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1. Introduction
In this contribution, we analyze and propose a re-synchronization signal (RSS) design and optimize its parameters (duration, and bandwidth). We study its single shot detection performance using different configurations. Finally, we discuss the other open issues:

· Single shot vs combined

· Length

· Periodicity

· location
2. RSS Design

Four RSS designs were evaluated, one 6 PRBs wide RSS and three 2 PRBs wide RSSs. It will be assumed here that all RSS alternatives will have the same duration but the 2 PRBs design will be boosted by 4.7 dB (10Log(3)) such that they both use the same effective resources. Fig. 1 below shows an example of the layout of the RSS alternatives assuming an RSS duration of 8 ms and the 2 PRBs RSS is 3X PSD boosted.
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	Figure 1. The 6 PRBs and 2 PRBs RSS design alternatives


The RSS designs are constructed using a base sequence R of length L OFDM symbols which is repeated across the OFDM symbols for the desired number of sub-frames M. The RSS designs use L=1 or L=12 (1 SF).  A cover code is applied to the L symbols based on either (R, -R) or (R, R*). The figure below shows an example of an L=1 OFDM symbol long base sequence placed in a sub-frame, assuming 12 OFDM symbols are available, using a cover code Q=[0 1 0 1 1 0 1 0 0 1 1 1].
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	Figure 2. The 2 base sequence alternatives (R,-R) and (R, R*)


Moreover, 2 variants of the cover code sequences were considered, a long cover code approach which spans the length of the RSS sequence and a short cover code approach where short ones are repeated. The figure below shows an example of the use of two 48 elements (i.e. 4 SFs) long cover codes (cc1 and cc2) that are repeated 4 times (2 repetition patters are shown) to constitute an RSS of length = 32 ms (32 sub-frames).
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	Figure 3. Two repetition patterns used for two 48-elements long cover codes to form a 32 ms duration RSS


The cover codes cc1 and cc2 are chosen such that they have good cross-correlation properties. The main advantage of using repeated short cover codes is that the computations required to apply the cover code are reduced by the factor of repetition – in this case it is a 4X reduction.
The following table outlines the four RSS design alternatives that were studied (assuming a 32 ms RSS length): 

	Table 1. RSS alternatives for a 32 ms long RSS

	
	6 PRBs 
	2 PRBs

	
	Design # 1
	Design # 2 Long Cover Code
	Design # 3 R/R* Cover Code
	Design # 4 Repeat Cover Codes 

	Base sequence length L
	1 symbol-long ZC
	1 symbol-long ZC
	1 sub-frame-long ZC
	1 symbol-long ZC

	Base sequence placement
	(R, -R)
	(R, -R)
	(R, R*)
	(R, -R)

	Cover code
	384-elements long truncated gold sequence
	384-elements long truncated gold sequence
	32-elements long truncated gold sequence
	Two 48-elemnts long truncated gold sequences, repeated 4 times each


2.1. UE Complexity 
There are several techniques to detect the RSS where a cross-correlation and auto-correlation are the most common. Although results are not presented in this paper, the auto-correlation method was previously studied, and it was determined that the detection performance of the auto-correlation method was not satisfactory. So, in this paper all the results are based on the cross-correlation method according to the following expression: 


[image: image4.wmf]*

111

()()

MNT

mm

nn

mnt

xtyt

===

ååå


Where, 
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is the local reference sequence of the tth sample of the nth symbol of the mth sub-frame at the receiver, 
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is the received signal, M is the number of sub-frames constituting the RSS signal, N is the number of used symbols per sub-frame, and T is the number of samples per symbol. Cross correlation can be performed using sliding correlation or an Overlap and Add technique. The sliding correlation involves very high MOPS, so it is not considered and the Overlap and Add algorithm [3], which is more computationally efficient, was considered. The table below summarizes the MOPS results required for detecting the RSS alternatives outlined in Table 1, where the properties of the cover code pattern have been leveraged to reduce the computation complexity required for detecting the RSS alternatives.
	Table 2. Computation complexity for a 32ms RSS length

	
	6 PRBs 
	2 PRBs 

	
	Design #1
	Design #2

Long Cover Code
	Design #3

R/R* Cover Code
	Design #4
Repeat Cover Codes

	Sampling freq (kHz)
	1920
	480
	480
	480

	Freq hypos
	10
	10
	10
	10

	MOPS
	8539
	2115
	942
	792


It is clear from the table above that the computation complexity associated with the 6 PRBs Design, compared to the remaining 2 PRBs designs, is prohibitive.  
Proposal 1: 
Specify a 2 PRBs wide signal as the new re-sync signal.
2.2. Detection Performance 

This section includes LLS for the single-shot detection performance for the three remaining 2 PRBs RSS design alternatives. The LLS were conducted following the simulation assumptions shown in Appendix I. The table below shows the single shot detection performance for the RSS alternatives.

	Table 3. Single-shot detection performance for RSS of 16 sub-frames

	MCL (dB)
	SNR (dB)
	Design #2

Long Cover Code
	Design #3

R/R* Cover Code
	Design #4

Repeat Cover Codes

	164
	-17.74
	61%
	60%
	61%

	154
	-7.74
	99.9%
	99.9%
	99.5%

	144
	2.26
	99.9%
	99.9%
	99.9%


	Table 4. Single-shot detection performance for RSS of 32 sub-frames

	MCL (dB)
	SNR (dB)
	Design #2

Long Cover Code
	Design #3

R/R* Cover Code
	Design #4

Repeat Cover Codes

	164
	-17.74
	78%
	79%
	71%

	154
	-7.74
	99.9%
	99.9%
	99.9%

	144
	2.26
	99.9%
	99.9%
	99.9%


From the tables above, the performance of all three designs are very similar. 

Observation 1: 
The R/-R approach with long cover code, the R/R* approach with short cover code, and the R/-R approach with repeated cover codes RSS designs all perform equally.
2.3. Information Content

For the UE to verify that it is trying to re-synchronize to the same cell, it is useful that the RSS signal carries cell ID information.
Proposal 2: 
RSS should at least indicate 504 cell-IDs.
Other possible indications may include:

· MIB/SIB change

· Paging information

Therefore at least, 504 different RSS sequences with good mutual cross-correlations are required. Hence, a combination of a different base sequence (using a different ZC root) and a different cover code can be used to construct different RSS signals. The following sections look at whether the different designs could provide at least 504 good sequences or not.
2.3.1. Design #2 Long Cover Code 
Using a base sequence R of length = 23 gives 22 one-symbol long possible ZC base sequences. For an RSS duration of 8ms (worst case), the cover code used will be 8 × 12 = 96 elements long. Using truncated gold sequence of length 96, 100 good sequences were found with less than 28% cross correlation.  If the combination of base sequence and cover code are used, then 22*100~=2200 RSS sequences with good cross-correlation can be constructed. 

Observation 2: 
With an RSS constructed using the R/-R alternative and a long cover code design, it is possible to provide at least 504 RSS sequences with good mutual cross-correlations. 

2.3.2. Design #3 R/R* Cover Code
For a ZC base-sequence R of length = 263 (i.e. spanning a whole sub-frame), 262 1-ms base sequences are possible. However, half of them are the complex conjugates of each other which will be problematic since we are using the R/R* approach. Hence, only 131 1-ms base sequences are actually available for use. For the 8ms RSS case, the cover code will only be 8 elements long. An exhaustive binary search of all possible sequences was conducted, and the best group found was 4 cover codes with 50% cross correlation but none of these codes had good auto-correlation so could not be used. This means that the cover code cannot provide any more good sequences. This gives a total of 1 × 131 = 131 different RSS sequences which is less than the required 504 sequences.  One possible method to increase possible sequences is to move away from ZC base sequences to something with more sequences. Also, if >50% cross correlation is acceptable, then more sequences can be found.
Observation 3: 
With an RSS constructed using the R/R* alternative and ZC as a base code design, it’s not possible to provide 504 RSS sequences with good (i.e. < 50%) cross-correlations. 
2.3.3. Design #4 Repeat Cover Codes 
For this design the base sequence R is of length = 23 (1 symbol) which provides 22 good ZC base sequences. The short cover code is 48 elements long and we found 32 truncated gold sequences with good cross-correlations. When RSS is 8ms long and if a repetition pattern for the cover codes is used, the cross correlation will be nearly 50%. If this is acceptable then there are 496 (=31*32/2) repetition patterns so the total number of RSS sequences is 22*496=~10K.  If repetition patterns for the cover codes are not re-used, the correlation will be <30% but there are only 16(=32/2) patterns so the total number of RSS patterns is 22*16= 352 different RSS sequences. For RSS lengths of 16 and 32, many RSS patterns (i.e. <10K) are possible with <30% cross correlation. 
Observation 4: 
With a repeated short cover codes design, it’s not possible to provide 504 RSS sequences with good (i.e. < 50%) cross-correlations for a RSS of length 8ms but is possible for lengths >8ms. 
2.4. Design Summary
The following table summarizes the performance of the three 2 PRBs RSS designs:
Table 6. Performance Summary of RSS Designs
	Attribute
	Design #2

Long Cover Code
	Design #3

R/R* Cover Code
	Design #4

Repeat Cover Codes

	MOPS
	2115
	942
	792

	Detection Performance

16ms RSS @ 154 dB MCL
	99.9%
	99.9%
	99.5%

	Good Sequences for 8ms RSS
	~2000
	131
	352


The long cover code design should not be specified as it requires nearly 2X the MOPS of the other 2 PRB designs unless a lot of good sequences are needed. For the R/R* design, methods to increase the number of good sequences need to be investigated possibly by using a different base sequence rather than ZC.  The repeated cover code design appears to be the best candidate but consider using this method only for the 16 and 32 ms RSS lengths where MOPS are a concern and a long cover code design for the 8ms RSS length where MOPS are not an issue. 
Proposal 3: 
Focus the study on the RSS designs based on R/R* cover codes and repeated cover codes.
3. Other Open Issues

3.1. Single Shot vs combined

From the simulation results, the detection performance, especially at 164 dB MCL, can improve if the UE combines multiple correlation results as shown in [4] rather than just single shot detection. Hence, it should be up to the UE to employ single-shot or multi-shot detection techniques. The only specification impact would be to ensure that shorter RSS periods in the range of 100ms should be possible.
 Proposal 4: 
It can be left for UE implementation whether the UE employs single-shot or multi-shot detection.
3.2. Length Considerations

As was shown in the numerical results, increasing the RSS length improves the detection performance, especially at very high MCLs. Hence, based on the coverage conditions, the RSS length should be configurable to take values anywhere from 8 to 40 ms.

Proposal 5: 
The RSS length is configurable by the network in the range of approximately 8-40ms.
3.3. RSS Periodicity Considerations
As the RSS period increases, the “On-time” of the UE will increase, which will increase its power consumption. On the other hand, the percentage of the network resources usage will decrease. Hence, it should be up to the network to configure the RSS periodicity to strike a good balance between the UE’s On-time and the percentage of the network resources usage. The range of configurable RSS periods should be 0.1 to 1sec
Proposal 6: 
The periodicity of the RSS signal should be configurable in the range of 0.1 to 1sec.
3.4. Location Considerations

The start time of the RSS should be configurable with respect to the SFN and the frequency location can be configured anywhere in frequency even outside the defined BL/CE narrow bands. 
Proposal 7: 
The start time of the RSS should be configurable with respect to the SFN.
The frequency location is configurable anywhere within the band even outside the BL/CE narrow bands.
4. Conclusions
Proposal 1: 
Specify a 2 PRBs wide signal as the new re-sync signal.
Observation 1: 
The R/-R approach with long cover code, the R/R* approach with short cover code, and the R/-R approach with repeated cover codes RSS designs all perform equally.

Proposal 2: 
RSS should at least indicate 504 cell-IDs.
Observation 2: 
With an RSS constructed using the R/-R alternative and a long cover code design, it is possible to provide at least 504 RSS sequences with good mutual cross-correlations.

Observation 3: 
With an RSS constructed using the R/R* alternative and ZC as a base code design, it’s not possible to provide 504 RSS sequences with good (i.e. < 50%) cross-correlations.

Observation 4: 
With a repeated short cover codes design, it’s not possible to provide 504 RSS sequences with good (i.e. < 50%) cross-correlations for a RSS of length 8ms but is possible for lengths >8ms. 
Proposal 3: 
Focus the study on the RSS designs based on R/R* cover codes and repeated cover codes.

Proposal 4: 
It can be left for UE implementation whether the UE employs single-shot or multi-shot detection.
Proposal 5: 
The RSS length is configurable by the network in the range of approximately 8-40ms.
Proposal 6: 
The periodicity of the RSS signal should be configurable in the range of 0.1 to 1sec.
Proposal 7: 
The start time of the RSS should be configurable with respect to the SFN.
The frequency location is configurable anywhere within the band even outside the BL/CE narrow bands.
The table below provides a comparison between the performance of the different 2 PRBs RSS designs proposed in this contribution. 

	Attribute
	Design #2

Long Cover Code
	Design #3

R/R* Cover Code
	Design #4

Repeat Cover Codes

	MOPS
	2115
	942
	792

	Detection Performance

16ms RSS @ 154 dB MCL
	99.9%
	99.9%
	99.5%

	Good Sequences
	~2000
	131
	352
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Appendix I
LLS Assumptions
	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	46 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

	PSD Boosting
	4.8 dB for the 2PRBs design,
 0 dB for the 6PRBs design

	Carrier frequency offset
	[-4.5 kHz : 4.5 kHz]

	Average residual carrier frequency offset
	225 Hz

	Coherent combining duration
	1 ms

	Antenna switching period
	2 ms

	Good detection window 
	±3.5 µs around the true timing

	Detection threshold 
	Set for false alarm rate < 0.1%

	Scenario 
	Scenario D

	RSS period
	256 ms
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