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1 Introduction
To make sure RAN1’s efforts WRT to power saving are focused in the place, this tdoc calculates the power used in each major process within a typical MTC use case so that the highest power processes can be the focus of improvement.   Power consumption results are calculated using the Rel12 Power Saving Mode (PSM) and the extended connected mode DRX (ec-DRX)** mode. 

The MTC use case used in all the power consumption calculations (except 2.6):


TX 100 bits 4 times per hour


RX 100 bits 4 times per hour


MCL 155.5 dB (deep coverage enhancement required)

PA 20 dBm (assumes 18dB coverage gain required for PUSCH)

Battery Size 5 Watt-H

Other detailed constants and assumptions used in the power consumption model are given in the Annex.

** Note: ec-DRX is a possible new Rel 13 RAN2 led work item. 

2 Power Consumption Results
2.1 Base line 
The baseline doesn’t include any power saving techniques (however, 9 SF channel estimation averaging is used for PUSCH):

	 
	ec-DRX
	PSM

	 
	mWH 
per Day
	% Power
 Used
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	0.7%
	0.3
	0.2%

	PSS/SSS Acquisition 
	1.0
	2.6%
	1.0
	0.6%

	MIB Acquisition 
	0.8
	2.2%
	0.8
	0.5%

	SIB Acquisition 
	9.5
	26.0%
	9.5
	5.6%

	RX RRC Request 
	0.0
	0.0%
	2.7
	1.6%

	TX RRC Request 
	0.0
	0%
	131.2
	77.1%

	TX Bits
	23.1
	63%
	23.1
	14%

	RX Bits
	1.1
	3.0%
	1.1
	0.6%

	DRX Decode PO
	0.5
	1.3%
	0.0
	0.0%

	Deep Sleep
	0.4
	1.2%
	0.4
	0.3%

	Battery Life (Months)
	4.5
	 
	1.0
	 


Proposal –The PUSCH and SIB use the majority of power and thus should be the main targets for power consumption optimization.
2.2 Increase 2X DMRS

As shown by [3], increasing PUSCH DMRS density by 2X reduces required PUSCH repetitions to 180 (from 250). The below table includes power calculations utilizing increased PUSCH DMR Density: 
	 
	ec-DRX
	PSM

	 
	mWH 
per Day
	% Power
 Used
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	0.9%
	0.3
	0.2%

	PSS/SSS Acquisition 
	1.0
	3.2%
	1.0
	0.7%

	MIB Acquisition 
	0.8
	2.7%
	0.8
	0.6%

	SIB Acquisition 
	9.5
	31.5%
	9.5
	7.4%

	RX RRC Request 
	0.0
	0.0%
	2.7
	2.1%

	TX RRC Request 
	0.0
	0%
	97.1
	75.0%

	TX Bits
	16.7
	55%
	16.7
	13%

	RX Bits
	1.1
	3.6%
	1.1
	0.8%

	DRX Decode PO
	0.5
	1.6%
	0.0
	0.0%

	Deep Sleep
	0.4
	1.5%
	0.4
	0.3%

	Battery Life (Months)
	5.5
	 
	1.3
	 


Observation –Increasing DMRS density, significantly improves battery life for both the PSM (30%) and ec-DRX modes (22%).

Proposal – Increasing PUSCH DMRS density should be standardized as a Coverage Enhancement mechanism.
Observation – Even with increased in DMRS density, PUSCH power still dominates the power budget especially for PSM mode.

2.3 72 PUSCH repeats
Companies have proposed using techniques such frequency hopping, and increased UL PSD (i.e. narrower transmissions) to decrease the number of repetitions needed.  The following table shows the resulting power savings if the PUSCH repetitions could be reduced down to 72 which appears possible from [3]:
	 
	ec-DRX
	PSM

	 
	mWH 
per Day
	% Power
 Used
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	1.3%
	0.3
	0.4%

	PSS/SSS Acquisition 
	1.0
	4.7%
	1.0
	1.4%

	MIB Acquisition 
	0.8
	4.0%
	0.8
	1.2%

	SIB Acquisition 
	9.5
	47.1%
	9.5
	14.3%

	RX RRC Request 
	0.0
	0.0%
	2.7
	4.0%

	TX RRC Request 
	0.0
	0%
	44.3
	66.4%

	TX Bits
	6.7
	33%
	6.7
	10%

	RX Bits
	1.1
	5.4%
	1.1
	1.6%

	DRX Decode PO
	0.5
	2.4%
	0.0
	0.0%

	Deep Sleep
	0.4
	2.2%
	0.4
	0.7%

	Battery Life (Months)
	8.2
	 
	2.5
	 


Observation – A reduction in PUSCH repeats to 72, results in significant (>90%) battery life improvements for PSM and (49%) for ec-DRX mode.
Proposal –Continue investigating PUSCH power saving mechanisms such as increased PSD (via narrow band PUSCH).

2.4  (e)PDCCH-LESS SIB-M
Companies have proposed using a fixed scheduled SIB (or a (e)PDCCH-LESS) SIB and a new MTC only SIB (herein referred to as SIB-M) to reduce power (and network resources). So this section analyses the associated power savings of such an optimization. The following table shows the resulting power saving if a new (e)PDCCH-Less SIB-M is used (includes the other PS techniques from above):
	 
	ec-DRX
	PSM

	 
	mWH 
per Day
	% Power
 Used
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	2.1%
	0.3
	0.4%

	PSS/SSS Acquisition 
	1.0
	7.5%
	1.0
	1.6%

	MIB Acquisition 
	0.8
	6.3%
	0.8
	1.4%

	SIB-M Acquisition 
	2.1
	16.6%
	2.1
	3.6%

	RX RRC Request 
	0.0
	0.0%
	2.7
	4.5%

	TX RRC Request 
	0.0
	0%
	44.3
	74.7%

	TX Bits
	6.7
	52%
	6.7
	11%

	RX Bits
	1.1
	8.4%
	1.1
	1.8%

	DRX Decode PO
	0.5
	3.8%
	0.0
	0.0%

	Deep Sleep
	0.4
	3.4%
	0.4
	0.7%

	Battery Life (Months)
	13.0
	 
	2.8
	 


Observation: Using a new (e)PDCCH-less SIB-M, the PSM battery life didn’t change much since it is still very dominated by PUSCH but the ec-DRX mode improved significantly (59%).
Proposal – Send LS to RAN2 to consider using a new (e)PDCCH-LESS SIB-M to save MTC UE power consumption.

2.5 SIB Change check

Even after optimization via an (e)PDCCH-LESS SIB-M, SIB-M acquisition still takes a large part of the ec-DRX power budget (~16%).   Since determining if the SIB-M has changed vs fully re-acquiring the SIB-M should technically be a much easier task under challenging RF conditions, there could be UE implementation methods to reduce power consumption for this task. 

A possible UE implementation solution could be for the UE to correlate the last know SIB with the currently received SIB and compare against a threshold. The threshold needs to be chosen so that the false positives (i.e. UE thinks SIB has NOT changed when it has) are kept very low (e.g. 1e-4). Sierra’s initial simulations for such an approach looks promising but needs more investigation. Given initial estimates, 3 copies of SIB-M are needed to achieve a good detection rate (e.g. >95% and a false positive rate of <1e-4) thus those values are used for the power consumption calculation below but these are only preliminary values and need further confirmation (also includes other PS technique from above):

	 
	ec-DRX
	PSM

	 
	mWH 
per Day
	% Power
 Used
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	2.5%
	0.3
	0.5%

	PSS/SSS Acquisition 
	1.0
	8.9%
	1.0
	1.7%

	MIB Acquisition 
	0.8
	7.5%
	0.8
	1.4%

	SIB Acquisition 
	0.0
	0.4%
	0.0
	0.1%

	RX RRC Request 
	0.0
	0.0%
	2.7
	4.7%

	TX RRC Request 
	0.0
	0%
	44.3
	77.4%

	TX Bits
	6.7
	62%
	6.7
	12%

	RX Bits
	1.1
	10.1%
	1.1
	1.9%

	DRX Decode PO
	0.5
	4.6%
	0.0
	0.0%

	Deep Sleep
	0.4
	4.1%
	0.4
	0.8%

	Battery Life (Months)
	15.5
	 
	2.9
	 


Observation - Using a SIB change check mechanism, the power consumption for SIB has dropped below 1% and is quite effective and improving battery life for DRX mode (+19%).
Even though this is a UE implementation method and doesn’t require any standardization changes, how often the SIB-M repeats are sent will be standardized. Thus RAN1 should consider these UE implementation methods when standardizing repetition frequency.
Proposal – Before setting SIB repetition frequency, investigate UE implementation methods, such as SIB correlation, to reduce SIB change checking time.

2.6 PSS/SSS Acquisition Time and PO decode
Given the use case used above (i.e. TX 100bits every 15min), the PSS/SSS and PO decoding does not take a large % of the power. However if the transmissions were less frequent but the application still needed to receive the spontaneous commands (i.e. mobile terminated commands), the PSS/SSS and PO decoding will then dominate the power used.  Below is the power break down for such a scenario with ec-DRX is 15min and TX 100 bits once per day:
	 
	ec-DRX

	 
	mWH 
per Day
	% Power
 Used

	Wake from Deep Sleep
	0.3
	15.0%

	PSS/SSS Acquisition 
	0.5
	27.1%

	MIB Acquisition 
	0.0
	0.5%

	SIB Acquisition 
	0.0
	0.0%

	RX RRC Request 
	0.0
	0.0%

	TX RRC Request 
	0.0
	0%

	TX Bits
	0.1
	4%

	RX Bits
	0.0
	0.6%

	DRX Decode PO
	0.5
	27.8%

	Deep Sleep
	0.4
	25.0%

	Battery Life (Months)
	94.0
	 


Observation: For use cases with few transmissions (e.g. once per day), the PSS/SSS acquisition and PO decoding uses more than 50% of the power for ec-DRX mode.
One solution which could be investigated is for the eNB to ensure all UE’s using CE mode and long DRX are assigned to the same PO (paging opportunity) (i.e. wake up at the same time), then the PSS/SSS density is increased for e.g. 500ms before this PO to improve PSS/SSS acquisition time. 
Another solution could be to create a new quick sleep indicator (QSI) physical channel. The QSI would indicate if the MTC UE (or the group, the MTC UE is assign in), needs to stay awake and decode the PO as per legacy procedures or can go quickly back to sleep and skip PO decoding. To decode the QSI channel, the UE would NOT be required to decode the PSS/SSS first. 
Proposal – Investigate techniques, such as increasing PSS/SSS density and a quick sleep indicator channel, to reduce PSS/SSS acquisition and PO decoding times. 
3 Conclusions and Summary
The following table contains a summary of the battery life for various possible standards improvements which could be made:
	Power Save Optimization
	ec-DRX
	PSM

	
	Battery Life (months)
	% improvement
	Battery Life (months)
	% improvement

	None
	4.5
	NA
	1
	NA

	+ Increase PUSCH DMRS
	5.5
	22%
	1.3
	30%

	+ 72 PUSCH repeats
	8.2
	49%
	2.5
	92%

	+ (e)PDCCH-Less SIB-M
	13
	59%
	2.8
	12%

	+ SIB change check
	15.5
	19%
	2.9
	4%


Proposal –The PUSCH and SIB use the majority of power and thus should be the main targets for power consumption optimization.

Observation –Increasing DMRS density, significantly improves battery life for both the PSM (30%) and ec-DRX modes (22%).

Proposal – Increasing PUSCH DMRS density should be standardized as a Coverage Enhancement mechanism.

Observation – Even with increased in DMRS density, PUSCH power still dominates the power budget especially for PSM mode.

Observation – A reduction in PUSCH repeats to 72, results in significant (>90%) battery life improvements for PSM and (49%) for ec-DRX mode.

Proposal –Continue investigating PUSCH power saving mechanisms such as increased PSD (via narrow band PUSCH).

Observation: Using a new (e)PDCCH-less SIB-M, the PSM battery life didn’t change much since it is still very dominated by PUSCH but the ec-DRX mode improved significantly (59%).

Proposal – Send LS to RAN2 to consider using a new (e)PDCCH-LESS SIB-M to save MTC UE power consumption.

Observation - Using a SIB change check mechanism, the power consumption for SIB has dropped below 1% and is quite effective and improving battery life for DRX mode (+19%).

Proposal – Before setting SIB repetition frequency, investigate UE implementation methods, such as SIB correlation, to reduce SIB change checking time.

Observation: For use cases with few transmissions (e.g. once per day), the PSS/SSS acquisition and PO decoding uses more than 50% of the power for ec-DRX mode.
Proposal – Investigate techniques, such as increasing PSS/SSS density and a quick sleep indicator channel, to reduce PSS/SSS acquisition and PO decoding times. 
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Annex – Detailed Power Calculation Assumptions 
Power Usage in each State:

TX (20 dBm):

1100 mWatts

Rx:
 

500 mWatts

Snooze:

250 mWatts (CRS only processing)
Deep Sleep:

0.0185 mWatts

Wake from Deep sleep Time = 20ms

Data Rates:

PUSCH UL data rates [3]
· Baseline 0.128kbps (based on 250 repeats w/9 SF Ch. Est Averaging)
· Increase DMRS 0.18kbps  (based on 180 repeats)
· 72 repeats 0.444 kbps (based on 72 repeats)
PDSCH DL Data Rate 1.4 kbps  (including (e)PDCCH Decoding)
Using average PSS/SSS MIB SIB Acquisition Time:
The power model used herein doesn’t use the 99th percentile acquisition times for PSS,SSS,MIB and SIBs but rather uses the average acquisition time since this better represents the power the UE would be used on average.  For DRX model, it is recognized that the UE must make sure it wakes up early enough to still decode the PO (paging opportunity) so UE needs to assume 99%tile decoding. However, after UE successfully decodes PSS/SSS,MIB, and SIB, the  UE can go into a “sleep mode” until PO is sent. This factor is considered in the model for DRX mode.
PSS/SSS mean acquisition – 60+60ms = 120ms
MIB mean acquisition time – 110ms [4]
SIBs
· It assumes SIBs do not change so only SIB1 and SIB14 need to be decoded [2]
· SIB1 

· (e)PDCCH mean acquisition time 15 repeats

· PDSCH mean acquisition time of 20 repeats
· Repeats every 20ms

· SIB14 

· (e)PDCCH mean acquisition time 15 repeats

· PDSCH mean acquisition time of 15 repeats

· Repeats every 40ms

· PDCCH-Less SIB-M 
· (e)PDCCH not needed 

· PDSCH mean acquisition time of 20 repeats

· Repeats every 20ms
· SIB correlation check – 3 copies needed
· Mean decode of Paging Opportunity for DRX mode– 15 ePDCCH repeats

Other Misc Constants:

RRC UL/DL data volume based on [1] TR 36.882 Section 5.2.1

Time between user plane TX 100 bits and Rx 100 bits (ack) = 10 ms
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