Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-569%~-301%]) 
· MR relaxed < 8 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-32%~15%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([31%~60%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([51~92%]) 
· RRM offload RRM to LR
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([68%~92%]) 

Note: The ‘Effective per UE paging arrival rate’ is defined as (without taking FAR into account)
· Per UE paging probability RE if LP-WUS is per UE paging
· Per group paging probability RG = 1 – (1 – RE)N, if LP-WUS is per group paging (N is the number of UEs in the group)

[bookmark: _Toc136522035]RRM for LP-WUR continuously monitoring 
Measurement performed by MR only and MR RRM relaxed X times and RRM offload to LR
[bookmark: _Toc136522036]Collection of the results
[Proposal 1.7-1]: 

[bookmark: _Toc136522037](Effective per UE paging arrival rate, LP-WUR on state power) = ((0.1%,1%], <=0.5unit)

Effective per UE paging arrival rate <=1% , LP-WUR on state power <=0.5unit, MR in ultra-deep sleep, baseline: I-DRX



Figure 7-1. XXX
[bookmark: _Toc136522038](Effective per UE paging arrival rate, LP-WUR on state power) = ((0.1%,1%], >0.5unit)

Effective per UE paging arrival rate <=1% , LP-WUR on state power >0.5unit, MR in ultra-deep sleep, baseline: I-DRX

[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
	
	Comment

	Company X
	

	Company Y
	

	Company Z
	



Comments to each companies’ results
	
	Result Company A
	Result Company B
	Result Company C

	Company X
	
	
	

	Company Y
	
	
	

	Company Z
	
	
	

	
	
	
	

	
	
	
	




[bookmark: _Toc136522039]Observations

[Proposal 1.7-2]: 

For RRM with continuous LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· LP-WUR duty cycle ratio <=2%
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)


Observations:
For RRM with continuous LP-WUS monitoring, the following observations are made with the assumption that 
· MR in ultra-deep sleep
· Effective per UE paging arrival rate <=1% 
· MR ramp-up time/transition energy option 1 (i.e., 400ms, 15000)

1) For (Effective per UE paging arrival rate, LP-WUR on state power) = ((0.1%,1%], <=0.5unit)

Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-567%]) 
· MR relaxed < 8 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([5%~12%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([3%~25%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([50~83%]) 
· RRM offload RRM to LR
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([68%~89%]) 
2) For (Effective per UE paging arrival rate, LP-WUR on state power) = ((0.1%,1%], >0.5unit)

Compared with i-DRX, LP-WUS operation with
· No RRM relaxed
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-1034%]) 
· MR relaxed < 8 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-53%)) 
· 8 times<= MR relaxed <=16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-193%~ 1%]) 
· RRM relaxed > 16 times
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-257~ 44%]) 
· RRM offload RRM to LR
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain ([-239%~ -22%]) 


[bookmark: _Toc136522040]Impact by various MR sync/re-sync assumptions
Memo during the offline discussion
Categorize the results into MR sync/re-sync time
· sync/re-sync energy for MR <= [TBD]

[bookmark: _Toc136522041]Collection of the results
[Proposal 1.8-1]: 
[bookmark: _Toc136522042](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)

FAR = 1%, 0.1%<Effective per UE paging arrival rate <=1% , duty cycle ratio<= 1%, MR in ultra-deep sleep, baseline: I-DRX


Figure 8-1. XXX
[bookmark: _Toc136522043](FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1%, <=1%)
FAR <= 0.1%, Effective per UE paging arrival rate <=0.1% , duty cycle ratio<= 1%, MR in ultra-deep sleep, baseline: I-DRX

Figure 8-2. XXX
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[bookmark: _Toc136522044]Observations

[Proposal 1.8-2]: 

For various MR sync/re-sync evaluation, the following observations are made with the assumption that 
· LP-WUR duty cycle ratio <=1%
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.


Observations: 
1) [bookmark: OLE_LINK1]For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
· MR sync/re-sync energy consumption <= 4000
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (44%~89%) 
· 4000<MR sync/re-sync energy consumption < 15000
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (39%) 

2) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (<=0.1%, <=0.1%, <=1%)
· MR sync/re-sync energy consumption <= 4000
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (68%~94%) 
· 4000<MR sync/re-sync energy consumption < 15000
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (52%) 



[bookmark: _Toc136522045]Impact by various MR ramp-up time/transition energy assumptions
Memo during the offline discussion
Categorize the results into MR ramp-up time/transition energy option 1 and 2
[bookmark: _Toc136522046]Collection of the results
[Proposal 1.9-1]: 
FAR = 1%, 0.1%<Effective per UE paging arrival rate <=1% , duty cycle ratio<= 1%, MR in ultra-deep sleep, baseline: I-DRX


Figure 9-1. XXX
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[bookmark: _Toc136522047]Observations

[Proposal 1.9-2]: 

For various MR ramp-up time/transition energy evaluation, the following observations are made with the assumption that 
· LP-WUR duty cycle ratio <=1%
· no RRM measurement performed by MR or MR RRM relaxed at least 8 times of I-DRX cycle
· MR in ultra-deep sleep.


Observations: 

1) For (FAR, Effective per UE paging arrival rate, duty cycle ratio) = (1%, (0.1%,1%], <=1%)
· MR ramp-up energy consumption = 15000unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (44%~89%) 
· MR ramp-up energy consumption = 40000unit
· Compared with i-DRX with or without PEI, LP-WUS provide mean power saving gain (-23%~-12%) 



[bookmark: _Toc136522048]RRC CONNECTED mode
[bookmark: _Toc136522049]XR traffic model 
Description of the schemes are as follows,
· Always on: i.e., UE is always available for gNB scheduling  
· R17 PDCCH Scheme i.e., R17 PDCCH skipping and/or R17 SSSG switching
· LP-WUS with MR enters micro/light/deep sleep: i.e., LP-WUS trigger MR to wake up from micro/light/deep sleep.

[bookmark: _Toc136522050]Collection of the results

[Proposal 2.1-1]: 
[bookmark: _Toc136522051]DL only traffic


Note: the assumed WUR ON power is no more than 1 unit by companies except Ericsson. Ericsson assumes WUR ON power as 4 units. 
Note: the results with the setting that number of deployed UE per cell exceeds the upper bound of system capacity are excluded.
Note: high load and low load are reported by companies, or the low load is for the case that Number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note: the values shown in the figure are averaged.



Note: the results with the setting that number of deployed UE per cell exceeds the upper bound of system capacity are excluded.
Note: high load and low load are reported by companies, or the low load is for the case that number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note: the values shown in the figure are averaged.

[Proposal 2.1-2]: 
[bookmark: _Toc136522052]DL + UL traffics

Note: the assumed WUR ON power is no more than 1 unit by companies except Ericsson. Ericsson assumes WUR ON power as 4 units. 
Note: the results with the setting that number of deployed UE exceed the upper bound of system capacity are excluded.
Note: high load and low load are reported by companies, or the low load is for the case that Number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note: the values shown in the figure are averaged.

Note: the results with the setting that number of deployed UE exceed the upper bound of system capacity are excluded.
Note: high load and low load are reported by companies, or the low load is for the case that Number of UE per cell is no more than half of the capacity upper bound and high load is for the others.
Note: the values shown in the figure are averaged.

[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
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Comments to each companies’ results
	
	Result of ZTE
	Result of Xiaomi
	Result Company C

	vivo
	Question1: For the capacity results, LP-WUS scheme can achieve 3.9% capacity gain compared to R17 PDCCH baseline for the case jitter range [-4, 4]ms, whereas LP-WUS scheme will give 0.7% capacity loss compared to R17 PDCCH baseline for the case jitter ragne [-8, +8]ms. Why there are opposite capacity observations?

	Question1: The corresponding capacity results is not provided currently. As per the agreements approved in the RAN1 111 meeting, capacity performance should also be considered together with the power evaluation. Otherwise, even if significant power saving gain can be achieved, the proposed enhancement i.e., LP-WUS still cannot prove to be justified without simultaneously guaranteeing the capacity performance.
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[bookmark: _Toc136522053]Observations
[Proposal 2.1-3]: 
For DL only XR traffic in low load, 
· LP-WUS compared with legacy power saving techniques provides 
· power saving gain (4.5%~25.7%) and the impact of satisfied UE rate (0%~3.3%).
· the legacy power saving techniques evaluated by companies including R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.

For DL only XR traffic in high load, 
· LP-WUS compared with legacy power saving techniques provides 
· power saving gain (0.5%~24%) and the impact of satisfied UE rate (0%~9.9%).
· the legacy power saving techniques evaluated by companies including R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.

For DL + UL XR traffics in low load,  
· LP-WUS compared with legacy power saving techniques provides 
· One company reported power saving gain: 1.7%~5% and the impact of satisfied UE rate (1%~1.4%), assuming UL pose periodicity is 4ms for Dense urban scenario;
· One company reported power saving gain: 10%~19.8% and the impact of satisfied UE rate (0%~4.4%), assuming UL pose periodicity is 16.67ms for Indoor scenario;
· the legacy power saving techniques evaluated by companies including R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.

For DL + UL XR traffics in high load,  
· LP-WUS compared with legacy power saving techniques provides 
· One company reported power saving gain: -0.6%~2.8% and the impact of satisfied UE rate (2%~7%), assuming UL pose periodicity is 4ms for Dense urban scenario;
· One company reported power saving gain: 8.9%~16.6% and the impact of satisfied UE rate (0%~15.9%), assuming UL pose periodicity is 16.67ms for Indoor scenario;
· the legacy power saving techniques evaluated by companies including R17 PDCCH skipping, SSSG switching, R18 enhanced DRX, R15 short CDRX.


[bookmark: _Toc136522054]FTP 3 model
Description of the schemes are as follows,
· Always on: i.e., UE is always available for gNB scheduling  
· R16 Scheme i.e., C-DRX + DCI2_6
· R17 Scheme i.e., C+DRX + DCI2_6 + R17 PDCCH monitoring adaptation
· LP-WUS with MR enters micro/light/deep sleep: i.e., LP-WUS trigger MR to wake up from micro/light/deep sleep.

[bookmark: _Toc136522055]Collection of the results
[Proposal 2.2-1]: 




Note: CATT and Samsung assume that LP-WUS is used to replace DCI 2_6.
Note: the values shown in the figure are averaged.

[Proposal 2.2-2]: 

 
Note: the values shown in the figure are averaged.
[Proposal 2.2-3]: 

Note: the figures show the average values.


[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
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	Result Company B
	Result Company C

	vivo
	Question1: The corresponding UPT results are not provided currently. As per the agreements approved in the RAN1 111 meeting, UPT performance metric should also be considered except for power. As such, we can give a comprehensive observation for the proposed LP-WUS scheme.
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[bookmark: _Toc136522056]Observations
[Proposal 2.2-4]: 
When WUR ON power setting is NO more than 1 unit, 
· LP-WUS compared with CDRX or CDRX+DCI2_6 provide 
· power saving gain (28.48%~75.4%) and UPT gain (-26.1%~41.5%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
· power saving gain (22.47%~31.79%) and UPT gain (36%~144.7%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
· power saving gain(-21.13%~ 9.93%) and UPT gain (0%~175.8%) when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
· LP-WUS compared with R17 PDCCH + CDRX+ DCI 2_6 provide 
· power saving gain (39.09%~61.73%) and UPT gain (1.2%~222.5%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
· power saving gain (-38%~-11.04%) and UPT gain (85.6%~457.8%) when MR is allowed to enter in light-sleep state during LP-WUS monitoring
· power saving gain -147.17% and UPT gain 653.5% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
· LP-WUS compared with ‘always on’ provide 
· One company reported power saving gain 43.48% and the same UPT when MR is allowed to enter in micro-sleep state during LP-WUS monitoring

When WUR ON power setting is equal to 4 units, 
· LP-WUS compared with CDRX provide 
· One company reported power saving gain -47% and UPT gain 28% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
· LP-WUS compared with ‘always on’ provide 
· One company reported power saving gain 18% and the same UPT when MR is allowed to enter in micro-sleep state during LP-WUS monitoring

When WUR ON power setting is no less than 10 unit, 
· LP-WUS compared with CDRX+DCI2_6 provide 
· One company reported power saving gain 14% and UPT gain 18% when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
· One company reported power saving gain -23%~11% and UPT gain 104.1% when MR is allowed to enter in light-sleep state during LP-WUS monitoring
· One company reported power saving gain -77%~-43% and UPT gain 175.8% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
· LP-WUS compared with R17 PDCCH + CDRX+ DCI 2_6 provide 
· power saving gain (-81%~33%) and UPT gain (1.2%~222.5%) when MR is allowed to enter in deep-sleep state during LP-WUS monitoring
· power saving gain-157%~-40% and UPT gain 85.6%~457.8% when MR is allowed to enter in light-sleep state during LP-WUS monitoring
· power saving gain -271%~-200% and UPT gain 653.5% when MR is allowed to enter in micro-sleep state during LP-WUS monitoring
· LP-WUS compared with ‘always on’ provide 
· One company reported power saving gain 17%~33% and the same UPT when MR is allowed to enter in micro-sleep state during LP-WUS monitoring


[bookmark: _Toc136522057]Consolidation of coverage evaluation
[bookmark: _Toc136522058]Collection of the results
 [Proposal 3.1-1]
[bookmark: _Toc136522059]NR Coverage for comparison
Urban, Normal UE
	Company
	=AL16, 4Rx
	=AL16, 2Rx
	=AL8, 4Rx
	=AL8, 2Rx
	=AL16, 1RX
	=AL8, 1RX
	=PUSCH Msg3
	=PUSCH 

	CATT
	158.8
	　
	　
	　
	　
	　
	147.83
	　

	Ericsson
	161.76
	159.06
	158.56
	157.1188235
	　
	　
	153.87
	　

	Huawei
	　
	　
	　
	　
	　
	　
	149.61
	　

	MTK
	　
	　
	　
	　
	　
	　
	　
	　

	Nokia
	166.27
	162.86
	164.28
	160.74
	　
	　
	147.2
	137.62

	OPPO
	163.54
	　
	　
	　
	　
	　
	　
	135.88

	Samsung
	174.07
	　
	　
	　
	　
	　
	　
	139.97

	vivo
	158
	154.94
	　
	152.33
	　
	　
	141.85
	138.28

	Xiaomi
	　
	162.6504009
	　
	159.8404009
	　
	　
	149.7829104
	133.7019979

	InterDigital
	　
	　
	　
	　
	135.62
	　
	139.98
	　

	average
	164.1687179
	158.6841186
	158.8777778
	156.4911557
	135.62
	　
	148.9656678
	137.8980867



Urban, Redcap UE
	Company
	=AL16, 4Rx
	=AL16, 2Rx
	=AL8, 4Rx
	=AL8, 2Rx
	=AL16, 1RX
	=AL8, 1RX
	=PUSCH Msg3
	=PUSCH 

	CATT
	　
	　
	　
	　
	144.6
	142.9
	147.83
	　

	Ericsson
	　
	　
	　
	　
	155.56
	152.86
	153.87
	　

	intel
	　
	　
	　
	　
	　
	154.01
	　
	　

	MTK
	　
	　
	　
	　
	　
	　
	　
	　

	Nokia
	　
	159.86
	　
	157.74
	156.61
	153.17
	144.2
	134.62

	Qualcomm
	　
	　
	　
	　
	152.96
	　
	　
	　

	vivo
	　
	　
	　
	　
	148.72
	146.02
	138.85
	134.96

	Xiaomi
	　
	　
	　
	　
	156.4004009
	153.1104009
	146.7829104
	130.7019979

	average
	　
	159.86
	　
	157.74
	153.4764904
	151.3457486
	149.2792666
	133.6485994



Rural, Normal UE

	Company
	=AL16, 4Rx
	=AL16, 2Rx
	=AL8, 4Rx
	=AL8, 2Rx
	=AL16, 1RX
	=AL8, 1RX
	=PUSCH Msg3
	=PUSCH 

	Nokia
	　
	154.73
	　
	152.75
	　
	　
	140.2
	138.97

	vivo
	　
	154.99
	　
	152.32
	　
	　
	143.6
	143.97

	Xiaomi
	　
	157.36
	　
	154.24
	　
	　
	140.7613979
	134.781098

	InterDigital
	　
	　
	　
	　
	139.39
	　
	138.89
	　

	average
	　
	155.675
	　
	152.939
	139.39
	　
	140.8446774
	140.7133294




Rural, Redcap UE
	Company
	=AL16, 4Rx
	=AL16, 2Rx
	=AL8, 4Rx
	=AL8, 2Rx
	=AL16, 1RX
	=AL8, 1RX
	=PUSCH Msg3
	=PUSCH 

	MTK
	　
	　
	　
	　
	　
	　
	　
	　

	Nokia
	　
	151.73
	　
	149.75
	149.45
	145.48
	136.09
	135.97

	Qualcomm
	　
	　
	　
	　
	153.72
	　
	　
	　

	vivo
	　
	　
	　
	　
	149.31
	146.61
	140.6
	140.97

	Xiaomi
	　
	　
	　
	　
	150.5900882
	146.8000882
	137.7613979
	131.781098

	average
	　
	151.73
	　
	149.75
	150.3766887
	146.5540265
	139.2974194
	137.7133294



[Proposal 3.1-2]:
[bookmark: _Toc136522060]OOK, Urban, MR is normal UE, PDCCH
Gap with PDCCH AL16, 4RX, Urban, MR is normal UE


[image: ]


Gap with PDCCH AL8, 2RX, Urban, MR is normal UE
[image: ]



[Ob][Proposal 3.1-3]: 
[bookmark: _Toc136522061]OOK, Urban, MR is Redcap UE, PDCCH
Gap with PDCCH AL16, 1RX

[image: ]

Observation:
Based on the results, OOK based LP-WUS is feasible to achieve comparable coverage as PDCCH AL16, 1RX when the resource occupation for each LP-WUS transmission is at least 
· [60-120] MHz*Symbol/bit (i.e., [14-28] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by three companies
· [600] MHz*Symbol/bit (i.e., [140] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one company

Gap with PDCCH AL8, 1RX
[image: ]

Observation:
Based on the results, OOK based LP-WUS is feasible to achieve comparable coverage as PDCCH AL8, 1RX when the resource occupation for each LP-WUS transmission is at least 
· [60] MHz*Symbol/bit (i.e., [14] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by two companies
· [600] MHz*Symbol/bit (i.e., [140] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one company

[Ob][Proposal 3.1-4]: 
[bookmark: _Toc136522062]OOK, Urban, Msg.3
Gap with PDCCHMsg.3
[image: ]
 
Observation:
Based on the results, OOK based LP-WUS is feasible to achieve comparable coverage as PUSCH for Msg.3 when the resource occupation for each LP-WUS transmission is at least 
· [10 ~ 60] MHz*Symbol/bit (i.e., approximate [2-14] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by two companies
· [600] MHz*Symbol/bit (i.e., [140] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one company.


[Proposal 3.1-5]: 
[bookmark: _Toc136522063]FSK, Urban, Normal UE, PDCCH
Gap with PDCCH AL16, 4RX

[image: ]

Gap with PDCCH AL8, 2RX
[image: ]

[Proposal 3.1-6]: 
[bookmark: _Toc136522064]FSK, Urban, Redcap UE, PDCCH
Gap with PDCCH AL16, 1RX
[image: ]

Gap with PDCCH AL8, 1RX
[image: ]



[Proposal 3.1-7]: 
[bookmark: _Toc136522065]FSK, Urban, Msg.3
Gap with Msg.3

[image: ]

[Proposal 3.1-8]: 
[bookmark: _Toc136522066]OFDM, Urban, Normal UE
Gap with PDCCH AL16, 4RX
[image: ]

Gap with PDCCH AL8, 2RX
[image: ]

[Ob][Proposal 3.1-9]: 
[bookmark: _Toc136522067]OFDM, Urban, Redcap UE
Gap with PDCCH AL16, 1RX
[image: ]
Observation:
Based on the results, OFDM based LP-WUS is feasible to achieve comparable coverage as PDCCH AL16, 1RX when the resource occupation for each LP-WUS transmission is at least 
· [17] MHz*Symbol/bit (i.e., [4] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one companies

Gap with PDCCH AL8, 1RX
[image: ]
Observation:
Based on the results, OFDM based LP-WUS is feasible to achieve comparable coverage as PDCCH AL8, 1RX when the resource occupation for each LP-WUS transmission is at least 
· [17] MHz*Symbol/bit (i.e., [4] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one company

[Ob][Proposal 3.1-10]: 
[bookmark: _Toc136522068]OFDM, Urban, Msg.3
Gap with PDCCHMsg.3
[image: ]
Observation:
Based on the results, OFDM based LP-WUS is feasible to achieve comparable coverage as PUSCH for Msg.3 when the resource occupation for each LP-WUS transmission is at least 
· [17] MHz*Symbol/bit (i.e., [4] symbols per 1-bit for 4.32MHz LP-WUS BW), reported by one company
· [0.7] MHz*Symbol/bit (i.e., [1] symbols per 1-bit for 2.16MHz LP-WUS BW), reported by one company



Moderator: Companies please provide your comments to the evaluation results.
[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
	
	Comment

	Company X
	

	Company Y
	

	Company Z
	



Comments to each companies’ results
	
	Result Huawei
	Result Ericsson
	Result OPPO
	Result Company A

	Company X
	Question1: XXXXX
Answer1: XXXXX…
Question2: …
Answer2: …
	
	
	

	vivo
	Question 1: For comparison between FSK-1 and FSK-2, according to R1-2302341 in 9.11.1, FSK-2 outperforms FSK-1, due to power boosting in FSK-2. We agree that FSK-2 have advantages in power boosting, but FSK-1 also have advantages in frequency diversity. the performance difference may not so obvious, we understood the two BLER curves would cross each other would be observed between FSK-1 and FSK-2.


[image: ]
Question 2: for the performance of Sequence detection of LP-WUS, the performance loss due to 10ppm frequency error is only about 1dB. Since the 10ppm*2.6GHz is 26kHz which is close to subcarrier spacing. we observe more performance loss due to frequency error. So could you please tell more about how the receiver overcome the 10PPM frequency error in you receiver?
	Question 1: For WUS2 (1bit in 4sym), we would like to know frequency error assumed, e.g., 10ppm? We observe more performance loss if more than 5ppm frequency error is assumed. So could you please tell more about how the receiver overcome the 10PPM frequency error in you receiver?
	Question 1:For the MIL of LP-WUS, we find the performance is even a little bit worse than PUSCH. In our understanding, the performance loss may results from 1bit ADC bitwidth. Besides, could you pls provide more information on simulation assumptions, e.g., filter assumption at receiver, sampling rate?


OPPO: @ vivo
Here are some additional simulation assumptions, the performance loss may results from the different simulation assumptions. It is preliminary simulation result, and we think LP-WUS can at least have  a similar coverage as PUSCH.
	ADC 
	1-bit

	Sampling rate
	3.84MHz

	Filter
	3th Order Butterworth LP filter with 4.32MHz bandwidth





	

	Company Y
	
	
	
	

	Company Z
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc136522069]Others
…

[bookmark: _Toc136522070]Resource overhead
[bookmark: _Toc136522071]Collection of the results
Please see Annex: System Overhead for companies’ proposals.

Moderator: Companies please provide your comments to the evaluation results.
[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
	
	Comment

	Company X
	

	Company Y
	

	Company Z
	



Comments to each companies’ results
	
	Result Company A
	Result Company B
	Result Company C

	Company X
	Question1: XXXXX
Answer1: XXXXX…
Question2: …
Answer2: …
	
	

	
	
	
	

	Company X
	
	
	

	Company Y
	
	
	

	Company Z
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc136522072]Observations
[bookmark: _Toc136522073]RRC IDLE/INACTIVE
[bookmark: _Hlk135682559][Proposal 4.1] Overhead for IDLE/INACTIVE

---------start of Text Proposal for TR38.869 for System overhead RRC IDLE/INACTIVE----------------

8.X.X.X System overhead
…
The System overhead of LP-WUS for RRC IDLE/INACTIVE is summarized in Table XX.XX
Table XX.XX- Summary of System overhead for LP-WUS
	Source
	Tdoc num
	Signal
	# of info bits
	Overhead (%)
	T-F resources
	Inter-arrival time
	System configuration, e.g., BW and etc.
	Notes

	Ericsson
	　
	1-bit OOK WUS
	1
	0.45
	10 slot, 5MHz perUE per beam
	20 Idle mode UEs and paging inter-arrival of 60s seconds
	20 MHz (51 PRBs with 30 kHz SCS) and a TDD pattern with 4:1 ratio for DL:UL

8 beams
	Matching with the paging PDCCH link budget (2-OFDM symbol with AL16, 1 Rx UE)

	
	
	48-bit OOK WUS
	48
	10.04
	222 slot, 5MHz perUE per beam
	
	
	

	
	
	1-bit SSS-based WUS
	1
	0.01
	6 symbol, 3.81MHz perUE per beam
	
	
	

	
	
	PDCCH AL16, 2 OFDM symbols
	-
	0.0028
	2 OFDM symbols, AL16
	
	
	

	
	
	1-bit OOK WUS
	1
	0.36
	8 slot, 5MHz perUE per beam
	
	
	Matching with the Msg3 PUSCH link budget with 2 retransmissions

	
	
	48-bit OOK WUS
	48
	8.14
	180 slot, 5MHz perUE per beam
	
	
	

	
	
	1-bit SSS-based WUS
	1
	0.01
	5 symbol, 3.81MHz perUE per beam
	
	
	

	
	
	PDCCH AL16, 2 OFDM symbols
	-
	0.0028
	2 OFDM symbols, AL16
	
	
	

	　Huawei
	　
	LP-SS
	-
	0.04
	· The length of each LP-SS is 1ms, and each LP-SS is transmitted 8 times for beam sweeping.
· BW of a LP-SS is 1.5MHz
	The periodicity of LP-SS is 320ms.
	the BW of NR carrier is 100MHz

 8 beams
　
	Lower bound, empty load case can be considered, where only LP-SS is transmitted

	
	
	LP-SS + LP-WUS, 48-bit
	48
	2.61
	For LP-WUS,
· 2 bits are carried in one OFDM symbol, and a LP-WUS carries 48-bit information. Each LP-WUS is transmitted 8 times for beam sweeping.
· The BW of a LP-WUS is 1.5MHz, and two channels of LP-WUS in different frequency resources are configured. Therefore, the total BW for LP-WUS transmission is 3MHz.

	250 LP-WUSs for IDLE/INACTIVE UE paging are transmitted per second, which is already heavy load based on our observation of real network
	
	Upper bound, heavy load case can be considered,

	Vivo
	
	LP-SS
	-
	0.063
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 320ms.
	100MHz, 8beam
	

	
	
	LP-SS
	-
	0.0158
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 1280ms.
	100MHz, 8beam
	

	
	
	LP-SS
	-
	0.002
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 10240ms.
	100MHz, 8beam
	

	
	
	LP-SS
	-
	0.315
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 320ms.
	20MHz, 8beam
	

	
	
	LP-SS
	-
	0.079
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 1280ms.
	20MHz, 8beam
	

	
	
	LP-SS
	-
	0.01
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 10240ms.
	20MHz, 8beam
	

	
	
	LP-WUS, 1-bit
	1
	0.2
	1 slot, 5MHz (30kHz SCS)

	10 pages per cell per second, per UE WUS
	100MHz, 8beam

	For IoT, cases,
Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors.

LP-WUS 4 symbols to match msg.3 coverage.

LP-WUS 1 slot to match PDCCH AL8 2Rx coverage.


	
	
	LP-WUS, 1-bit
	1
	0.05
	
	10 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	0.06
	4 symbols, 5MHz (30kHz SCS)

	10 pages per cell per second, per UE WUS
	
	

	
	
	LP-WUS, 1-bit
	1
	0.01
	
	10 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	1.01
	1 slot, 5MHz (30kHz SCS)
	10 pages per cell per second, per UE WUS
	20MHz, 8beam
	

	
	
	LP-WUS, 1-bit
	1
	0.25
	
	10 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	0.29
	4 symbols, 5MHz (30kHz SCS)
	10 pages per cell per second, per UE WUS
	
	

	
	
	LP-WUS, 1-bit
	1
	0.07
	
	10 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	0.2
	1 slot, 5MHz (30kHz SCS)

	39 pages per cell per second, per UE WUS
	100MHz, 8beam

	For eMBB cases,
Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s

LP-WUS 4 symbols to match msg.3 coverage.

LP-WUS 1 slot to match PDCCH AL8 2Rx coverage.

	
	
	LP-WUS, 1-bit
	1
	0.05
	
	39 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	0.06
	4 symbols, 5MHz (30kHz SCS)

	39 pages per cell per second, per UE WUS
	
	

	
	
	LP-WUS, 1-bit
	1
	0.01
	
	39 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	1.01
	1 slot, 5MHz (30kHz SCS)
	39 pages per cell per second, per UE WUS
	20MHz, 8beam
	

	
	
	LP-WUS, 1-bit
	1
	0.25
	
	39 pages per cell per second, per group WUS(N=4)
	
	

	
	
	LP-WUS, 1-bit
	1
	0.29
	4 symbols, 5MHz (30kHz SCS)
	39 pages per cell per second, per UE WUS
	
	

	
	
	LP-WUS, 1-bit
	1
	0.07
	
	39 pages per cell per second, per group WUS(N=4)
	
	

	ZTE 
	xxx
	LP-SS
	
	0.125%,
0.625%,
	7 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.25%,
1.25%
	7 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.125%,
0.625%
	7 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.125%,
0.625%
	7 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.03125%,
0.15625%
	7 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
8beam
	

	
	
	LP-WUS
	
	More than 98% cases has <5% system overhead
	SCS=15KHz/30kHz
1 / 7 / 14 symbols
	See annex
	100M, 20M, 1/4/8 beam
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	




The System overhead of LP-SS is summarized in Table XX.XX
Table XX.XX- Summary of System overhead for LP-SS

	Source
	Tdoc num
	Signal
	# of info bits
	Overhead (%)
	T-F resources
	Inter-arrival time
	System configuration, e.g., BW and etc.
	Notes 

	Huawei
	
	LP-SS
	-
	0.04%
	· The length of each LP-SS is 1ms, and each LP-SS is transmitted 8 times for beam sweeping.
BW of a LP-SS is 1.5MHz
	The periodicity of LP-SS is 320ms.
	the BW of NR carrier is 100MHz

 8 beams
　
	?

	Vivo
	
	LP-SS
	-
	0.063%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 320ms.
	100MHz, 8beam
	PDCCH AL8, 2Rx

	
	
	LP-SS
	-
	0.0158%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 1280ms.
	100MHz, 8beam
	

	
	
	LP-SS
	-
	0.002%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 10240ms.
	100MHz, 8beam
	

	
	
	LP-SS
	-
	0.315%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 320ms.
	20MHz, 8beam
	

	
	
	LP-SS
	-
	0.079%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 1280ms.
	20MHz, 8beam
	

	
	
	LP-SS
	-
	0.01%
	1 slot, 5MHz (30kHz SCS)
	The periodicity of LP-SS is 10240ms.
	20MHz, 8beam
	

	ZTE
	
	LP-SS
	
	0.125%,
0.625%,
	7 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
4beam
	?

	
	
	LP-SS
	
	0.25%,
1.25%
	7 symbols, 5MHz, SCS=15KHz
	160ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.125%,
0.625%
	7 symbols, 5MHz, SCS=15KHz
	320ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.125%,
0.625%
	7 symbols, 5MHz, SCS=30KHz
	160ms
	100M, 20M, 
8beam
	

	
	
	LP-SS
	
	0.03125%,
0.15625%
	7 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
4beam
	

	
	
	LP-SS
	
	0.0625%,
0.3125%
	7 symbols, 5MHz, SCS=30KHz
	320ms
	100M, 20M, 
8beam
	




Observation:
For RRC IDLE/INACTIVE,
· For LP-WUS carrying 1-bit information, depending on the time-frequency occupation, inter-arrival time, system BW, the system overhead varies,
· For 100MHz system BW configuration with 8 beams, the reported system overhead is no more than [0.2%] based on varies configurations as described in the Table XX.XX
· For 20MHz system BW configuration with 8 beams, the reported system overhead is no more than [1.01%] based on varies configurations as described in the Table XX.XX
· For LP-WUS carrying multiple bits information, depending on the time-frequency occupation, inter-arrival time, system BW, the system overhead varies,
· For 100MHz system BW configuration with 8 beams, one company reports no more than [2.61%] system overhead for 48-bits LP-WUS 
· For 20MHz system BW configuration with 8 beams, one company reports no more than [8.14 - 10.04%] system overhead for 48-bits LP-WUS
· For 100MHz system BW configuration with 8 beams, one company reports no more than [xxx- xxxx%] system overhead for 12-bits LP-WUS


· [bookmark: _Hlk135682471]For LP-SS with 320ms * X periodicity, 1 slot (30kHz) *Y and 3 - 5MHz * Z time-frequency occupation, with 8 beams*W and 20MHz*T system bandwidth, the system overhead is no more than 0.4% * Y * Z * W / X / T. 
· Reference setting for further study on LP-SS performance (including sync and/or measurement), 
· Set 1: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 320ms periodicity, 
· Set 2: approximately 5MHz LP-SS BW, 1 slot (30KHz) duration, 160ms periodicity,
· Note: the overhead for the above reference sets are derived based on the above formula.

…

Annex XXX: System overhead
<Editor Notes: capture all results in section 9 Annex: System Overhead in this summary into the Annex section of the TR>

--------End of Text Proposal ------------------




[bookmark: _Toc136522074]RRC CONNECTED
[Proposal 4.2] Overhead for CONNECTED
---------start of Text Proposal for TR38.869 for System overhead RRC IDLE/INACTIVE----------------
8.X.X.X System overhead
…
The System overhead of LP-WUS/LP-SS for RRC IDLE/INACTIVE is summarized in Table XX.XX
Table XX.XX- Summary of System overhead for LP-WUS
	Source
	Tdoc num
	Signal
	Overhead (%)
	T-F resources
	Inter-arrival time
	System configuration, e.g., BW and etc.
	Notes

	vivo
	
	LP-WUS
	1.5%
	5MHz * 14 OFDM symbol (30kHz), 1-bit 
	XR Traffic， 16.67ms (60FPS),  10UEs
	100MHz, 30KHz SCS
	Comparable to unicast  PDCCH AL2-4Rx

	
	
	LP-WUS
	0.125%
	
	200ms for eMBB FTP traffic, 10 UEs
	
	

	
	
	LP-WUS
	6.0%
	5MHz * 56 OFDM symbol (30kHz), 12-bit 
	XR Traffic， 16.67ms (60FPS),  10UEs
	
	

	
	
	LP-WUS
	0.5%
	
	200ms for eMBB FTP traffic, 10 UEs
	
	



Observation:
:
For RRC CONNECTED,
· One company reports 
· LP-WUS with 1-bit information based on OOK is 1.5% and 0.125% for 100MHz system BW for XR (16.67ms, 60FPS) and FTP (200ms inter-arrival) traffic respectively and comparable coverage to PDCCH AL2-4Rx .
· LP-WUS with 12-bit information based on OOK is 6% and 0.5% for 100MHz system BW for XR (16.67ms, 60FPS) and FTP (200ms inter-arrival) traffic respectively and comparable coverage to PDCCH AL2-4Rx .



[bookmark: _Toc136522075]Network power consumption
[bookmark: _Toc136522076]Collection of the results
Please see Annex: Network power consumption for companies’ proposals.

[Q]: Comments
General comments to add or remove any sub-section/figures, and how to filter or categorize the results
	
	Comment

	Company X
	

	Company Y
	

	Company Z
	



Comments to each companies’ results
	
	Result Company A
	Result Company B
	Result Company C

	Company X
	Question1: XXXXX
Answer1: XXXXX…
Question2: …
Answer2: …
	
	

	
	
	
	

	Company X
	
	
	

	Company Y
	
	
	

	Company Z
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc136522077]Observations

[Proposal 5.1] Network energy
---------start of Text Proposal for TR38.869 for Network energy ----------------
Section 8.X.X.X Impact of LP-WUS/LP-SS to network energy consumption
Observation:
Impact of LP-WUS/LP-SS to network energy consumption is marginal.
…

Annex XXX: Impact to network energy consumption
<Editor Notes: capture all results in section 10 Annex: Network power consumption in this summary into the Annex section of the TR>
…

---------End of Text Proposal for TR38.869 for Network energy ----------------


[bookmark: _Toc136522078]Link level simulation results
Moderator: to be handled in AI9.11.3
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[bookmark: _Toc136522085]Ericsson[R1-xxxxxxx]
Overhead of LP-WUS/WUR operation depends on resources needed for WUS transmission including any guard bands and resources for WUR synchronization signal. The total overhead then depends on the traffic and typically increases with the number of WUS transmissions needed (e.g., corresponding to the paging rate). It also depends on WUS missed detection rate as more WUS resources will be used to eventually wake up the UE.  
As per agreement, the overhead of a single LP-WUS transmission can be expressed by 

where  includes guard band and others resource used for LP-WUR synchronization if any. 
The overhead will be different for different WUS designs, e.g., how much resources in time and frequency domain are needed for WUS, how much guard bands are used, and whether there is an additional WUR synchronization signal and if so, how much resources it needs. 
Below, we evaluate the overhead assuming traffic with different inter-arrival time of 100ms, 1s, and 60s. We consider different examples of resources used for LP-WUS required to match the paging PDCCH link budget (2-OFDM symbol with AL16) and Msg 3 PUSCH with two retransmissions, assuming 6 dB and 3 dB worse noise figures for the OOK-based and SSS-based WUS receivers, respectively when compared to that of the OFDM-based receiver with 1 Rx antenna for PDCCH. 
· WUS resources per UE per beam: 
· Time-domain: 
· Match with paging PDCCH link budget: 10 slots (1-bit OOK WUS), 48 slots (8-bit OOK WUS), 222 slots (48-bit OOK WUS), 6 symbols (SSS-based WUS)
· Match with Msg3 PUSCH link budget with 2 retransmissions: 8 slots (1-bit OOK WUS), 45 slots (8-bit OOK WUS), 180 slots (48-bit OOK WUS), 5 symbols (SSS-based WUS)
· Frequency-domain (incl. guard bands): 5 MHz (OOK WUS), 3.81 MHz (SSS-based WUS)
The total available resources are calculated assuming carrier bandwidth of 20 MHz (51 PRBs with 30 kHz SCS) and a TDD pattern with 4:1 ratio for DL:UL. In Tables below the overhead results are shown assuming no WUR synchronization resources where the overhead from 2-OFDM symbol PDCCH with AL16 is included as a baseline. 8 beams are assumed per WUS transmission.
Table 4.3-1 Resource overhead of different LP-WUS candidates, matching with the paging PDCCH link budget (2-OFDM symbol with AL16, 1 Rx UE).
	Signal
	Overhead (%)

	
	100 ms interarrival time
	1 s interarrival time
	60 s interarrival time

	
	Per UE
	For 10 UEs
	For 20 UEs
	Per UE
	For 10 UEs
	For 20 UEs
	Per UE
	For 10 UEs
	For 20 UEs

	1-bit OOK WUS
	13.56
	>100
	>100
	1.36
	13.56
	27.12
	0.02
	0.23
	0.45

	48-bit OOK WUS
	>100
	>100
	>100
	30.11
	>100
	>100
	0.50
	5.02
	10.04

	1-bit SSS-based WUS
	0.44
	4.44
	8.89
	0.04
	0.45
	0.89
	7.41e-4
	7.41e-3
	0.01

	PDCCH AL16, 2 OFDM symbols
	0.08
	0.84
	1.68
	0.01
	0.08
	0.17
	1.40e-4
	1.40e-3
	2.80e-3



Table 4.3-2 Resource overhead of different LP-WUS candidates, matching with the Msg3 PUSCH link budget with 2 retransmissions.
	Signal
	Overhead (%)

	
	100 ms interarrival time
	1 s interarrival time
	60 s interarrival time

	
	Per UE
	For 10 UEs
	For 20 UEs
	Per UE
	For 10 UEs
	For 20 UEs
	Per UE
	For 10 UEs
	For 20 UEs

	1-bit OOK WUS
	10.85
	>100
	>100
	1.09
	10.85
	21.70
	0.02
	0.18
	0.36

	48-bit OOK WUS
	>100
	>100
	>100
	24.41
	>100
	>100
	0.41
	4.07
	8.14

	1-bit SSS-based WUS
	0.37
	3.71
	7.41
	0.04
	0.37
	0.74
	6.18e-4
	6.18e-3
	0.01

	PDCCH AL16, 2 OFDM symbols
	0.08
	0.84
	1.68
	0.01
	0.08
	0.17
	1.40e-4
	1.40e-3
	2.80e-3



When assuming additional WUR synchronization signal resources, the total overhead will be increased. How much it increases depends on the amount of resources needed which itself depends on the periodicity and stricture of WUR synchronization resources.

Overhead of LP-WUS/WUR operation depends on the amount of resources used for WUS including any guard bands and WUR synchronization resources (LP-SS). 
For 20 Idle mode UEs and paging inter-arrival of 60s seconds, to match paging PDCCH performance (AL16, 2-OS, 1Rx), following overhead values for different WUS candidates (not including any sync resource overhead) are observed from the evaluations:
a. Paging PDCCH (baseline): <0.01%
b. 1-bit OOK WUS: 0.45% 
c. 48-bit OOK WUS:10.04%
d. 1-bit SSS-based WUS: 0.01% 

[bookmark: _Toc136522086]ZTE[R1-xxxxxxx]
[bookmark: _Toc136522087]6.1 General aspects
According to the discussion, the system overhead can be expressed as percentage of the used resources for LP-WUS.
	Performance Metric
	Note

	System overhead
	expressed as percentage of used part of all REs for LP-WUS (including guard band or time or others resource used for LP-WUR if any) among all resources
Other assumptions related to the system overhead analysis can be reported, e.g., the LP-WUR raw data rate evaluated in the coverage evaluations.



In frequency domain, the bandwidth for LP-WUS includes the guardband bandwidth and signal bandwidth, which can be donated as NLP-WUS RBs. In time domain, the occupied symbols include the symbols for LP-WUS and guard time if any, where the total occupied symbols can be donated as SLP-WUS. Then one transmission of LP-WUS occupies NLP-WUS*SLP-WUS*12 REs in total.
Then the largest system overhead percentage (only in frequency domain) could be calculated as 
PMax=NLP-WUS*12/Nband
where the Nband means the total RBs for a band.

If we consider to extend the above formula in the time domain, then M times transmission of LP-WUS in duration T occupies the total RE resources M*NLP-WUS*SLP-WUS*12. And the percentage can be calculated as 
P=M*NLP-WUS*SLP-WUS*12/(Nband*T*12)
Satisfying M*SLP-WUS<=T

In a time duration of T, assuming that M times LP-WUS transmission carries X*M bits information, then the data rate is 
R1=X*M/T (bit/symbol)
The peak data rate can be 
RMax=X/SLP-WUS (bit/symbol)
Satisfying M*SLP-WUS<=T
The value of M can be related to the paging rate, UE number PF, or PO. Of course, if additional LP-WUS is transmitted, e.g., for sync/measurement, the system overhead also needs to be counted. And the following formula also can be considered. Based on above, we calculate the system overhead percentage P based on the following formula


If each LP-WUS transmission has the same resource occupation, it can be written as 
P=M*NLP-WUS*SLP-WUS/(Nband*T)
Where 
· Nband means the total RBs for a band or carrier in a cell
· NLP-WUS, i means the number of RBs for ith LP-WUS transmission including the guardband bandwidth and signal bandwidth
· SLP-WUS,i means the number of symbols for ith LP-WUS transmission including guard time if any
· Assuming that LP-WUS is transmitted M times in duration T, FFS how to determine M
Additionally, the system overhead increasement may also be brought by the false wake-up. If the UE is falsely waked up and initiates the RACH procedure without PO monitoring, the resource occupation during the RACH procedure and RRC connection setup would cause additional system overhead. It can be seen that higher false alarm rate would bring more serious system overhead wasting.
Proposal 15: Discuss the LP-WUS transmission assumption in idle/inactive mode for evaluation and capture how to calculate the system overhead in the TR.
[bookmark: _Toc136522088]6.2 Evaluation assumptions
In RAN1 meetings, the following agreements are achieved, which helps for evaluating the system overhead and BS power consumption.
	Agreement
The period of synchronization signal that LP-WUR used for at least power evaluation can be
· Existing SSB periodicity can be used from gNB transmission perspective for evaluations assuming SSB, companies to report how often used for LP-WUR
· For evaluations assuming LP-SS
· {320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms}
· Companies to report other important assumptions if any, e.g., durations of LP-SS to achieve enough T/F accuracy
· Other values are not precluded



	Agreement
Update the IDLE/INACTIVE state traffic model option 1 as follows and remove traffic model option 2,
· The traffic arrival is modeled as a Poisson Arrival Process where inter-arrival times are exponentially distributed, the mean arrival time is P = YREF / RE, REF, where
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
· Per group paging probability RG = 1 – (1 – RE)N, where N is the number of UEs in the group
· FFS: Value of N



According to TR37.910, two different ISD, i.e., 500ms or 1732m, can be assumed for evaluation with the connection target 100000/km2.
	Table 7.1.1-1 Evaluation results of connection density for NR FDD
(Full buffer system level simulation followed by link level simulation 
packet arrival rate: 1 packet / 2 hour / device)
(a) Evaluation configuration A (ISD=500 m)
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	1x2 SIMO OFDMA 
	15 kHz
	1,000,000
	4
	36,323,844
	180
	4
	36,007,832
	180



(b) Evaluation configuration B (ISD=1 732 m)
	Scheme and antenna configuration
	Sub-carrier spacing
	ITU
Requirement (device/km2)
	Channel  model A
	Channel model B

	
	
	
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)
	Number of samples
	Connection density (device/km2)
	Required bandwidth (kHz)

	1x2 SIMO  OFDMA 
	15 kHz
	1,000,000
	4
	1,267,406
	180
	4
	1,503,394
	180






Moreover, we have defined the paging rate which is corresponding to the packet arrival rate. Based on that, we have the following assumptions for system overhead evaluation.
Table 5. Assumptions for system overhead evaluation
	Connections
	1,000,000 (device/km2)

	System bandwidth
	100M

	ISD with 3 sectors
	500m, 1732m

	SCS
	15KHz, 30KHz

	LP-SS assumption
	Periodicity{160ms, 320ms}
· Time domain resources:7 symbols 
· Frequency bandwidth: 5MHz

	LP-WUS assumption
	· Time domain resources:N2 symbols:1, 7, 14
· Frequency bandwidth 5MHz

	Assumption for UE specific wake-up
	· Number of beams:1,4,8
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28

	Assumption for group specific wake-up
	· Number of beams:1,4,8
· Number of UEs in a group: 4, 8

	Note: If always-on monitoring is assumed, the LP-SS may not be needed



Proposal 16: Consider the above assumptions in the Table 5 for system overhead evaluation.

[bookmark: _Toc136522089]6.3 Initial results
For LP-SS, the resource occupation for different periodicity is calculated based on the following formula


For 15/30KHz SCS case, one slot occupies 1/0.5 ms. The resource occupation rate in duration T is 
Table 6. System overhead for LP-SS
	SCS
	Periodicity
	Number of beams
	Bandwidth
	P in T=periodicity

	SCS=15KHz
	Periodicity=160ms
	4
	100M, 20M
	0.125%,
0.625%,

	SCS=15KHz
	Periodicity=160ms
	8
	100M, 20M
	0.25%,
1.25%

	SCS=15KHz
	Periodicity=320ms
	4
	100M, 20M
	0.0625%,
0.3125%

	SCS=15KHz
	Periodicity=320ms
	8
	100M, 20M
	0.125%,
0.625%

	SCS=30KHz
	Periodicity=160ms
	4
	100M, 20M
	0.0625%,
0.3125%

	SCS=30KHz
	Periodicity=160ms
	8
	100M, 20M
	0.125%,
0.625%

	SCS=30KHz
	Periodicity=320ms
	4
	100M, 20M
	0.03125%,
0.15625%

	SCS=30KHz
	Periodicity=320ms
	8
	100M, 20M
	0.0625%,0.3125%



Based on the Table 6, it can be observed:
Observation 22: For the LP-SS periodicity 160ms, the system overhead is up to 1.25% in a time duration 160ms.
Observation 23: For the LP-SS periodicity 320ms, the system overhead is up to 0.625% in a time duration 320ms.
For LP-WUS, determining number of transmitted LP-WUS could be the key to calculate the system overhead. The following table summarizes the maximum number of transmitted LP-WUS for different cases, which satisfies that the system overhead does not exceed 5% in a time duration T=1.28s.
Table 7. Number of transmitted LP-WUS to satisfy system overhead <=5%
	System bandwidth (MHz)
	SCS u=0 or 1
	N2: the number of symbols of LP-WUS
	N1: the number of beams
	number of wake-up times 

	number of transmitted LP-WUS M=number of beams* number of wake-up times

	20
	0
	1
	1
	3585
	3585

	20
	0
	1
	4
	897
	3588

	20
	0
	1
	8
	449
	3592

	20
	0
	7
	1
	512
	512

	20
	0
	7
	4
	128
	512

	20
	0
	7
	8
	64
	512

	20
	0
	14
	1
	256
	256

	20
	0
	14
	4
	64
	256

	20
	0
	14
	8
	32
	256

	20
	1
	1
	1
	7169
	7169

	20
	1
	1
	4
	1793
	7172

	20
	1
	1
	8
	897
	7176

	20
	1
	7
	1
	1024
	1024

	20
	1
	7
	4
	256
	1024

	20
	1
	7
	8
	128
	1024

	20
	1
	14
	1
	512
	512

	20
	1
	14
	4
	128
	512

	20
	1
	14
	8
	64
	512

	100
	0
	1
	1
	17921
	17921

	100
	0
	1
	4
	4481
	17924

	100
	0
	1
	8
	2241
	17928

	100
	0
	7
	1
	2560
	2560

	100
	0
	7
	4
	640
	2560

	100
	0
	7
	8
	320
	2560

	100
	0
	14
	1
	1280
	1280

	100
	0
	14
	4
	320
	1280

	100
	0
	14
	8
	160
	1280

	100
	1
	1
	1
	35841
	35841

	100
	1
	1
	4
	8961
	35844

	100
	1
	1
	8
	4481
	35848

	100
	1
	7
	1
	5120
	5120

	100
	1
	7
	4
	1280
	5120

	100
	1
	7
	8
	640
	5120

	100
	1
	14
	1
	2560
	2560

	100
	1
	14
	4
	640
	2560

	100
	1
	14
	8
	320
	2560



Observation 24: For 20M system bandwidth with SCS 15KHz, to satisfy system overhead <5%, with 14 symbols in time domain, the expected number of transmitted LP-WUS is no more than 256 times, including repetition and multi-beam based operation according to the assumptions in Table 7.
Observation 25: For 100M system bandwidth with SCS 15KHz, to satisfy system overhead <5%, with 14 symbols in time domain, the expected number of transmitted LP-WUS is no more than 1280 times, including repetition and multi-beam based operation according to the assumptions in Table 7.
Additionally, M can be obtained based on PO, the expected number of paged UEs could be obtained based on:  reference time duration/one frame*number of POs per PF*number of paged UEs per PO*RE
Table 8. example M based on PO
	
	Per UE
	4 UEs in a group
	8UEs in a group

	1280/10*4*32*1%=163.84
	164
	41
	21

	1280/10*4*32*0.1%=16.384
	17
	11
	6

	1280/10*4*32*0.01%=1.6384
	2
	1
	1

	1280/10*4*32*0.001%=0.16384
	1
	1
	1



Table 9. configurations for system overhead evaluation
	Reference (%)
	Final results

	per UE, 15KHz with different paging rate (1%, 0.1%, 0.01%, 0.001%), beams=1, 1 symbol, 100M
P=
164*5M*1/14 ms/(100m*1280ms) =0.0458
17*5M*1/14 ms/(100m*1280ms) =0.0047;
5.5804*10^-4  
2.7902*10^-4 
	

where u means the numerology, {0,1}
N1 means the number of beams, {1,4,8}
N2 means the number of symbols of LP-WUS, {1,7,14}
B is the bandwidth and B0 is the reference bandwidth 100M{20,100}
G means the number of UEs in a group{1,4,8}
H means the number of POs per PF{1,2,4}



The number of total configurations in table 9 is 2*3*3*2*3*4*3=1296, and the CDF curve is shown as follows:
[image: systemoverhead]
Figure 9. CDF of system overhead
Observation 26: More than 98% cases has <5% system overhead based on assumptions in Table 9.
Observation 27: Larger bandwidth, larger SCS, less beams, larger number of UEs in a group, less OFDM symbols for LP-WUS can reduce system overhead.

[bookmark: _Toc136522090]Vivo[R1-xxxxx]
[bookmark: _Toc136522091][bookmark: _Ref118739777]System resource overhead of LP-WUS
In order to study the system resource overhead by LP-WUS, we perform the resource overhead calculation with the following assumptions:
· The bandwidth of LP-WUS denoted as BWLP-WUS is 4.32MHz +2RB (30kHz) = 5.04MHz.
· The bandwidth of a serving cell denoted as BWCell is 20MHz or 100MHz.
· The duration of LP-WUS represented by DLP-WUS is 4 or 14 symbols.
· For RRC idle/inactive mode, the number of beams for LP-WUS transmission is assumed to be 8, which means the LP-WUS is transmitted repeatedly 8 times.
Hence, the resource overhead LP-WUS to the overall system resource can be calculated as below. Table 11 and Table 12 provide some reference values based on the above assumptions.
· RRC IDLE/INACTIVE mode:
· For RRC idle/inactive mode, paging configuration:
· Number of pages for a UE per cell per second () is calculated in Table 5
· Number of UEs carried in a LP-WUS is 
· Number of beams is 

Assuming the resource of one LP-WUS is:
· Alt 1: 5MHz * 4 OFDM symbol (30kHz) (Note: Refer to LP-WUS Config-3 in section 6.2)
· Alt 2: 5MHz * 14 OFDM symbol (30kHz) (Note: Refer to LP-WUS Config-2 in section 6.2)

[bookmark: TB9]Table 11.  Resource overhead ratio to the overall system resource for RRC idle/inactive mode.
	Scenarios
	Paging density
	Alt
	LP-WUS overhead (ratio of the resource compared to the total resources)

	
	Scenarios description
	Number of pages per cell per second
	· 
	Per UE LP-WUS
	Per group LP-WUS (=4)

	For IoT cases
	Assuming 1,000,000 user/km2 connection density [ITU M.2412], with packet arrival every 1 message/2 hours/device [ITU M.2412], assuming 500m ISD with 3 sectors
	10
	Alt 1
	0.06%
(100MHz sysBW)
	0.01%
(100MHz  sysBW)

	
	
	
	
	0.29%
(20MHz)
	0.07%
(20MHz)

	
	
	
	Alt 2
	0.2%
(100MHz sysBW)
	0.05%
(100MHz sysBW)

	
	
	
	
	1.01%
(20MHz)
	0.25% (20MHz)

	For eMBB cases
	Assuming very high population density, e.g., sports event with 5,000 users/cell population density, and per UE paging arrival rate = 1% when paging i-DRX cycle is Tpagingcycle = 1.28s
	39

	Alt 1
	0.22%
(100MHz sysBW)
	0.06%
(100MHz sysBW)

	
	
	
	
	1.12%
(20MHz)
	0.28%
(20MHz)

	
	
	
	Alt 2
	0.79%
(100MHz sysBW)
	0.2%
(100MHz sysBW)

	
	
	
	
	3.93%
(20MHz)
	0.98% (20MHz)

	Note: 
The above calculation assumes per cell paging. If the tracking area is larger and the base station needs to page UEs in a tracking area covering multiple cells, the LP-WUS overhead may be increased. 



· RRC Connected mode:
For RRC connected mode, number of UE configured with LP-WUS per cell NUE_connected can be assumed as 10 (capacity upper bound for XR service in several scenarios). Different UEs can use orthogonal LP-WUS resources. The traffic interval TTrafficInterval can be assumed as 16.67ms (60FPS) for XR and 200ms for eMBB FTP traffic.

Assuming the resource of one LP-WUS is: 5MHz * 4 OFDM symbol (30kHz) (Considering the coverage is compared to PUSCH, refer to LP-WUS Config-3 in section 6.2.)

[bookmark: _Ref127553247]Table 12.  Resource overhead ratio to the overall system resource for RRC connected mode.
	Resource overhead ratio, RLP-WUS
	RRC Connected mode

	
	XR traffic
	eMBB FTP traffic

	100MHz, 30KHz SCS
	0.43%
	0.036%



[bookmark: _Ref135067231]Observation 31: For RRC IDLE/INACTIVE mode, the upper bound of resource overhead used for LP-WUS is less than 1% for 100MHz system BW or less than 4% for 20MHz system BW even in highest UE connection density for both IoT and eMBB cases.
[bookmark: _Ref135067233]Observation 32: For RRC CONNECTED mode, the resource overhead of LP-WUS is less than 0.5% even in high load case such as 10 XR UEs per cell.
	Resource overhead ratio, RLP-WUS
	RRC Idle/inactive mode
	RRC Connected mode

	
	
	XR traffic
	eMBB FTP traffic

	20MHz, 30KHz SCS
	0.07% ~ 3.93%
	-
	-

	100MHz, 30KHz SCS
	0.01% ~ 0.79 %
	0.43%
	0.036%



[bookmark: _Toc136522092]System resource overhead of LP-SS in RRC idle/inactive mode
LP-SS is beneficial for IDLE/INACTIVE UEs for offloading RRM measurements to LR, and/or synchronization for LP-WUS monitoring. However, there has been some concern regarding system resource overhead and network power consumption due to LP-SS. 
We perform the resource overhead calculation of LP-SS with the following assumptions:
· The bandwidth of LP-SS denoted as BWLP-SS is 4.32MHz +2RB (30kHz) = 5.04MHz.
· The bandwidth of a serving cell denoted as BWCell is 20MHz or 100MHz
· The duration of LP-SS represented by DLP-SS is one slot.
· According to the agreed evaluation assumption, the LP-SS periodicity represented by TLP-SS are assumed as 320ms (the most frequent LP-SS transmission), 1280ms (the same as the periodicity of I-DRX paging cycle) and 10240ms (the largest LP-SS periodicity).
· The number of beams for LP-SS transmission is assumed to be 8, which means the LP-WUS is transmitted repeatedly 8 times.
Hence, the resource overhead ratios of LP-SS to the overall system resource can be calculated as below in Table 13.

[bookmark: _Ref135066595]Table 13.  Resource overhead ratio of LP-SS to the overall system resource in RRC idle/inactive mode
	Resource overhead ratio, RLP-SS
	LP-SS periodicity

	
	320ms
	1280ms
	10240ms 

	20MHz, 30KHz SCS
	0.315%
	0.079%
	0.01%

	100MHz, 30KHz SCS
	0.063%
	0.0158%
	0.002%



In addition, LP-SS will not be assumed for RRC connected mode UEs as per the following agreement endorsed in 9.11.3 of the last meeting. Hence, there is no additional resource overhead caused by LP-SS for RRC connected mode.
	Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.



[bookmark: _Ref135067234]Observation 33: LP-SS in RRC IDLE/INACTIVE mode consumes no more than 0.32% of the system resource, even considering the most frequency LP-SS transmission i.e., 320ms LP-SS periodicity. 
[bookmark: _Ref135067235]Observation 34: LP-SS is not needed for RRC connected mode UEs enabled with LP-WUR/WUS.

[bookmark: _Toc136522093]Spreadtrum [xxxx]
From above two tables, the resource overhead for the LP-WUS can be estimated according to that of R17 PEI (Appendix A.4).
Table 5: Resource overhead for R17 PEI and the LP-WUS
	
	R17 PEI
	The LP-WUS

	Information bits
	12 bits
	41 bits
	12 bits: a small part of 48-bit for ng-5G-S-TMSI. The main radio should monitor PO after wake-up
	41 bits: the main part of 48-bit for ng-5G-S-TMSI). The main radio may not monitor PO after wake-up, if the remaining bits for ng-5G-S-TMSI is carried by location of the LP-WUS occasion, like PO location which carries some bits of UE ID

	Occupying REs
	288 (576 may be also feasible since R17 PEI has lower MDR than paging PDCCH)
	576
	288*y
(10-x) dB loss => y times of REs compared to R17 PEI
	576*y
(10-x) dB loss => y times of REs  compared to R17 PEI


It can be observed that the resource overhead of the LP-WUS is much larger than that of R17 PEI. For example, when y=5 (i.e. 5dB coverage shrinkage compared to R17 PEI), the LP-WUS may need 288*4 or 576*4 REs for 12 or 41 bits respectively.
Observation 10: System overhead of the LP-WUS is much larger than that of R17 PEI.

[bookmark: _Toc136522094]Huawei/HiSi [xxxx]
For evaluation of system overhead, different scenarios can be considered.
As the lower bound, empty load case can be considered, where only LP-SS is transmitted. The following assumptions are assumed:
· As analyzed in Section 2.2, the periodicity of LP-SS is 320ms. 
· The length of each LP-SS is 1ms, and each LP-SS is transmitted 8 times for beam sweeping.
· BW of a LP-SS is 1.5MHz, and the BW of NR carrier is 100MHz
Based on the above assumptions, the system overhead of LP-WUS for empty load is 0.04%. 

As the upper bound, heavy load case can be considered, where the following are assumed in addition to LP-SS:
· 2 bits are carried in one OFDM symbol, and a LP-WUS carries 48-bit information. Each LP-WUS is transmitted 8 times for beam sweeping.
· The BW of a LP-WUS is 1.5MHz, and two channels of LP-WUS in different frequency resources are configured. Therefore, the total BW for LP-WUS transmission is 3MHz.
· 250 LP-WUSs for IDLE/INACTIVE UE paging are transmitted per second, which is already heavy load based on our observation of real network.
Based on the above assumptions, the system overhead of LP-WUS for heavy load (LP-WUS+LP-SS) is 2.61%. 
Observation 1: The resource overhead of LP-WUS is from 0.04% to 2.61%.
Note that for empty case, at least SSB and SIB1 are transmitted for MR, of which the time domain occupancy is 6.5% and 22.7%, respectively [9]. Assume that the BW of SSB and SIB1 are 20PRBs and 40PRBs respectively, the system overhead in total is about 3.74%. Compared with the overhead of SSB and SIB1, the system overhead of LP-WUS (0.03%) is marginal. For heavy load case, the system overhead of the whole cell is usually dominated by the traffics of CONNECTED UEs, which is approximately approaching 100%. The system overhead of LP-WUS (2.61%) is also acceptable.
Proposal 1: In in-band deployment, the additional overhead due to LP-SS and LP-WUS transmission in a NR cell is considered to be marginal, compared with NR resource overhead transmitted in empty load. .

[bookmark: _Ref135225892][bookmark: _Toc136522095]Annex: Network power consumption
[bookmark: _Toc136522096]Vivo [R1-XXXXXX]
Network energy consumption for transmitting LP-WUS/LP-SS depends on the transmission occasion/periodicity configuration, gNB implementation and cell load etc. In general, there are two types of transmission: periodic transmission of LP-SS, and aperiodic transmission of LP-WUS. Note that the assumptions of different loads follow the agreed definition in R18 NES SI.
As LP-SS is transmitted in periodic manner, the network energy consumption has been a concern by some companies. In the following, the additional network energy consumption due to LP-SS transmission is evaluated, where the baseline assumption and LP-SS configuration is provided in Table 14 and additional evaluation assumptions can be found in Appendix D. The evaluation results under different network loads based on NES power model CAT 1 & CAT2 are provided in Table 15.
In general, LP-SS can be either FDM or TDM multiplexed with existing periodic signal/channels, e.g. SSB/SIB1. For FDM multiplexing of LP-SS and SSB/SIB 1, it is observed that the additional network energy consumption ratio is marginal, i.e., 0.002%~0.075% for a transmission periodicity 10240ms to 320ms across different network loads based on CAT 1 network power model and 0.002%~0.059% for a transmission periodicity 10240ms to 320ms across different network loads based on CAT 2 network power model. 
For TDM multiplexing of LP-SS and SSB/SIB 1, the additional network energy consumption ratio is still low, i.e., 0.039%~1.724% for a transmission periodicity 10240ms to 320ms across different network loads based on CAT 1 network power model and 0.031%~1.038% for a transmission periodicity 10240ms to 320ms across different network loads based on CAT 2 network power model.
[bookmark: _Ref135066682]Table 14. Assumption on baseline and LP-SS configuration

	Scheme
	Assumption

	Baseline: 
SSB and SIB1 transmitted in FDM manner;
RACH monitoring
	· Periodicity of SSB/SIB1 transmission, RACH monitoring: 20ms
· SSB: 4 slots with 2 SSBs in each slot, where 1 SSB occupies 4 OFDM symbols and 20 PRBs
· SIB 1: occupies 4 slots and 48 PRBs
· RACH: occupies 1 slot

	LP-SS
	· Periodicity of LP-SS: P=320, 640, 1280, 2560, 5120, 10240ms
· 1 LP-SS occupies 4 slots (enabling beam-sweeping) and 11PRBs



[bookmark: _Ref135054151] Table 15. The additional network energy power consumption for periodic LP-SS transmittion under different  network loads based on NES power model CAT 1 &CAT2

(a). Zero load case
	Cell load
	Multiplexing between LP-SS and SSB/SIB1
	LP-SS transmission periodicity P (unit: ms)
	Additional network power consumption 
(CAT-1 model) 
	Additional network power consumption 
(CAT- 2 model)

	Zero load
	FDM with SSB/SIB 1
	P=320
	0.075%
	0.059%

	
	
	P=640
	0.037%
	0.030%

	
	
	P=1280
	0.019%
	0.015%

	
	
	P=2560
	0.009%
	0.007%

	
	
	P=5120
	0.005%
	0.004%

	
	
	P=10240
	0.005%
	0.004%

	
	TDM with SSB/SIB 1
(adjacent slots)
	P=320
	1.724%
	1.038%

	
	
	P=640
	0.862%
	0.519%

	
	
	P=1280
	0.431%
	0.259%

	
	
	P=2560
	0.216%
	0.130%

	
	
	P=5120
	0.108%
	0.065%

	
	
	P=10240
	0.108%
	0.065%



(b). Low load case
	Cell load
	Multiplexing between LP-SS and SSB/SIB1
	LP-SS transmission periodicity P (unit: ms)
	Additional network power consumption 
(CAT-1 model) 
	Additional network power consumption 
(CAT-2 model)

	Low load
	FDM with SSB/SIB 1
	P=320
	0.057%
	0.049%

	
	
	P=640
	0.028%
	0.025%

	
	
	P=1280
	0.014%
	0.012%

	
	
	P=2560
	0.007%
	0.006%

	
	
	P=5120
	0.004%
	0.003%

	
	
	P=10240
	0.004%
	0.003%

	
	TDM with SSB/SIB 1
(adjacent slots)
	P=320
	1.271%
	0.863%

	
	
	P=640
	0.598%
	0.435%

	
	
	P=1280
	0.325%
	0.221%

	
	
	P=2560
	0.163%
	0.112%

	
	
	P=5120
	0.083%
	0.057%

	
	
	P=10240
	0.083%
	0.057%



(c). Light load case
	Cell load
	Multiplexing between LP-SS and SSB/SIB1
	LP-SS transmission periodicity P (unit: ms)
	Additional network power consumption 
(CAT-1 model) 
	Additional network power consumption 
(CAT-2 model)

	Light load
	FDM with SSB/SIB 1
	P=320
	0.033%
	0.032%

	
	
	P=640
	0.017%
	0.017%

	
	
	P=1280
	0.008%
	0.008%

	
	
	P=2560
	0.005%
	0.004%

	
	
	P=5120
	0.003%
	0.002%

	
	
	P=10240
	0.003%
	0.002%

	
	TDM with SSB/SIB 1
(adjacent slots)
	P=320
	0.830%
	0.580%

	
	
	P=640
	0.402%
	0.298%

	
	
	P=1280
	0.202%
	0.141%

	
	
	P=2560
	0.102%
	0.073%

	
	
	P=5120
	0.060%
	0.041%

	
	
	P=10240
	0.060%
	0.041%



(d). Medium load case
	Cell load
	Multiplexing between LP-SS and SSB/SIB1
	LP-SS transmission periodicity P (unit: ms)
	Additional network power consumption 
(CAT-1 model) 
	Additional network power consumption 
(CAT-2 model)

	Medium load
	FDM with SSB/SIB 1
	P=320
	0.019%
	0.021%

	
	
	P=640
	0.010%
	0.011%

	
	
	P=1280
	0.006%
	0.006%

	
	
	P=2560
	0.003%
	0.003%

	
	
	P=5120
	0.002%
	0.002%

	
	
	P=10240
	0.002%
	0.002%

	
	TDM with SSB/SIB 1
(adjacent slots)
	P=320
	0.657%
	0.367%

	
	
	P=640
	0.312%
	0.188%

	
	
	P=1280
	0.156%
	0.099%

	
	
	P=2560
	0.079%
	0.056%

	
	
	P=5120
	0.039%
	0.031%

	
	
	P=10240
	0.039%
	0.031%



[bookmark: _Ref135067236]Observation 35: The additional network energy consumption for periodic LP-SS transmission is marginal, especially when LP-SS is multiplexed with SSB/SIB 1 in FDM manner. 
	Multiplexing between LP-SS and SSB/SIB1
	The additional network energy consumption for periodic LP-SS transmission with a periodicity of 10240ms to 320ms

	
	NES power model CAT 1
(across different network loads)
	NES power model CAT 2
(across different network loads)

	FDM with SSB/SIB 1
	0.002%~0.075%
	0.002%~0.059%

	TDM with SSB/SIB 1
	0.039%~1.724%
	0.031%~1.038%




[bookmark: _Toc136522097]ZTE[R1-XXXXX]
Due to the LP-WUS or LP-SS transmission, it may cause additional network power consumption. It should be carefully considered that the network power saving gain is negated by the LP-WUS transmission. Therefore, evaluation for BS power consumption should be considered. Then the percentage for increased BS power consumption by introducing LP-WUS can be evaluated based on the following formula:


Where r is the percentage for increased BS power consumption by introducing LP-WUS, P2 is the total BS power consumption after introducing LP-WUS and LP-SS if applicable, P1 is the total BS power consumption for baseline scheme without introducing LP-WUS and LP-SS.
More specifically, the following scenarios are considered for NWES.
	For evaluation purpose, 
· a load (L) % of a cell is a percentage of resources used for UE specific PDSCH / PUSCH
· The following load scenarios are considered
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L≤15

	Light load
	· Include cell-specific signals and channels, and
· 15 < L≤ 30

	Medium load
	· Include cell-specific signals and channels, and
· 30 < L≤ 50

	For CA, the companies report whether the load is defined per CC or across all CCs.






Additionally, since the offset between LP-SS and SSB also may have a significant impact on BS power consumption, it also should be determined for BS power consumption evaluation. For example, at least offset=0 should be considered for NW power saving. Whether other offset values are considered can be further discussed. For example, for power boosting, 5ms power offset, similar like NCD-SSB may also be a potential value.
For the LP-WUS transmission, if duty cycle is assumed, the periodicity and the offset also should be considered for evaluating. There are mainly two options for considering.
· For LP-WUS monitoring with duty cycle, 
· Option 1: offset is same with LP-SS, the periodicity may be same or different  
· Option 2: offset is different with LP-SS. The periodicity may be same or different  
For option 1, it benefits for UE power saving and NW power saving, since the resources may be continuously transmitted. However, if the LP-WUS is UE specific and different UE share the same monitoring occasion, the collision may happen and the resource for UE multiplexing in frequency domain may be also not enough. Therefore, option2 is also needed. For always-on monitoring, it is flexible for the gNB to transmit the LP-WUS on any occasion. 
As for the detailed assumption for LP-WUS transmission, it depends on the paging rate. For example, for 1% paging rate in 1.28s, the periodicity for duty cycle could be 1.28s, 2.56s, 5.12s, 10.24s, 20.48s, 40.96s, 81.92s. as for the offset relative to SSB, it also could be 0, 5, 10 ms.  
Table 10. BS power consumption assumptions
	BS assumption
	Reuse from NES

	Scenarios
	Empty load, low load, light load, medium load

	SSB transmission
	20ms

	SCS
	15KHz, 30KHz

	LP-SS assumption
	Periodicity{160ms, 320ms, 640ms}
· Time domain resources:7 symbols 
· Frequency bandwidth: 5MHz
Offset with SSB: 0ms, 10ms
Number of beams: same as SSB.

	LP-WUS assumption
	· Time domain resources:7 symbols or N2 symbols，e.g.,14symbols
· Frequency bandwidth 5MHz
· For always-on monitoring, LP-WUS can be transmitted together with SSB or SIB, which means they are continuous or overlapped in time domain.
· For duty cycle monitoring, 
· Periodicity: {0.64s, 1.28s, 2.56s, 5.12s, 10.24s, 20.48s, 40.96s, 81.92s}
· Offset with SSB: 0,10ms

	Assumption for UE specific wake-up
	· Number of beams:1,4,8
· Traffic model:
· RE, REF= 1%, 0.1%, 0.01% or 0.001% and YREF = 1.28s
· FFS number of UEs or LP-WUS


	Assumption for group specific wake-up
	· Number of beams:4,8
· Number of UEs in a group: 4, 8

	Note: If always-on monitoring is assumed, the LP-SS may not be needed and LP-WUS can be transmitted at any slot/symbol.
Note: for empty load scenario, no LP-WUS is transmitted and LP-SS is transmitted



Proposal 17: Discuss the evaluation assumptions for BS power consumption
· Whether introduce Offset for LP-SS with SSB.
· Periodicity or offset for duty cycled LP-WUS

[bookmark: _Toc136522098]Huawei[R1-XXXXXX]
With middle load to heavy load, it is not the target scenario for network energy saving according to the NES SID/WID. Therefore, the evaluation of network energy consumption should focus on the empty load and low load case. As a starting point, empty load is evaluated. 
Proposal 2: For evaluation on impact of network energy consumption, empty load case is considered as the first step.
For empty load case, only LP-SS is transmitted for LP-WUR. With the assumptions listed in Section 3.3.1, the time domain occupancy is 2%, while the time domain occupancy of SSB and SIB1 is 29.2%. Considering that SSB and SIB1 is usually transmitted in a periodic way and the periodicity is usually shorter than LP-SS (320ms), LP-SS can be transmitted FDMed with SSB/SIB1, therefore the transmission time of gNB is not increased by LP-SS. With the same assumption listed in Section 3.3.1 and based on the agreed model for network energy consumption [8], the increase of network energy consumption is only about 0.08% 
Proposal 3: Impact of LP-WUS to network energy consumption is marginal.










min:Power saving gain [%]	
Futurewei	Intel	QC	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	QC	E///	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	3.4000000000000002E-2	0.58831299999999997	0.8	0.27411000000000002	0.34599999999999997	0.89	1.1000000000000001E-2	0.22479499999999999	0.79	0.218529	4.7E-2	0.17	0.44	-0.94799999999999995	mean:Power saving gain [%]	
Futurewei	Intel	QC	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	QC	E///	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.51951488095238096	0.72717196666666661	0.85400000000000009	0.9036261874999999	0.74819999999999998	0.9	0.49065476190476187	0.43789820000000007	0.84666666666666668	0.82250520454545462	0.50880000000000003	0.27500000000000002	0.50857142857142856	-0.38608333333333311	max:Power saving gain [%]	
Futurewei	Intel	QC	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	QC	E///	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.78799999999999992	0.90084500000000001	0.93	0.92718299999999998	0.93	0.91	0.754	0.84063600000000005	0.89	0.86148599999999997	0.878	0.38	0.56000000000000005	0.02	















min:Power saving gain [%]	
QC	vivo	Apple	E///	MediaTek	vivo	Apple	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.22	0.50863000000000003	0.88100000000000001	0.87	0.89	0.37938899999999998	0.34100000000000003	0.49	mean:Power saving gain [%]	
QC	vivo	Apple	E///	MediaTek	vivo	Apple	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.63428571428571434	0.73380658333333337	0.88100000000000001	0.87	0.89	0.61321891666666672	0.59266666666666667	0.5083333333333333	max:Power saving gain [%]	
QC	vivo	Apple	E///	MediaTek	vivo	Apple	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.85	0.85590900000000003	0.88100000000000001	0.87	0.89	0.75025299999999995	0.83	0.52	















min:Power saving gain [%]	
E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Futurewei	HW	&	HiSi	Intel	Nokia	QC	Samsung	vivo	ZTE	Nokia	Futurewei	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.98	9.5000000000000001E-2	0.61709700000000001	0.92	0.313973	0.95323927014848198	0.45	7.2999999999999995E-2	0.67600000000000005	0.26260499999999998	0.87	0.95	0.87929999999999997	0.25770500000000002	0.86644664466446697	0.78	-0.88900000000000001	0.79	-1.5699999999999999E-2	9.99588081834408E-2	0.2	mean:Power saving gain [%]	
E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Futurewei	HW	&	HiSi	Intel	Nokia	QC	Samsung	vivo	ZTE	Nokia	Futurewei	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.98499999999999999	0.59895833333333293	0.75404213333333336	0.95499999999999985	0.96911490384615462	0.98487680645509279	0.7925925925925924	0.56982142857142848	0.82096666666666662	0.46610760000000007	0.91000000000000014	0.95	0.94680952380952377	0.88744928409090906	0.89513765109754817	0.83125000000000004	-0.30931547619047628	0.81499999999999995	0.5638142857142856	0.12398736784292184	0.54499999999999993	max:Power saving gain [%]	
E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Futurewei	HW	&	HiSi	Intel	Nokia	QC	Samsung	vivo	ZTE	Nokia	Futurewei	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.99	0.87	0.90723500000000001	0.98	0.99260199999999998	0.99903895911879903	0.95	0.83700000000000008	0.92049999999999998	0.84569300000000003	0.96	0.95	0.98980000000000001	0.92657900000000004	0.93317167798254097	0.92	0.1	0.84	0.91020000000000001	0.13359879170671399	0.83	


















min:Power saving gain [%]	
E///	Nokia	vivo	ZTE	E///	Nokia	Samsung	vivo	ZTE	Nokia	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.95	0.9	0.63950200000000001	-2.0396215257244199	0.88	0.85	0.61719999999999997	0.50773900000000005	-1.21984191475216	0.75	0.77	-4.58E-2	-2.0326365969930298	0.2	mean:Power saving gain [%]	
E///	Nokia	vivo	ZTE	E///	Nokia	Samsung	vivo	ZTE	Nokia	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.95499999999999996	0.93	0.8524370555555556	-0.35348149433957837	0.9	0.88800000000000012	0.7991583333333333	0.73109049999999998	-0.41913045894478906	0.8075	0.79499999999999993	0.44893333333333324	-1.2266226622662275	0.53875000000000006	max:Power saving gain [%]	
E///	Nokia	vivo	ZTE	E///	Nokia	Samsung	vivo	ZTE	Nokia	Nokia	Samsung	ZTE	SPRD	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.96	0.96	0.96110700000000004	0.31766097434760099	0.91	0.93	0.84989999999999999	0.85534900000000003	0.22625595892922601	0.9	0.82	0.74409999999999998	-0.60176017601760201	0.82	





















min:Latency [ms]	
E///	Intel	Nokia	QC	vivo	ZTE	E///	HW	&	HiSi	Intel	MediaTek	Nokia	QC	vivo	ZTE	Nokia	QC	E///	Nokia	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1090.75	1192.26	1220	1211.6636000000001	1090.75	1149.961	1252.92	690	1220	1214.0888	1220	1090.75	1220	mean:Latency [ms]	
E///	Intel	Nokia	QC	vivo	ZTE	E///	HW	&	HiSi	Intel	MediaTek	Nokia	QC	vivo	ZTE	Nokia	QC	E///	Nokia	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1090.75	1192.26	1220	1431.2123048387118	1106.3055555555557	1149.961	1252.9199999999987	690	1220	1424.62701904762	1220	1118.75	1220	max:Latency [ms]	
E///	Intel	Nokia	QC	vivo	ZTE	E///	HW	&	HiSi	Intel	MediaTek	Nokia	QC	vivo	ZTE	Nokia	QC	E///	Nokia	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1090.75	1192.26	1220	1648.2577000000001	1230.75	1149.961	1252.92	690	1220	1642.4956999999999	1220	1230.75	1220	















min:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	vivo	Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	HW	&	HiSi	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-0.40899999999999997	0.86799999999999999	0.48831799999999997	0.22803699999999999	-0.43099999999999999	0.78839999999999999	0.12157800000000001	0.86	0.16830300000000001	0.42940960762742902	-1.4609999999999999	7.3700000000000002E-2	-0.68065600000000004	mean:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	vivo	Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	HW	&	HiSi	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.37552604166666637	0.86799999999999999	0.73067683333333344	0.74444753846153833	0.34686458333333325	0.79570000000000007	0.44086272222222223	0.89	0.6341808333333333	0.64698692091431365	-0.55783333333333318	7.3700000000000002E-2	-8.5461308333333375E-2	max:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	vivo	Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	HW	&	HiSi	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.78200000000000003	0.86799999999999999	0.97468600000000005	0.92277600000000004	0.748	0.80300000000000005	0.91106100000000001	0.92	0.85689199999999999	0.788778877887789	1.3999999999999999E-2	7.3700000000000002E-2	0.33949400000000002	


















min:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	Intel	vivo	ZTE	Futurewei	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-4.1289999999999996	-0.88815900000000003	-8.2117810000000002	-4.13	-1.237751	-8.2705359999999999	6.2706270627062702E-2	-4.8760000000000003	-9.1407659999999993	mean:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	Intel	vivo	ZTE	Futurewei	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-1.515881944444444	-0.17113425000000002	-2.4533808279999998	-1.5373194444444445	-0.45453365833333342	-2.5173738000000005	6.2706270627062702E-2	-2.3849444444444448	-3.2370865000000002	max:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	Intel	vivo	ZTE	Futurewei	vivo	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	8.5000000000000006E-2	0.587252	0.47073100000000001	5.4000000000000006E-2	0.523922	0.40486699999999998	6.2706270627062702E-2	-0.66	-0.11111600000000001	


















min:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.99099999999999999	-0.317	0.93169999999999997	0.51592800000000005	0.81	0.27493200000000001	0.60988402157051003	0.96399999999999997	-0.33899999999999997	0.20330000000000001	0.16187299999999999	0.77	1.38813229369563E-2	0.21341499999999999	3.10378273520854E-2	0.60654605147712282	0.66	-1.3719999999999999	-0.432	0.68	0.47002589924142701	-0.63407999999999998	-0.21859123987367901	mean:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.99249999999999994	0.46653124999999968	0.93524999999999991	0.75768750000000007	0.84083333333333321	0.80355699999999985	0.83430787220554048	0.96399999999999997	0.43751041666666696	0.76395555555555561	0.46903383333333337	0.79500000000000015	0.61078349942415133	0.69266550000000005	0.70605699630869856	0.73781194651526816	0.71750000000000003	-0.46989583333333335	4.8845454545454553E-2	0.7	0.76600089683611461	-3.4525916666666691E-2	-1.4920591331411373E-2	max:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	0.99399999999999999	0.8640000000000001	0.93879999999999997	0.98215200000000003	0.86	0.98851699999999998	0.98144451837066604	0.96399999999999997	0.83	0.88900000000000001	0.91595199999999999	0.84	0.97020527654939304	0.92217300000000002	0.92182347235693496	0.85861950763360928	0.8	9.4E-2	0.33600000000000002	0.72	0.90277963060828303	0.39616699999999999	0.117808595359055	





















min:Power saving gain [%]	
Futurewei	Intel	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Samsung	vivo	ZTE	xiaomi	Futurewei	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-4.0519999999999996	-0.858348	-8.1526029999999992	-21.188955422488402	-4.0529999999999999	-0.96060000000000001	-1.203943	-15.5219	-8.2119540000000004	-21.110011001100101	-3.3917251685431427	-4.8010000000000002	-15.5756	-9.1096400000000006	-20.471234381436201	mean:Power saving gain [%]	
Futurewei	Intel	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Samsung	vivo	ZTE	xiaomi	Futurewei	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-1.424854166666667	-0.14422924999999998	-2.3337641568627454	-9.1154150814340831	-1.4467083333333339	-0.25445000000000001	-0.42657483333333324	-2.5678795158988055	-2.4554358000000001	-6.0199574309552206	-0.3646536148181958	-2.2970138888888889	-3.0696465734441314	-3.1857647500000001	-9.2579523090301539	max:Power saving gain [%]	
Futurewei	Intel	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Samsung	vivo	ZTE	xiaomi	Futurewei	Samsung	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.16800000000000001	0.59305799999999997	0.53648399999999996	0.24964885044725399	0.13600000000000001	0.45169999999999999	0.53514700000000004	0.83545938503239503	0.470161	0.44180407371483998	0.78731936727339513	-0.57999999999999996	0.6109	-5.4442999999999998E-2	-0.56199368392146098	



























min:Latency [ms]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1400	432	1153.21	1220	1088.5962	1400	420	1213.3800000000001	1220	1111.6887999999999	436	1220	1400	432	1220	1001.0436999999999	mean:Latency [ms]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1470	471	1153.2099999999994	1220	1143.2593865384617	1470	478.36363636363637	1213.3800000000006	1220	1149.4849772727268	549.33333333333337	1220	1470	779.09090909090912	1220	1074.1241863636369	max:Latency [ms]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	xiaomi	Nokia	Futurewei	HW	&	HiSi	Nokia	vivo	ZTE	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	1%	<	Effective per  UE paging arrival rate	<	=8%	Effective per  UE paging arrival rate	>	8%	1540	510	1153.21	1220	1162.0328	1540	510	1213.3800000000001	1220	1156.4888000000001	886	1220	1540	1162	1220	1126.8678	
























min:Power saving gain [%]	
E///	Futurewei	Intel	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	E///	MediaTek	vivo	Apple	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.91	4.5999999999999999E-2	0.23512	0.218529	0.38900000000000001	0.89	1.1000000000000001E-2	0.22479499999999999	0.79	0.76558599999999999	4.7E-2	0.87	0.89	0.37938899999999998	0.34100000000000003	mean:Power saving gain [%]	
E///	Futurewei	Intel	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	E///	MediaTek	vivo	Apple	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.91	0.50070833333333342	0.44109399999999993	0.82185480769230779	0.64066666666666672	0.89	0.47724999999999995	0.43310449999999995	0.84666666666666668	0.8234446666666666	0.47583333333333333	0.87	0.89	0.61321891666666672	0.59266666666666667	max:Power saving gain [%]	
E///	Futurewei	Intel	vivo	Apple	E///	Futurewei	Intel	QC	vivo	Apple	E///	MediaTek	vivo	Apple	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.91	0.754	0.84063600000000005	0.86148599999999997	0.878	0.89	0.745	0.83481700000000003	0.89	0.85085599999999995	0.874	0.87	0.89	0.75025299999999995	0.83	



























min:Power saving gain [%]	
E///	Futurewei	Intel	vivo	ZTE	E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Nokia	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99	0.13100000000000001	0.63171699999999997	0.313973	0.97141168648888199	0.98	9.5000000000000001E-2	0.61709700000000001	0.92	0.91220999999999997	0.95323927014848198	0.95	0.9	0.63950200000000001	-2.0396215257244199	mean:Power saving gain [%]	
E///	Futurewei	Intel	vivo	ZTE	E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Nokia	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99	0.60906770833333335	0.75757683333333337	0.97145274666666659	0.98987657718992161	0.98	0.58547916666666677	0.74874008333333342	0.95500000000000007	0.96592693636363669	0.96987749425060532	0.95499999999999996	0.93	0.8524370555555556	-0.35348149433957821	max:Power saving gain [%]	
E///	Futurewei	Intel	vivo	ZTE	E///	Futurewei	Intel	Nokia	vivo	ZTE	E///	Nokia	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99	0.87	0.90723500000000001	0.99260199999999998	0.99903895911879903	0.98	0.86	0.90296100000000001	0.98	0.98988600000000004	0.98358837879796002	0.96	0.96	0.96110700000000004	0.31766097434760099	



























min:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	-0.43099999999999999	0.78839999999999999	0.12157800000000001	0.86	0.16830300000000001	0.42940960762742902	-4.13	-1.237751	-0.96493300000000004	6.2706270627062702E-2	-8.2705359999999999	mean:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.34686458333333325	0.79570000000000007	0.44086272222222223	0.89	0.6341808333333333	0.64698692091431365	-1.5373194444444445	-0.45453365833333342	-0.20393300000000003	6.2706270627062702E-2	-5.9875350000000003	max:Power saving gain [%]	
Futurewei	HW	&	HiSi	Intel	MediaTek	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.748	0.80300000000000005	0.91106100000000001	0.92	0.85689199999999999	0.788778877887789	5.4000000000000006E-2	0.523922	0.40486699999999998	6.2706270627062702E-2	-3.7045340000000002	






























min:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99099999999999999	-0.317	0.93169999999999997	0.51592800000000005	0.81	0.27493200000000001	0.60988402157051003	-4.0519999999999996	-0.858348	-0.84666699999999995	0.239934992982197	-8.1526029999999992	-21.188955422488402	mean:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99249999999999994	0.46653124999999968	0.93524999999999991	0.75768750000000007	0.84083333333333321	0.80355699999999985	0.83430787220554048	-1.424854166666667	-0.14422924999999998	-5.789825806451613E-2	0.24537153783229998	-5.8613562999999997	-13.795808391067274	max:Power saving gain [%]	
CATT	Futurewei	HW	&	HiSi	Intel	Nokia	vivo	ZTE	Futurewei	Intel	vivo	ZTE	vivo	ZTE	P_WURon	<	1	1	<	=P_WURon	<	10	10	<	=P_WURon	<	=30	0.99399999999999999	0.8640000000000001	0.93879999999999997	0.98215200000000003	0.86	0.98851699999999998	0.98144451837066604	0.16800000000000001	0.59305799999999997	0.53648399999999996	0.24964885044725399	-3.573105	-6.4037110963258703	



























min:Power saving gain [%]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	0.63	0.22	0.37	mean:Power saving gain [%]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	0.82916666666666661	0.73250000000000004	0.59833333333333327	max:Power saving gain [%]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	0.97	0.95	0.82	





















min:Latency [ms]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	26050.75	26050.75	mean:Latency [ms]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	161730.75	161730.75	max:Latency [ms]	
E///	QC	E///	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	297410.75	297410.75	










































min:Power saving gain [%]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	-0.17699999999999999	-0.18100000000000002	0.33	-0.222	mean:Power saving gain [%]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.30653422619047599	0.28118749999999998	0.33	3.054166666666663E-2	max:Power saving gain [%]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	0.65200000000000002	0.59399999999999997	0.33	0.17199999999999999	




































min:Latency [ms]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	15180	15180	690	15180	mean:Latency [ms]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	18120	18120	690	18120	max:Latency [ms]	
Futurewei	Futurewei	MediaTek	Futurewei	Effective per  UE paging arrival rate	<	=0.1%	0.1%	<	Effective per  UE paging arrival rate	<	=1%	Effective per  UE paging arrival rate	>	8%	21060	21060	690	21060	



























min:Power saving gain [%]	
E///	vivo	E///	OPPO	ZTE	Apple	E///	Futurewei	vivo	Apple	E///	Futurewei	Intel	Nokia	Samsung	vivo	ZTE	Apple	E///	HW	&	HiSi	Intel	MediaTek	QC	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-5.8882640000000004	-1.03	0.10639999999999999	5.6741028128031001E-2	-0.47399999999999998	0.45	1.1000000000000001E-2	0.218529	4.7E-2	0.72	0.33399999999999996	0.22479499999999999	0.85	0.61719999999999997	0.53951899999999997	0.90955383123181399	0.28100000000000003	0.87	0.67600000000000005	0.28916999999999998	0.89	0.22	0.37938899999999998	mean:Power saving gain [%]	
E///	vivo	E///	OPPO	ZTE	Apple	E///	Futurewei	vivo	Apple	E///	Futurewei	Intel	Nokia	Samsung	vivo	ZTE	Apple	E///	HW	&	HiSi	Intel	MediaTek	QC	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-5.6859124999999997	-0.10166666666666667	0.14895714285714284	7.0926285160038807E-2	-0.31924999999999998	0.60222222222222233	0.31061111111111095	0.27462916666666665	0.50450000000000006	0.73499999999999999	0.62922354497354438	0.51260451666666673	0.89954545454545454	0.89311818181818181	0.60437299999999994	0.92381183317167792	0.66483333333333328	0.92480000000000007	0.82096666666666662	0.68000543333333341	0.89	0.76249999999999996	0.90390043558282218	max:Power saving gain [%]	
E///	vivo	E///	OPPO	ZTE	Apple	E///	Futurewei	vivo	Apple	E///	Futurewei	Intel	Nokia	Samsung	vivo	ZTE	Apple	E///	HW	&	HiSi	Intel	MediaTek	QC	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-3.01	-5.5581269999999998	0.38	0.1663	8.0504364694471406E-2	-0.22	0.7	0.51500000000000001	0.31904100000000002	0.93	0.75	0.87	0.66414300000000004	0.95	0.98980000000000001	0.65252100000000002	0.93317167798254097	0.878	0.98	0.92049999999999998	0.90723500000000001	0.89	0.95	0.99260199999999998	






























min:Power saving gain [%]	
vivo	OPPO	ZTE	Futurewei	HW	&	HiSi	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	HW	&	HiSi	Intel	MediaTek	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-5.6674429999999996	1.43E-2	2.6188166828322E-2	-0.43099999999999999	0.20330000000000001	0.16830300000000001	3.10378273520854E-2	-0.10800000000000001	0.53690000000000004	0.12157800000000001	0.77	1.38813229369563E-2	0.49230600000000002	0.684190106692532	0.78839999999999999	0.189771	0.86	0.633158	mean:Power saving gain [%]	
vivo	OPPO	ZTE	Futurewei	HW	&	HiSi	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	HW	&	HiSi	Intel	MediaTek	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-5.6674429999999996	0.11559999999999999	4.8011639185256999E-2	0.15086111111111103	0.20330000000000001	0.24585783333333336	3.10378273520854E-2	0.49826620370370384	0.53690000000000004	0.5159629722222222	0.79727272727272724	0.61078349942415133	0.57614475000000009	0.82806336889751064	0.87210833333333326	0.68316747222222218	0.89	0.87941365753424683	max:Power saving gain [%]	
vivo	OPPO	ZTE	Futurewei	HW	&	HiSi	vivo	ZTE	Futurewei	HW	&	HiSi	Intel	Nokia	Samsung	vivo	ZTE	HW	&	HiSi	Intel	MediaTek	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-5.6674429999999996	0.16370000000000001	6.9835111542192005E-2	0.505	0.20330000000000001	0.28032000000000001	3.10378273520854E-2	0.8640000000000001	0.53690000000000004	0.740201	0.83	0.97020527654939304	0.61173999999999995	0.92182347235693496	0.93879999999999997	0.98215200000000003	0.92	0.98851699999999998	

































min:Power saving gain [%]	
vivo	OPPO	Futurewei	ZTE	Futurewei	Intel	Samsung	ZTE	HW	&	HiSi	Intel	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-14.754155000000001	-1.0210999999999999	-4.13	1.2609117361784701E-2	-3.8580000000000001	-1.237751	-15.5219	0.44180407371483998	-0.96060000000000001	-1.177664	-8.2705359999999999	mean:Power saving gain [%]	
vivo	OPPO	Futurewei	ZTE	Futurewei	Intel	Samsung	ZTE	HW	&	HiSi	Intel	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-10.340167333333333	-0.52652222222222222	-1.9267962962962955	1.2609117361784701E-2	-1.3278456790123454	-0.38279283333333325	-2.5678795158988055	0.44180407371483998	-0.25445000000000001	-0.21544316249999998	-2.390084831868132	max:Power saving gain [%]	
vivo	OPPO	Futurewei	ZTE	Futurewei	Intel	Samsung	ZTE	HW	&	HiSi	Intel	vivo	no RRM relaxed	MR relaxed 	<	 8times	8times	<	=MR relaxed	<	=16times	MR relaxed 	>	16times	MR offload RRM to LR	-6.0784019999999996	-0.1298	-0.38600000000000001	1.2609117361784701E-2	0.16800000000000001	0.35024100000000002	0.83545938503239503	0.44180407371483998	0.45169999999999999	0.59305799999999997	0.53648399999999996	

































min:Power saving gain [%]	
Futurewei	Intel	MediaTek	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.32899999999999996	0.22479499999999999	0.89	0.218529	1.1000000000000001E-2	mean:Power saving gain [%]	
Futurewei	Intel	MediaTek	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.5901428571428573	0.43789819999999996	0.89	0.77765814285714285	0.39116666666666672	max:Power saving gain [%]	
Futurewei	Intel	MediaTek	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.754	0.84063600000000005	0.89	0.86148599999999997	0.63	




































min:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.38400000000000001	0.61709700000000001	0.313973	9.5000000000000001E-2	mean:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.67757738095238085	0.75404213333333336	0.94381127409638577	0.520339285714286	max:Power saving gain [%]	
Futurewei	Intel	vivo	Futurewei	MR sync/re-sync energy consumption	<	=4000	4000	<	MR sync/re-sync energy consumption	<	=15000	0.87	0.90723500000000001	0.99260199999999998	0.80400000000000005	






























min:Power saving gain [%]	
E///	Futurewei	Intel	MediaTek	vivo	Apple	Intel	Apple	15000	40000	0.87	1.1000000000000001E-2	0.22479499999999999	0.89	0.218529	4.7E-2	-0.70467000000000002	-1.274	mean:Power saving gain [%]	
E///	Futurewei	Intel	MediaTek	vivo	Apple	Intel	Apple	15000	40000	0.89	0.49065476190476187	0.43789819999999996	0.89	0.77765814285714285	0.5227777777777779	-0.23320523333333334	-0.11961111111111118	max:Power saving gain [%]	
E///	Futurewei	Intel	MediaTek	vivo	Apple	Intel	Apple	15000	40000	0.91	0.754	0.84063600000000005	0.89	0.86148599999999997	0.878	0.73981399999999997	0.71599999999999997	



Power saving gain (DL only traffic, compared to existing power saving techniques)






汇总	
Xiaomi	Mediatek	ZTE	ZTE	E///	E///	E///	E///	vivo	vivo	vivo	vivo	vivo	vivo	vivo	vivo	Xiaomi	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	low load	high load	high load	high load	low load	high load	low load	high load	low load	high load	low load	high load	low load	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	jitter range: [-4, +4]ms	Dense Urban	Indoor	Dense Urban	Dense Urban	Indoor	Dense Urban	compared to baseline: R17 PDCCH	compared to short CDRX	compared to R17 PDCCH+R18 enhanced DRX	Compared to baseline: R18 enhanced C-DRX	0.22632896480636133	0.19014999999999999	0.108	0.12	0.13633155916575002	0.10012938734762505	4.4917412498672427E-2	4.8834569915983117E-3	8.2854906054279587E-2	0.14013569937369508	7.2101090188305239E-2	0.12314172447968286	0.15463917525773196	0.25726335520149957	0.14749494495618964	0.23994607953268932	6.5262288310615535E-2	


Capacity (DL only traffic, jitter range +-4ms)








汇总	
vivo	Xiaomi	E///	vivo	Xiaomi	E///	vivo	Xiaomi	E///	vivo	E///	Xiaomi	vivo	ZTE	E///	vivo	ZTE	Mediatek	E///	vivo	ZTE	E///	vivo	E///	-	MR enters micro sleep	MR enters light sleep	-	-	-	-	-	-	MR enters micro sleep	MR enters light sleep	-	-	-	-	alwayson	LP-WUS	R18 enhanced C-DRX	short C-DRX	R17 PDCCH scheme+ R18 enhanced CDRX	R17 PDCCH skipping+ R18 enhanced C-DRX	R17 PDCCH skipping	alwayson	LP-WUS	R17 PDCCH scheme	short C-DRX	R17 PDCCH scheme+ R18 enhanced CDRX	R17 PDCCH skipping+ R18 enhanced C-DRX	low load	high load	jitter range: [-4, +4]ms	1	0.98255000000000003	0.99919999999999998	1	0.96704999999999997	0.99860000000000004	0.99439999999999995	0.98409999999999997	0.99309999999999998	1	0.99919999999999998	0.95	0.92500000000000004	0.93899999999999995	0.95255000000000001	0.92200000000000004	0.93899999999999995	0.80479999999999996	0.91490000000000005	0.82779999999999998	0.90300000000000002	0.86539999999999995	0.92200000000000004	0.94294999999999995	


Capacity (DL only traffic, jitter range +-8ms)







汇总	
vivo	vivo	vivo	vivo	vivo	ZTE	vivo	ZTE	vivo	ZTE	vivo	-	MR enters micro sleep	MR enters light sleep	-	-	MR enters micro sleep	MR enters light sleep	-	-	alwayson	LP-WUS	R17 PDCCH scheme+ R18 enhanced CDRX	alwayson	LP-WUS	R17 PDCCH scheme	R17 PDCCH scheme+ R18 enhanced CDRX	low load	high load	jitter range: [-8, +8]ms	1	1	0.99439999999999995	1	0.92500000000000004	0.93899999999999995	0.91100000000000003	0.90180000000000005	0.8256	0.90900000000000003	0.91	


Power saving gain (DL+ UL traffic, compared to existing power teachniques)






汇总	
E///	E///	E///	E///	vivo	vivo	vivo	vivo	vivo	vivo	vivo	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	low load	high load	low load	high load	low load	high load	low load	high load	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	Dense Urban	Dense Urban	Indoor	compared to short CDRX	compared to R17 PDCCH+R18 enhanced DRX	4.9542057048055199E-2	2.7744227133036703E-2	1.6715370988515055E-2	-5.8353070927013584E-3	0.1	0.184	8.9099999999999999E-2	0.16569999999999999	0.122	0.19800000000000001	0.105	


Capacity (DL +UL traffic)










汇总	
vivo	E///	vivo	E///	vivo	E///	vivo	E///	vivo	E///	vivo	E///	vivo	E///	vivo	E///	vivo	vivo	vivo	-	MR enters micro sleep	MR enters light sleep	-	-	-	-	MR enters micro sleep	MR enters light sleep	-	-	-	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	alwayson	LP-WUS	short C-DRX	R17 PDCCH scheme+ R18 enhanced CDRX	R17 PDCCH skipping+ R18 enhanced C-DRX	alwayson	LP-WUS	short C-DRX	R17 PDCCH scheme+ R18 enhanced CDRX	R17 PDCCH skipping+ R18 enhanced C-DRX	LP-WUS	LP-WUS	low load	high load	low load	high load	jitter range: [-4, +4]ms	jitter range: [-8, +8]ms	1	0.99939999999999996	1	0.98860000000000015	0.99399999999999999	0.98470000000000002	1	0.98809999999999998	0.97799999999999998	0.94304999999999994	0.97799999999999998	0.88800000000000012	0.81899999999999995	0.87309999999999999	0.97799999999999998	0.92344999999999999	0.99399999999999999	0.93400000000000005	0.95799999999999996	


Power saving gain (compared to existing power saving techniques, WUR on power <=1unit) 








汇总	
vivo	Xiaomi	ZTE	vivo	Xiaomi	ZTE	vivo	Xiaomi	E///	vivo	Xiaomi	ZTE	E///	ZTE	vivo	vivo	ZTE	CATT	vivo	vivo	vivo	Samsung	vivo	ZTE	vivo	ZTE	vivo	vivo	Xiaomi	ZTE	vivo	Xiaomi	ZTE	vivo	Xiaomi	E///	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enters micro sleep	-	-	-	-	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enters micro sleep	WUR ON power 	<	=1 unit	WUR ON power =4 unit	-	-	-	-	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power 	<	=1 unit	WUR ON power =4 unit	LP-WUS	C-DRX	genie	C-DRX+ 
DCI2_6	R17 
PDCCH+	
C-DRX+
DCI2_6	LP-WUS	LP-WUS	LP-WUS	compared to baseline: alwayson	Compared to baseline: C-DRX + DCI2_6	compared to baseline: R17 PDCCH+C-DRX+DCI2_6	Compared to baseline: C-DRX	0.86204999999999998	0.94910000000000005	0.9002	0.68474999999999997	0.7823	0.71040000000000003	0.43474999999999997	0.53400000000000003	0.17883817427385895	0.60214999999999996	0.62870000000000004	0.59250000000000003	0.43630705394190872	0.9204	0.53779999999999994	0.77349999999999997	0.73919999999999997	0.28482683794785107	0.70153613154478578	0.31793595845954126	-0.21129999999999999	9.9250000000000005E-2	0.39094922737306848	0.61733128834355833	-0.38095238095238093	-0.11042944785276054	-1.47136	0.65243055555555562	0.86279000979001563	0.754	0.22465277777777776	0.41366299304410548	0.28799999999999998	-0.41701388888888891	-0.25486593787224954	-0.46632726672229163	


Power saving gain (compared to existing power saving techniques, WUR ON power >=10units) 







汇总	
vivo	ZTE	vivo	ZTE	vivo	vivo	vivo	vivo	vivo	vivo	vivo	vivo	vivo	vivo	ZTE	vivo	ZTE	vivo	vivo	vivo	vivo	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	WUR ON power =10 unit	WUR ON power	>	10 unit	WUR ON power =10 unit	WUR ON power	>	10 unit	WUR ON power =10 unit	WUR ON power	>	10 unit	compared to baseline: alwayson	Compared to baseline: C-DRX + DCI2_6	compared to baseline: R17 PDCCH+C-DRX+DCI2_6	0.75531914893617025	0.82569999999999999	0.58510638297872342	0.63590000000000002	0.32978723404255317	0.5957446808510638	0.42553191489361702	0.17021276595744683	0.11363636363636365	-0.43181818181818188	0.13636363636363635	-0.22727272727272718	-0.77272727272727282	-9.5238095238095344E-2	0.33167177914110435	-0.85714285714285721	-0.39608895705521441	-2	-0.80952380952380942	-1.5714285714285714	-2.7142857142857144	


UPT gain (compared existing power saving techniques) 









汇总	
vivo	ZTE	vivo	ZTE	vivo	E///	vivo	ZTE	E///	vivo	vivo	ZTE	CATT	vivo	vivo	vivo	Samsung	vivo	ZTE	vivo	ZTE	vivo	vivo	ZTE	vivo	ZTE	vivo	E///	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	-	-	-	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	MR enter deep sleep	MR enters light sleep	MR enters micro sleep	LP-WUS	C-DRX	C-DRX+ 
DCI2_6	R17 
PDCCH+	
C-DRX+
DCI2_6	LP-WUS	LP-WUS	LP-WUS	compared to baseline: alwayson	Compared to baseline: C-DRX + DCI2_6	compared to baseline: R17 PDCCH+C-DRX+DCI2_6	Compared to baseline: C-DRX	-0.56999999999999995	-0.68689999999999996	-0.26	-0.4259	0	-1.2870012870013967E-3	-0.61275000000000002	-0.57630000000000003	-0.12226512226512229	-0.63700000000000001	-0.86699999999999999	-0.69069999999999998	0	0.1804	1.0411999999999999	1.7577	0	2.2252999999999998	1.23E-2	4.5774999999999997	0.85599999999999998	6.5351999999999997	0.41527113237639557	-0.26100000000000001	1.4473684210526314	0.36	2.306419457735247	0.27743542535333288	
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