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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 #88, 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
During RAN #90bis, it was agreed to consider the following to reduce PSS/SSS acquisition:

· Additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance for UEs with apriori information (on top of the assumptions for evaluation of reduced system acquisition time already agreed in R1-1706583):

· Carrier and cell are assumed to be known to the UE.

· The system information is assumed to be unchanged.

· UE power consumption model from the power saving signal evaluation assumptions in R1-1714992

· RTC timing drift model from the power saving signal evaluation assumptions in R1-1714992

· Scenarios B and C from the power saving signal evaluation assumptions in R1-1714992

· Further scenario D: 4-hour Power Saving Mode (PSM)

· Additional evaluation metrics that should be reported if the proponent of a proposed solution think they are relevant and significantly impacted by the proposed solution (on top of the metrics listed in R1-1706583):
· Performance impact on legacy UEs

· UE power consumption impact

· Inter-cell interference sensitivity

· Additional assumptions that are used in the evaluation should be declared.

This tdoc examines the acquisition performance and power savings performance when using new re-synchronization signal (a.k.a. the enhanced PSS (ePSS)).
2. ePSS Description

To improve acquisition time, more sync resources are needed. A similar concept was studied during the Rel 13 eMTC WI in [3] where a dense block of PSS (i.e. ePSS) was sent periodically. 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 but the warm acquisition use case was the agreed use case for evaluation at RAN#90bis – see agreement:

· Carrier and cell are assumed to be known to the UE.

· The system information is assumed to be unchanged.
Note that the location of the ePSS doesn’t need to be in the center 6 PRBs, they do not need to be 6 PRB wide, and they do not need to be contiguous. 

3. ePSS Acquisition Performance

This section includes the LLS results for the new proposed ePSS vs legacy PSS/ SSS for scenario D: 4-hour Power Saving Mode (PSM). 
In the simulations, we use transmit diversity with antenna switching every 2 ms. Based on LLS simulations (see Appendix and [2] for simulation assumptions), the following % detection rate for a single ePSS was measured:

	MCL (dB)
	ePSS Size (in PRBs)

	
	12
	24
	48

	144
	98.05%
	99.7%
	99.8%

	154
	82.6%
	95%
	97.9%

	164
	9.3%
	20.6%
	47.8%


Note: The false alarm probability is 1% and the ePSS is sent every 100 ms

Based on the above table, the average (i.e. 50%’tile) and 90% tile ePSS system acquisition time can be calculated as follows:

Acquisition Time = ePSS Period*Percentile+ ePSS Period*(Number Of ePSS-1)+ePSS_length

Where


“Number Of ePSS” is the number of ePSS needed to reach a certain percentile detection.
For example, for the ePSS size 12 PRB, 90th%tile, 100ms ePSS Period at 154dB MCL case, we need 2 ePPS to achieve 90th%’tile so the “Number of ePSS”=2 and ePSS_length=2 so the Acquisition Time = 100*.9+100*(2-1)+2=192 ms
For the legacy PSS/SSS LLS, the detection method used combines both the PSS and SSS sequences to increase the correlation length and thus detection performance. 
The table below shows the average and the 90th %’tile acquisition time versus MCL for the ePSS with periodicity of 100 ms and the legacy PSS/SSS.
	MCL
	Average acquisition time (ms)
	90th %’tile acquisition time (ms)

	
	PSS/SSS
	ePSS
size (PRBs)
	PSS/SSS
	ePSS

size (PRBs)

	
	
	12
	24
	48
	
	12
	24
	48

	144 dB
	10
	52
	54
	58
	20
	92
	94
	98

	154 dB
	40
	52
	54
	58
	280
	192
	94
	98

	164 dB
	880
	752
	354
	158
	2400
	2392
	994
	398


Due to the higher periodicy of the ePSS signal (i.e. 100ms), the legacy PSS/SSS has lower average acquisition times at 144 and 154 dB when compared to the ePSS. On the other hand, at 90%tile detection the ePSS has lower acquisition times at 154 and 164 dB. The 90th%’tile detection time is very important in the reduction of latency. More specifically, a 2.4 second acquistion time for the legacy PSS/SSS at 164 dB MCL makes it difficult to meet the 10 second latency specified for mMTC 5G requirements in TR 38.913. Also for the legacy PSS/SSS, the average acquisition time of 880ms at 164 dB MCL will make it hard to meet the 10-15 years of battery life specified for mMTC 5G requirements in TR 38.913. 
Observation:  The average and 90th%’tile ePSS acquisition times are significantly lower than that of the legacy PSS/SSS signal at MCLs >= 154dB.

4. ePSS eliminates the need to decode PBCH 

Since the ePSS is not sent every 5ms (like the PSS/SSS), but more infrequently (e.g. every 100ms) and is sent at a known System Frame Number (SFN), the UE can use the ePSS instead of the PBCH to confirm the SFN when it loses SFN synchronization (i.e. timing error is >10ms).  However, for longer 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)

	100
	2.8

	200
	5.6

	400
	11.1


To avoid PBCH decoding completely, the UE may wake up more frequently (e.g. every 2.8 hrs) to decode the ePSS to ensure the timing error doesn’t exceed the ePSS period. 
For a ePSS of periodicity of 100ms and XTAL of 5PPM, the following table shows when PBCH needs to be decoded:
	Scenario
	Sleep Time
	Timing Error
	PSS/SSS Case:

PBCH Decoding Needed
	ePSS Case:

PBCH Decoding Needed

	B
	20.48 Sec
	0.8 ms
	No
	No

	C
	327.68 Sec
	13.1 ms
	Yes
	No

	D
	4 hours
	288 ms
	Yes
	Yes


5. ePSS Power Savings

This section contains the battery life evaluation for synchronization via ePSS vs synchronization via legacy PSS/SSS. The following table illustrates the synchronization operation for the different scenarios using the legacy as well as the ePSS signal. Depending on the sleep cycle, some scenarios will require the UE to decode the PBCH after and some will not.  

	Sleep Cycle
	Legacy
	ePSS

	20.48Ssec (B)
	From Med Sleep

PSS Detection

PBCH Decode

 


	From Med Sleep

ePSS Detection

 



	327.68 Sec (C)
	From Med Sleep

PSS Detection

PBCH Decode

 


	From Med Sleep

ePSS Detection

 



	14400 Sec (D)
	From Deep Sleep

PSS Detection

PBCH Decode

 


	From Deep Sleep

ePSS Detection

PBCH Decode

 




Keeping in mind that, for high MCLs, multiple ePSSs will need to be combined as described earlier in section 3.  The figure below shows an example of the UE behaviour when 3 ePSSs are combined:
	From Deep Sleep

			To Light Sleep

			From Light Sleep

			To Light Sleep

			From Light Sleep

			
		ePSS Detection

					ePSS Detection

					ePSS Detection

	PBCH Decode


	 

		 

	Light Sleep

	 

		 

	Light Sleep

	 

		

	


Based on LLS with assumption from [2], the following PBCH Decodes times using a correlation decoder were obtained and used for this evaluation:

	BPCH Detection Times
	144dB MCL
	154dB MCL
	164dB MCL

	50th Percentile detection time (ms)
	10
	20
	100


The ePSS periodicity was set to 100ms for this battery life evaluation. 

Based on LLS with assumption from [2], the following average ePSS decodes times (msec) were used for this evaluation: 
	Sleep 

Cycle
	ePSS Size (PRBs)

	
	12
	24 
	48 

	20.48Ssec (B)
	1,102
	404
	208 

	327.68 Sec (C) 
	1,615
	717
	321

	14400 Sec (D) 
	2,352
	954
	358


The following table shows the power savings that resulted from using the ePSS when compared to the legacy PSS/SSS (using the 50%tile acquisition times).
	ePSS Size (PRBs)
	Sleep Cycle
(Scenario)
	MCL

	
	
	144 dB
	154 dB
	164 dB

	12
	20.48Ssec (B)
	47%
	21%
	7%

	
	327.68 Sec (C) 
	85%
	38%
	18%

	
	14400 Sec (D) 
	135%
	139%
	67%

	24
	20.48Ssec (B)
	53%
	24%
	4%

	
	327.68 Sec (C) 
	91%
	41%
	10%

	
	14400 Sec (D) 
	137%
	109%
	43%

	48
	20.48Ssec (B)
	66%
	29%
	2%

	
	327.68 Sec (C) 
	103%
	46%
	3%

	
	14400 Sec (D) 
	140%
	111%
	31%


The power savings are significant at 164 dB MCL but power savings can be obtained at all coverages for scenarios B and C. Also, at MCL=164 dB, bigger ePSS sizes result in more power savings. However, the legacy PSS performance is acceptable for longer sleep cycles at good coverage conditions.  
Observation: Significant power savings can be obtained at all coverages for scenarios B and C using a new re-synchronization signal.

Observation: Significant power savings can only be obtained at 164 dB MCL for scenario D using a new re-synchronization signal.
Proposal: Specify a new re-synchronization signal with variable sizes and periodicities.
6. ePSS Periodicity and Resources Used
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
	48

	100
	0.5%
	1.0%
	1.9%

	200
	0.2%
	0.5%
	1.0%

	400
	0.1%
	0.2%
	0.5%


The amount of acceptable overhead has not been agreed. For reference, the current PSS/SSS takes 0.8% of the resources so values about 2% have been highlighted as RED in the above figure as these are likely unacceptable by operators.

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 12-48 PRBs and ePSS periodicity in the range of 100-400ms strike a good balance between resource overhead and acquisition performance.

7. UE Complexity

In general, increases in PSS resources will increase the computational requirement on the UE but careful design of the ePSS can significantly lower the computational requirements.  Ideally, the ePSS processing should not be greater than the process required by the legacy PSS/SSS.

The techniques and designs used in the NPSS can be taken as a starting point where the reduced BW of the NPSS allows sub-sampling 240ksps, and a cover code allows recursive computation of sliding auto-correlation which improves coherent detection. From [4], the NPSS requires 25.62 MOPS.  Using an overlap and add FFT method, the legacy PSS/SSS detection requires about 310 MOPS which is ~12X that of NPSS. A well designed ePSS (i.e. based on NPSS principals) will require 12X fewer computations than the legacy PSS/SSS of the same size thus a ePSS of size 12 PRBs will take approximately the same amount of computations as a legacy PSS/SSS decode.
Observation:  A well-designed ePSS of size 12 PRBs will take approximately the same amount of computations as legacy PSS/SSS decode.

However larger ePSSs can be supported for the eDRX case without increased MOPS because the UE will have a search window to look for the ePSS (i.e it has some rough idea of where the ePSS is). This search window length depends on the length of the eDRX cycle and the accuracy of the XTAL. The search window allows a UE to batch process the ePSS.  The following table shows the timing error or search window time for different eDRX lengths assuming 20ppm XTAL accuracy.  It also shows the ePSS batch Processing Time (ms) assuming a 300 MOPS CPU and an ePSS Size of 24 PRBs:

	eDRX Cycle
	Timing Error
/Search Window (ms)
	ePSS Batch Processing 
Time (ms)

	20.48 sec
	0.8
	1.6

	327.68 sec
	13.1
	26.2


The above table shows that even for an eDRX interval of 327.68sec, a 300MOPS UE can finish decoding the ePSS of size 24 PRBs in less than 27ms. The following conclusion can be made:

For the PSM use case, where the search window would be very large, the UE can still do batch processing but the acquisition time now depends directly on the CPU processing power of the UE. e.g. If the ePSS is 24 PRBs and the UE has no increase in CPU, it will take 2x longer to perform the ePSS acquisition. 

8. Conclusions
Observation:  The average and 90th %’tile ePSS acquisition times are significantly lower than that of the legacy PSS/SSS signal at MCLs >= 154dB.

Observation: Significant power savings can be obtained at all coverages for scenarios B and C using a new re-synchronization signal.

Observation: Significant power savings can only be obtained at 164 dB MCL for scenario D using a new re-synchronization signal.
Proposal: Specify a new re-synchronization signal with variable sizes and periodicities.

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









	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	43 dBm per TX port

	System BW
	10 MHz

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	144, 154, 164 dB
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