GPP TSG RAN WG1 Meeting #90


R1-1714107
Prague, Czech Republic, 21th – 25th August 2017

Agenda item:
5.2.6.1 Reduced system acquisition time
Source: 
Sierra Wireless

Title: 
Reduced Acquisition Time Analysis
Document for:
Discussion and decision
1. Introduction
efeMTC WID [1] has an objective to improve the UL spectral efficiency:
Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance

During RAN #88bis, it was agreed to consider the following to reduce PSS/SSS acquisition:
· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design

This tdoc examines two possible solutions to improve system acquisition:

#1 Enhanced PSS: Improve PSS acquisition performance by using dense but infrequent PSS signal (here in refed to as an enhanced PSS (ePSS)). It is also proposed to use the ePSS new paging indication signal to fulfil the efeMTC WID objective:

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.

#2 SIB Change Indication: To reduce the need to always decode SIB1-BR after PSM wake up cycles, introduce a new MIB bit to indicate if the SIB1-BR has changes within a pre-defined period.
2. PSS Acquisition Performance

This concept was 1st submitted at RAN #89 in [7] so this tdoc only summaries the results. For more, detail please refer to [7].
 Use case

It is obvious that PSS acquisition is required after a PSM cycle but depending on the duration of the eDRX interval and the clock drift, PSS acquisition may also be required after a eDRX cycle.  From [3], the maximum allowable timing error is 5% or 3.6 us before performance is degraded.  As agreed in RAN 1 #88bis [2], 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 only 720ms (3.6us/5ppm). A more accurate (< 5ppm) crystal (e.g. a VCTXO) could be used but then the sleep current would be higher.   
Observation: Timing re-acquisition is required for every PSM cycle and for eDRX Cycles > 720ms.
Warm vs Cold Acquisition 
There are two types of acquisition: cold acquisition where the UE has no information about the cell, and the warm acquisition scenario where the UE has some information about the cell.  The cold acquisition scenario only occurs after the UE is powered on or if the UE has moved and lost coverage. The warm acquisition scenario occurs much more often as mentioned above for every PSM cycles and longer eDRX cycles so this should be the focus of optimization.
Observation: The warm acquisition scenario (i.e. the UE knows something about the cell) is much more common and thus should be the focus for optimization.
Base Line PSS/SSS Performance

The baseline performance was studies in [7] which the following observation:

Observation:   PSS/SSS acquistion times at 164 dB MCL are very long: 2.4 seconds for 90th %’tile, and 880ms 50th %’tile.
ePSS 

To improve PSS acquisition time, a dense but infrequent PSS signal (here in refed to as an enhanced PSS (ePSS)) which can also be used as a new paging indication signal to improve DRX performance is proposed. An example of where an ePSS of size 6 PRBs is sent is shown in the figure below:
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The location and size of the ePSS needs to be communicated to the UE via SIB or RRC prior to usage thus the ePSS can only be used for the warm acquisition scenario. Note that the location of the ePSS doesn’t need to be in the center 6 PRBs. 
Proposal: To improve PSS acquisition performance, specify a new enhanced PSS (ePSS) where the location, periodicity, and size are indicated to the UE via system information.

ePSS Performance

Based on LLS simulations (see appendix for simulation assumption), the following % detection rate for various sizes of ePSS and MCLs was obtained:
	MCL
	ePSS Size (in PRBs)

	
	12
	24
	36
	48

	144
	97%
	98%
	100%
	100%

	154
	78%
	91%
	95%
	96%

	164
	6%
	20%
	30%
	38%


Note: The false alarm probability was < 0.1%

As seen from the above table, for 144 and 154 dB MCL, ePSS sizes of ≤24 PRB provides 90% detection but for 164 dB MCL even an ePSS of 48 PRBs does provide 90% detection thus it can be concluded that for 164 dB MCL, the UE will need to combine ePSSs together. 
Observation: Single shot ePSS detection is possible for MCL’s of <=154dB with ePSS sizes of >=24 PRBs

Observation: To support 164 dB MCL, the UE will have to combine ePSS’s.
ePSS Periodicity
The periodicity of the ePSS will affect the resources used and the re-acquisition time.  The following table calculates resource used as a % of a 5MHz system:

	Periodicity
(ms)
	ePSS Size (PRBs)

	
	12
	24
	36
	48

	50
	1.0%
	1.9%
	2.9%
	3.8%

	100
	0.5%
	1.0%
	1.4%
	1.9%

	200
	0.2%
	0.5%
	0.7%
	1.0%

	400
	0.1%
	0.2%
	0.4%
	0.5%


The amount of acceptable overhead is subjective but for reference, the current PSS/SSS takes 0.8% of the resources so values about 2% have been highlighted as RED as possibly undesirable in the above table. The values in GREEN are the options which provide a good trade-off between resources used and acquisition time. Given the ePSS will need to be communicated to the UE, likely via SIB, more than one option can be specified so ePSS sizes in the range of 24-28 PRBs and ePSS periodicity in the range of 50-200ms strike a good balance between resource overhead and acquisition performance.
Observation:  An ePSS size ranging from 24-48 PRBs with a periodicity of 50-200ms strikes a good balance between overhead and acquisition performance
Infrequent ePSS eliminates the need to decode PBCH 

Since the ePSS is not sent every 10ms (like the PSS/SSS), but more infrequently (e.g. every 50ms) and is sent at a known System Frame Number (SFN), the UE can use the ePSS instead of the PBCH to confirm the SFN.  However, for very long PSM sleeps, the UE will still need to decode PBCH if the timing error is beyond ½ the ePSS periodicity.  The longer the ePSS periodicity, the longer the UE may sleep without decoding the PBCH. The following table shows how long a UE may sleep assuming a ±5PPM XTAL:
	ePSS Periodicity (ms)
	Maximum Sleep Time
(Hrs)

	50
	1.4

	100
	2.8

	200
	5.6

	400
	11.1


Observation: Transmitting ePSS at a known SFN often eliminates the need for the UE to decode PBCH. 
UE Complexity
The UE complexity required to decode the ePSS was studied in [7] with the following observations:

Observation:  A well-designed ePSS of size 12 PRBs will take approximately the same amount of computations as legacy PSS/SSS decode.

Conclusion: For the eDRX use case, an ePSS of size 24-48 PRBs can be supported by batch process the ePSS without increase CPU requirements beyond those required for legacy PSS/SSS decoding. 
Paging Indication with ePSS 
In [1] we have the further objective to improve the power consumption of idle mode:

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.
In RAN #89, the following was agreed:

· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information

· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS
· Connected mode DRX is FFS
All the above options are discussed and analyzed in detail in a companion tdoc [9]. In this tdoc, we proposal is to use the highlighted option “Wake-up with no DTX” so that the ePSS is used both for synchronization and 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)), this would save on design and resource usage.  The following figure exemplifies the concept:
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Figure: Example ePSS with Sleep/Wake Indicator

There are many ways the ePSS could indicate Sleep or Wake:  send the complex conjugated of the ePSS, send different roots, scrambling ePSS differently, etc.  The different methods should be studied to minimize CPU requirements and minimize performance loss.
The concept of using the ePSS as a page indication was analysed in more depth in Sierra’s companion tdoc [6 and 9].  From [9], the following amount of power savings can be obtained in idle eDRX mode: 
	eDRX Cycle
	MCL (dB)

	
	144
	154
	164

	2.56 sec
	44%
	157%
	445%

	5.12 sec
	43%
	155%
	445%

	10.24 sec
	42%
	151%
	443%

	20.48 sec
	39%
	145%
	440%

	40.96 sec
	35%
	133%
	433%

	81.92 sec
	29%
	114%
	420%

	2.73 min
	21%
	89%
	398%

	5.46 min
	13%
	61%
	358%

	10.92 min
	7%
	37%
	299%

	21.85 min
	2%
	20%
	224%

	43.69 min
	0%
	9%
	148%


Note: the above assumes that 10% of the time a page is sent at the PO and ePSS is sent every 100ms with size=48 PRBs. Other assumptions can be found in [6 and 9].
Proposal: Select the “Wake signal with no DTX” candidate for the physical signal indicating whether the UE needs to decode subsequent physical channel(s).

3. Skip SIB1-BR Decoding

Currently, a eMTC UE needs to decode at least SIB1-BR to get the “systemInfoValueTag” every PSM cycle. SIB1-BR decoding at high MCL take a lot of time and use lot of UE power. From [8], at 164dB MCL, the SIB1-BR decoding time is:

50th percentile
320 ms

90th percentile
570 ms

Alternate Solutions:

The time could be reduced by increasing the number of SIB1-BR repeats, but this would increase overhead.

[8] suggests a solution using two MIB bits to indicate a SIB1-BR version that is broadcasted – but given there are only 5 spare MIB bits, this would only leave 3 bits for any future expansion which is not desirable. An additional issue with the proposal, is if the SI change is not within the predefined sets, the UE would have to return to fallback to legacy operation of decoding SIB1-BR each PSM but given the long PSM cycles possible, e.g.  413 days, the fallback operation would have to last 413 days which is a very long period.
Another possibility is to use a short version of the “systemInfoValueTag” in the MIB, as is done for NB-IOT, but this would also use too many bits and have wrap around issues.

Proposed Solution:
It is proposed to use 1 bit in MIB as an indication of when SIB1-BR changed which would indicate to the UE if the UE needs to read the SIB1-BR (herein referred to as the SIBChangeInd bit). The eNB would set the SIBChangeInd bit to “1” for X hours after the SIB1-BR has changed where X is configurable and broadcasted via SI information (e.g. SIB2). X can be set differently on each network depending on how often SI changes for that MNO. In most cases, SI information changes very rarely (e.g. monthly) so a longer value of X likely most optimal e.g. X could be 12 hours.

The Process: When a UE wakes up from PSM, it follows this simple logic
If (UE has been asleep for > X Hours) or (SIBChangeInd =1)


UE must decode SIB1-BR

Else 


UE Skips SIB1-BR decoding 

This means if SIB1-BR has not changed, the UE would not have to decode SIB1-BR and given SIB1-BR doesn’t change often, this should normally be the case.  If there is a SIB1-BR change, a UE will then be required to decode SIB1-BR during the X hours (e.g. 12 hours) but this is what the UE would have to do without the proposed change indicator.
The advantages of this proposal are:

1. Only one MIB bit needs to be assigned. 

2. The proposal targets the problematic shorter PSM cycles (e.g. < 8 hours) where achieving 10 years of battery life is challenging, versus the case where UE wakes up less frequently (> 1 per day) where 10 year of battery life is easier. 

3. There is no possibility of count wrap around errors which can occur with a short version of the “systemInfoValueTag”.

A practical refinement could be that the time the SIBChangeInd bit is set to 1 by the eNB should be set slightly longer than the change period X to assure that it is actioned by UEs that have slow clocks relative to the system time and PSM cycles of X hours. For example, if a UE awakes after 12 hours plus some error time, and the bit is set to 1 for 12 hours, there is a small chance the UE could potentially have missed the change indicator. If the change indicator is set for 12 hours plus an amount of time designed to be more than the worst case expected UE clock drift in a 12 hour period, this will corner case will not occur. 
Proposal: Select the “Wake signal with no DTX” candidate for the physical signal indicating whether the UE needs to decode subsequent physical channel(s) where the physical signal is the ePSS.

4. Conclusions
ePSS

Observations:

· Timing re-acquisition is required for every PSM cycle and for eDRX Cycles > 720ms
· The warm acquisition scenario (i.e. the UE knows something about the cell) is much more common and thus should be the focus for optimization.
· Legacy PSS/SSS acquistion times at 164 dB MCL are very long: 2.4 seconds for 90th %’tile, and 880ms 50th %’tile.
· Single shot ePSS detection is possible for MCL’s of <=154dB with ePSS sizes of >=24 PRBs

· To support 164 dB MCL, the UE will have to combine ePSS’s.
· An ePSS size ranging from 24-48 PRBs with a periodicity of 50-200ms strikes a good balance between overhead and acquisition performance
· Transmitting ePSS at a known SFNs often eliminates the need for the UE to decode PBCH. 
· A well-designed ePSS of size 12 PRBs will take approximately the same amount of computations as legacy PSS/SSS decode.

· For the eDRX use case, an ePSS of size 24-48 PRBs can be supported by batch process the ePSS without increase CPU requirements beyond those required for legacy PSS/SSS decoding. 
Proposal: To improve PSS acquisition performance, specify a new enhanced PSS (ePSS) where the location, periodicity, and size are indicated to the UE via system information.

Proposal: Select the “Wake signal with no DTX” candidate for the physical signal indicating whether the UE needs to decode subsequent physical channel(s) where the physical signal is the ePSS.

SIB Change Indication

Proposal: Assigning one MIB bit as an indication to the UE that SIB1-BR changed within the last X hours where X is indicated to the UE via system information.
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