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1. Introduction
The efeMTC WID [1] has an objective to improve idle mode paging and/or connected mode DRX:
Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.

This document analyzes the battery life improvement for idle mode (e)DRX of using a Sleep/Wake signal before the PO (paging opportunity) to indicate if a page is going to be sent in its upcoming PO or not (i.e. a sleep signal (no page upcoming) or wake signal (page coming)).  The design of the Sleep/Wake signal (herein referred to as the ePSS) is such at it can be used for system acquisition in general (e.g. for both PSM and (e)DRX modes). 
2. Sleep/Nothing or Wake/Nothing or Sleep/Wake
A signal will be much easier for the UE to decode than the MPDCCH but should the signal indicate “Sleep/Nothing” or “Wake/Nothing” or “Sleep/Wake”?
Given the signal will not have CRC, the UE can never be 100% sure of the decoding status thus if the signal fails to reach a decoding confidence threshold, the UE should assume Wake to be safe and continue to decode the PO.  This logic is problematic if the eNB would send only a Wake or Nothing because the UE could only go to sleep if the UE is confident the eNB sent nothing. Thus, it makes more sense for eNB to send a SLEEP signal when there is no page coming so the UE can be confident that it is sleeping (skipping the PO) when appropriate. 
But should the eNB also send a Wake signal when there is a page?  There are two advantages to sending both “Sleep/Wake” (i.e. a Sleep signal when there is no page coming and a Wake signal when there is a page coming): 
1. To accommodate UEs in deep coverage the signal will need to be long so if nothing is sent the UE will need to stay awake trying to decode the signal for a long time before giving up, which will consume more battery life. If a signal is always sent and the UE is not in the worst coverage scenario, the UE will likely decode the signal with confidence early, thus saving battery life. 
2. The signal can be design similar to a PSS but with two phases (Sleep/Wake) so that it can also be used to improve warm system acquisition for (e)DRX and PSM modes (see companion document [2] for more details). Using this signal to improve both idle mode performance and system acquisition will reduce overhead compared to two separate signals.
Observation: A signal (e.g. ePSS) which sends both Sleep and Wake indications maximizes battery life and minimizes system acquisition time.
3. Performance Evaluation
In this section, the improvement in battery life over the legacy PO decoding will be discussed. For the purpose of evaluation, the following assumptions are made:

	Constants
	 

	Rx Power (units)
	100

	Light Sleep (units)
	1

	Deep Sleep (units)
	0.015

	To/From Deep Sleep Time (ms)
	25

	Page %
	10%

	ePSS Size (PRBs)
	48

	ePSS Period (ms)
	100


The Rx Power (units), Light Sleep (units) and Deep Sleep (units) come from the agreed assumptions in [3].

The “To/From Deep Sleep Time (ms)” is set at 25ms which assumes the UE uses an XIP (execute in place) and static RAM architecture (not a UE architecture based on DDR RAM where code has to be copied from flash to RAM).
Reference (Legacy)
For the baseline/reference case, the following steps are assumed:

1. Wake from Deep Sleep  @ Rx Power Units

2. Symbol timing using PSS/SSS @ Rx Power Units 
3. Wait  for PO @ Light Sleep 
4. Channel estimation & Decode PO @ Rx Power Units

5. Deep Sleep for eDRX duration @ Deep Sleep Units
As agreed in RAN 1 #88bis, a 5ppm XTAL is to be considered when the device is in sleep mode so the longest sleep time where symbol timing is maintained is 720ms (3.6us/5ppm) (from [2]) thus for all eDRX cycles, step #2: symbol acquisition needs to be performed.
The following values were used for steps 2,3,4  in this evaluation:
	MCL
	144
	154
	164

	#2 Average Sync (PSS/SSS) Time (ms)
	10
	40
	880

	#3 Wait for PO Time (ms)
	10
	250
	1620

	#4 Channel Est. & MPDCCH Time (ms)
	3
	20
	266


Step #2 Average Sync (PSS/SSS) Time
The values for step #2 come from LLS results found in [2].
Step #3 Wait  for PO

Given step #2 is only the average symbol reacquisition time and not the worse-case time (e.g. 90th %tile),  the UE needs to wake up sufficiently early to make sure it has an 90%tile chance of re-acquiring sync before the PO comes so the “Wait for PO” is an additional safety margin for the UE.  So the “Wait for PO” time is the difference between the average and 90th%tile PSS/SSS acquisitions times from the LLS results found in [2].
Results

The power units*ms for the legacy reference case per eDRX cycle can be found in the table below:
	eDRX Cycle
	MCL (dB)

	
	144
	154
	164

	2.56 sec
	3848
	8783
	118717

	5.12 sec
	3886
	8822
	118755

	10.24 sec
	3963
	8899
	118832

	20.48 sec
	4116
	9052
	118985

	40.96 sec
	4424
	9359
	119293

	81.92 sec
	5038
	9974
	119907

	2.73 min
	6267
	11203
	121136

	5.46 min
	8724
	13660
	123593

	10.92 min
	13640
	18575
	128509

	21.85 min
	23470
	28406
	138339

	43.69 min
	43131
	48067
	158000


ePSS Case
For this evaluation of ePSS battery performance, an ePSS Size=48 PRBs and period=100ms is used as it was shown in [2] to strike a good balance between acquisition time and resource usage.

For the ePSS case, the following steps are assumed:

1. Wake from Deep Sleep  @ Rx Power Units

2. Symbol timing using ePSS @ Rx Power Units

if (ePSS=Wake or ePSS NOT detection) then

3. Wait  for PO @ Light Sleep 
4. Channel estimation & Decode PO @ Rx Power Units 
5. Deep Sleep for eDRX duration @ Deep Sleep Units

The following values were used for steps 2,3,4 (values in ms):

	MCL
	144
	154
	164

	#2 Average Sync (ePSS) Time 
    (less ePSS Search Window)
	1
	6
	16

	#3 Wait for PO
	100
	100
	400

	#4 Channel Est & MPDCCH Time
	3
	20
	266

	Detection of ePSS
	99%
	96%
	38%


Note: for the 164 dB MCL, two copies of the ePSS are need for acquisition

Step #2 Average Sync (ePSS)

The values for step #2 come from the LLS simulation results from [2] but they assume the UE knows the location of the ePSS, which it is not 100% true. The location of the ePSS is within in the timing error of the UE which depends on the length of sleep (or eDRX cycle). So for the evaluation, the average sync time is the value in this row plus the timing error which is shown in the table below:
	eDRX Cycles
	Timing 

Error (ms)

	2.56 sec
	0.013

	5.12 sec
	0.026

	10.24 sec
	0.051

	20.48 sec
	0.102

	40.96 sec
	0.205

	81.92 sec
	0.410

	2.73 min
	0.819

	5.46 min
	1.638

	10.92 min
	3.277

	21.85 min
	6.554

	43.69 min
	13.107


#3 Wait for PO 
As shown in the figure below, the ePSS is sent every 100ms with the indication if a page is coming in the next 100ms: 

[image: image1]
So for a UE that only needs 1 ePSS for detection, the worst case “Wait for PO” is 100ms. For a UE that needs, to combine 4 ePSS to get 90th %tile detection (i.e. at 164 dB MCL), it would need have a worst case “Wait for PO” of 400ms. 
Detection of ePSS:
The detection of the ePSS is needed for the evaluation because if the ePSS fails to be detected the UE must stay awake. For the 164 dB MCL case, two ePSS on average are needed to acquire sync but only the last one will contain the Sleep/Wake value for the following 100ms and at 164 dB MCL the detection rate is only 38% (from LLS in [2]) so even if the eNB sends a Sleep value, the UE will need to stay awake 62% of the time.
Results:

The power units*ms for the ePSS case per eDRX cycle can be found in the table below:

	eDRX Cycle
	MCL (dB)

	
	144
	154
	164

	2.56 sec
	2680
	3422
	21894

	5.12 sec
	2718
	3460
	21932

	10.24 sec
	2800
	3542
	22019

	20.48 sec
	2959
	3701
	22183

	40.96 sec
	3277
	4018
	22511

	81.92 sec
	3911
	4653
	23166

	2.73 min
	5181
	5923
	24477

	5.46 min
	7721
	8462
	27098

	10.92 min
	12800
	13541
	32341

	21.85 min
	22958
	23699
	42827

	43.69 min
	43274
	44016
	63798


Comparison of Legacy vs ePSS
The following table calculates the battery life improvement as (Plegacy-PePSS)/PePSS:
	eDRX Cycle
	MCL (dB)

	
	144
	154
	164

	2.56 sec
	44%
	157%
	442%

	5.12 sec
	43%
	155%
	441%

	10.24 sec
	42%
	151%
	440%

	20.48 sec
	39%
	145%
	436%

	40.96 sec
	35%
	133%
	430%

	81.92 sec
	29%
	114%
	418%

	2.73 min
	21%
	89%
	395%

	5.46 min
	13%
	61%
	356%

	10.92 min
	7%
	37%
	297%

	21.85 min
	2%
	20%
	223%

	43.69 min
	0%
	9%
	148%


As seen from the above table:

· The improvement when MCL = 144 dB is marginal because system acquisition is already fairly fast at good SNR

· The biggest gain comes from when MCL≥ 154 dB
Observation: The amount of battery life improvement from ePSS depends on the MCL and eDRX cycle but at high MCLs, there is a significant improvement (up to 440%). 
Proposal: Specify a signal (e.g. an ePSS) to indicate WAKE/SLEEP before the PO (paging opportunity) which can be used to improve battery life and improve system acquisition
4. Conclusions
Observation: A signal (e.g. ePSS) which sends both Sleep and Wake indications maximizes battery life and minimizes system acquisition time.
Observation: The amount of battery life improvement from ePSS depends on the MCL and eDRX cycle but at high MCLs, there is a significant improvement (up to 440%). 

Proposal: Specify a signal (e.g. an ePSS) to indicate WAKE/SLEEP before the PO (paging opportunity) which can be used to improve battery life and improve system acquisition
5. References

[1] RP-170732 “Even Further Enhanced MTC WID”  Ericsson
[2] R1-1708310 Reduced PSS/SSS Acquisition Time Analysis , Sierra Wireless

[3] R1-1706704 Way forward on Downlink channel power efficiency, Ericsson, Qualcomm, Orange
ePSS  SLEEP 


(No Page)





PO with Page





Legacy Paging Opportunities (PO) 





ePSS WAKE 


(Page coming in next 100ms)





ePSS SLEEP


(No Page)





ePSS 100ms  Period








