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1. Introduction
In this contribution, we analyze re-synchronization signal (RSS) designs and its parameters (duration, and bandwidth). Three RSS designs are evaluated. We studied their single shot detection performance, UE complexity (in terms of MOPS and memory access), and cross correlation properties. Other open issue discussed include:
· RSS Duration

· RSS Frequency location

· CRS Collisions

· Non-BL/CE DL Subframes

· RSS Collisions with SI subframes

· Transmit Diversity Signalling

· PSD Boosting Signalling
2. Candidate RSS Designs
Three RSS designs were studied, all are 2 PRBs wide assuming PSD boosting of 4.7 dB (10Log(3)). All 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=11 symbols, i.e. 1 SF [1].  A cover code is applied to the L symbols based on either (R, -R) or (R, R*).Moreover, for the (R, -R) approach, 2 variants of the cover code sequences were considered, a long cover code approach which spans the entire length of the RSS sequence (will be referred to as design # 1 Long cover code) and a short cover code approach where short ones are repeated (will be referred to as design # 2 Repeat cover codes). The figure below shows an example of the use of two 44 elements long (11 symbols x 4 SFs) cover codes (cc1 and cc2), for design # 2, that are repeated to constitute RSSs of length =16 ms and 32 ms.
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	Figure 1. The repetition patterns used with design #2 using two 44-elements long cover codes to form the 16 and 32 ms duration RSSs


The cover codes cc1 and cc2 are truncated gold sequences that 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 2X reduction for the 16 ms RSS and 4X reduction for the 32 ms RSS. The following table outlines the three RSS design alternatives that were studied (assuming a 32 ms RSS length and only 11 symbols are available per sub-frame):  

	Table 1. RSS alternatives for a 32 ms long RSS

	
	2 PRBs

	
	Design # 1 R/-R Long Cover Code
	Design # 2 R/-R Repeat Cover Codes 
	Design # 3 R/R* Cover Code –  11 Symbols long Base Sequence

	Base sequence length L
	1 symbol-long 
truncated ZC
	1 symbol-long 

truncated ZC
	-(#3a) 11 symbols long QPSK symbols based on a truncated gold sequence [3] 

-(#3b) 11 symbols long truncated ZC sequence

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

	Cover code
	352-elements long truncated gold sequence
	Two 44-elemnts long (or 4 SF) truncated gold sequences
e.g. repeated 4 times each for 32 ms case
	32-elements long truncated gold sequence


2.1. UE Complexity 
In this paper, the MOPS calculations are based on a cross-correlation method using the Overlap and Add technique [2]. The table below summarizes the MOPS and RAM results: 

	Table 2. UE complexity for a 32ms RSS length with 10 Freq Hypos

	
	Design # 1 R/-R Long 
Cover Code
	Design # 2 R/-R Repeat Cover Codes
	Design # 3 R/R* Cover Code –  11 Symbols long Base Sequence

	MOPS
	1962
	754
	924

	RAM Access (Msps)
	1690
	422
	154


Compared to design # 2 and # 3, design # 1 has the highest associated MOPS but also requires a very fast access to RAM when applying the long cover code. It can be noticed also that design #2 has lower MOPS than design # 3 but higher RAM access rates.
Observation 1: 
The MOPS and RAM access speed associated with an RSS design using a long cover code on 1 symbol is prohibitive.
Hence, only designs # 2 and # 3 will be further studied. 

2.2. Detection Performance 

This section includes LLS for the detection performance for the two remaining RSS design alternatives. The LLS were conducted following the simulation assumptions shown in Appendix I. The table below shows the detection performance for the RSS alternatives.

	Table 3. The detection performance of the 2 RSS design alternatives for the 16 ms and 32 ms RSSs

	MCL (dB)
	SNR (dB)
	Design #2 R/-R Repeat
 Cover Codes (16 ms)
	Design # 3a R/R* Cover Code – 11 Symbols long QPSK Base Sequence (16 ms)

	164
	-17.74
	57 %
	58 %

	154
	-7.74
	99.9 %
	99.3 %

	144
	2.26
	99.9 %
	99.9 %

	

	MCL (dB)
	SNR (dB)
	Design #2 R/-R Repeat 
Cover Codes (32 ms)
	Design # 3a R/R* Cover Code – 11 Symbols long QPSK Base Sequence (32 ms)

	164
	-17.74
	73 %
	71 %

	154
	-7.74
	99.9 %
	99.6 %

	144
	2.26
	99.9 %
	99.9 %


From the table above, the performance of the 2 designs are very similar. 

Observation 2: 
The R/-R approach with repeated cover codes and the R/R* approach with QPSK base sequence RSS designs have similar detection performance.
2.3. Information Content

It was agreed in RAN1#92bis,

· The RSS provides information about at least cell id.

Therefore, at least 504 different RSS sequences with good mutual cross-correlations are required. If the SI is unchanged indication is also provided, then 1008 sequences are required. The following sections look at whether the different designs could provide at least 504 or 1008 good sequences or not. 
2.3.1. Design #2 Repeat Cover Codes 

For this design the base sequence R is a truncated ZC of length = 24 (1 symbol) that is generated from a length = 47 ZC sequence. This way provided 40 good ZC base sequences. The short cover code is 44 elements long and we easily found 28 truncated gold sequences with <40% cross-correlations. For the 8 ms RSS, 2 truncated gold sequences were concatenated together which gives a total of 28/2=14 concatenated gold sequences. Hence, overall we end up with 40 x 14 = 560 RSSs. The figure below shows the CDF of the normalized cross-correlations (relative to the auto-correlation peak) between (560) 8 ms RSS sequences. 
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	Figure 2. The CDF of the normalized cross-correlations between 560 RSS sequences of duration = 8 ms


From the figure above, the highest cross-correlation peak is within 42% from the auto-correlation peak and where the 90th percentile is less than 12%. (The cross-correlation performance for the 16 ms and the 32 ms RSSs were studied and they had similar performance).
Observation 3: 
With a repeated short cover codes design, it’s only possible to provide > 504 RSS sequences with < 42% cross-correlations. 
2.3.2. Design #3 R/R* Cover Code – 11 Symbols long Base Sequence
For the R/R* cover code approach, 2 alternatives for the base sequence will be considered. One alternative will use a QPSK gold-sequence-based base sequence and the other alternative will use a truncated ZC sequence.  
2.3.2.1. Design #3a R/R* Cover Code – QPSK Base Sequence
For this design, a base sequence is generated using 480 elements long truncated gold sequence (using a generator polynomial of order = 31). The truncated gold sequence is then put in the form of QPSK symbols similar to what was done in [3] to end up with 240 elements long base sequence (240 elements not 264 to avoid the CRS REs). To obtain a different RSS sequence, it is enough to just change the initial conditions of the generator polynomial. Hence, the cover code will be kept the same in all RSSs. Following this approach, more than 504 RSS sequences with good cross-correlations can be easily obtained. The figure below shows the CDF of the normalized cross-correlations for (1008) 8 ms RSS sequences. 
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	Figure 3. The CDF of the normalized cross-correlations between 1008 RSS sequences of duration = 8 ms using a QPSK gold-sequence-based base sequence


From the figure above, the highest cross-correlation peak is within 21% from the auto-correlation peak. 
Observation 4: 
With the QPSK gold sequence-based base sequence, 1008 RSS sequences with <21% cross-correlations can be obtained.
2.3.2.2. Design #3b R/R* Cover Code – Truncated ZC 

For this design, the 240 elements long base sequence is generated as a truncated ZC-sequence from another length = 2017 ZC-sequence. Generally, from a length = 2017 ZC-sequence, we can have 2016 different sequences. However, half of the 2016 sequences are complex conjugates of each other. Moreover, since the R/R* approach is used, only half of the 2016 sequences can be used, which is 1008. Using the same cover code for all RSSs, the figure below shows the CDF of the normalized cross-correlations for (1008) 8 ms RSS sequences. 
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	Figure 4. The CDF of the normalized cross-correlations between 1008 RSS sequences of duration = 8 ms using a truncated ZC sequence


From the figure above, the highest cross-correlation peak is within 26% from the auto-correlation peak. 
Observation 5: 
With the Truncated ZC base sequence, 1008 RSS sequences with <26% cross-correlations can be obtained.
2.4. Design Summary
The following table summarizes the performance of the two 2 PRBs RSS designs:
	Table 4. Performance Summary of RSS Designs

	Attribute
	Design #2 R/-R
Repeat Cover Codes
	Design # 3a R/R* Cover Code – QPSK Base Sequence 
	Design # 3b R/R* Cover Code – Truncated ZC Sequence

	MOPS
	754
	924

	RAM Access Speed
	422 Msps
	154 Msps

	Detection Performance

16ms RSS @ 154 dB MCL
	99.9%
	99.3%

	# of RSS sequences
	504 Possible
	1008 Possible

	Cross correlation performance of the RSSs
	100%’tile < 42%, 

90%’tile < 12%
	100%’tile < 21%
	100%’tile < 26%


Given the above summary, the following proposal is made:
Proposal 1: 
For the RSS design, 
· the base sequence should be 11 symbols long
· the base sequence is either the QPSK modulated gold sequence or truncated ZC
· the cover code uses R/R* with the following indexes:
· 40 ms  [0 0 0 1 1 0 1 0 1 0 1 1 1 0 1 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0]
· 32 ms  [1 0 0 1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 0 1 1]

· 16 ms  [1 0 1 0 0 1 1 0 0 0 1 0 1 1 0 0 ]
· 8 ms    [0 0 1 0 1 1 0 0]

3. Other Topics

3.1. SI Unchanged Indication
RAN2 added a new bit inside the MIB “systemInfoUnchanged-BR-r15” to indicate if the SI is unchanged within a certain period. It would be very advantageous if the RSS also indicated this information as it would allow a UE to go directly to the RACH process after detecting RSS. For this to be possible, two sequences would be needed per cell ID for a total of 2x504=1008 sequences which from section 2.3.2 was shown to be possible with the RSS design proposed. This would not necessarily increase UE complexity as a UE that was not capable of looking for both sequences simultaneously, would initially look for the sequence indicating SI is unchanged (as this would be most likely) and then only if that fails, look for the sequence that indicates the SI has change. Given the above, the following proposal is made:

Proposal 2: 
The RSS provides information about the SI changes and the Cell ID and thus 1008 sequences are needed. The SI change indication follows the same logic as the bit in MIB called “systemInfoUnchanged-BR-r15 ”. 

3.2. RSS Duration

To provide the system flexibility to provide single shot detection for high MCL but also low resource usage option for cells which do not need to provide e.g. 164 dB MCL, a range of RSS durations should be specified. 

Proposal 3: 
RSS Durations of 8, 16, 32, [40] subframes can be configured via SI.
3.3. RSS Frequency Location

There are two main options for defining the frequency location – within a narrowband or anywhere within the system bandwidth.  The advantage of allowing the RSS outside narrowbands is that it can use PRBs which can’t be used for traffic channels. Given the available system bandwidths in LTE, there would be no increase in size of the field. Given that no disadvantages were found to allowing RSS to be anywhere within the system bandwidth, the following proposal is made:

Proposal 4: 
The RSS frequency location can be any 2 consecutive PRBs within the system bandwidth.
3.4. CRS Collisions
The CRS needs to be present for legacy users, so the RSS REs needs to be punctured by CRS RE.

Proposal 5: 
RSS is punctured by CRS.
3.5. Non-BL/CE DL Subframes

In the future when operating in-band to a NR carrier, many SFs may be marked as invalid or non-BL/CE DL subframes. The RSS durations agreed are needed to provide good detection performance, so the non-BL/CE DL SF can’t puncture an RSS but must only postpone RSS so that the length is preserved.
Proposal 6: 
RSS is postponed in subframes that are non-BL/CE DL subframes.
3.6. Collision with SI Subframes

The eNB should avoid collisions of SI and RSS so this is considered an error condition. If the collisions with SI are postponed, the UE would have to keep track of the postponed SFs which would be difficult for the UE. If the collision are punctured, only a detection performance degradation would occur which could be acceptable given this is an error condition thus the following proposal is made: 
Proposal 7: 
RSS is punctured by SFs carrying SI including SIB1BR.
3.7. Transmit Diversity Signalling
The main advantage to signal if TX diversity is used or not, is so that if it is not used, the UE can do coherent combining over a longer period than the TX diversity switching (i.e. longer than 2ms).  For a UE to do coherent combining > 2ms, the UE would have to be frequency synchronized to less than +/- 120 Hz which is unlikely for a UE which is using the RSS to synchronize thus no signalling is needed. 
Proposal 8: 
No Transmit Diversity signalling is needed.
3.8. PSD Boosting Signaling
The goal is to be able to use RSS for RRM so the level of PSD boosting should be signaled. Dynamic signalling of each RSS would be very complex so it is recommended to be signaled via SI and it be cell specific. Three levels of PSD boost should be supported 0 dB, 3 dB, and 4.77 dB.

Proposal 9: 
PSD boosting of RSS should be signaled via SI and is cell specific. Three levels of PSD boost should be supported 0 dB, 3 dB, and 4.77 dB.
4. Conclusions
Observation 1: 
The MOPS and RAM access speed associated with an RSS design using a long cover code on 1 symbol is prohibitive.

Observation 2: 
The R/-R approach with repeated cover codes and the R/R* approach with QPSK base sequence RSS designs have similar detection performance.
Observation 3: 
With a repeated short cover codes design, it’s only possible to provide > 504 RSS sequences with < 42% cross-correlations. 

Observation 4: 
With the QPSK gold sequence-based base sequence, 1008 RSS sequences with <21% cross-correlations can be obtained.

Observation 5: 
With the Truncated ZC base sequence, 1008 RSS sequences with <26% cross-correlations can be obtained.

The following table summarizes the performance of the two RSS designs:

	Attribute
	Design #2 R/-R
Repeat Cover Codes
	Design # 3a R/R* Cover Code – QPSK Base Sequence 
	Design # 3b R/R* Cover Code – Truncated ZC Sequence

	MOPS
	754
	924

	RAM Access Speed
	422 Msps
	154 Msps

	Detection Performance

16ms RSS @ 154 dB MCL
	99.9%
	99.3%

	# of RSS sequences
	504 Possible
	1008 Possible

	Cross correlation performance of the RSSs
	100%’tile < 42%, 

90%’tile < 12%
	100%’tile < 21%
	100%’tile < 26%


Proposal 1: 
For the RSS design, 

· the base sequence should be 11 symbols long
· the base sequence is either the QPSK modulated gold sequence or truncated ZC
· the cover code uses R/R* with the following indexes:
· 40 ms  [0 0 0 1 1 0 1 0 1 0 1 1 1 0 1 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 1 0 0 0 1 1 0 1 1 0]

· 32 ms  [1 0 0 1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 0 1 1]

· 16 ms  [1 0 1 0 0 1 1 0 0 0 1 0 1 1 0 0 ]

· 8 ms    [0 0 1 0 1 1 0 0]

Proposal 2: 
The RSS provides information about the SI changes and the Cell ID and thus 1008 sequences are needed. The SI change indication follows the same logic as the bit in MIB called “systemInfoUnchanged-BR-r15 ”. 

Proposal 3: 
RSS durations of 8, 16, 32, [40] subframes can be configured via SI.
Proposal 4: 
The RSS frequency location can be any 2 consecutive PRBs within the system bandwidth.
Proposal 5: 
RSS is punctured by CRS.
Proposal 6: 
RSS is postponed in subframes that are non-BL/CE DL subframes.
Proposal 7: 
RSS is punctured by SFs carrying SI including SIB1BR.
Proposal 8: 
No Transmit Diversity signalling is needed.
Proposal 9: 
PSD boosting of RSS should be signaled via SI and is cell specific. Three levels of PSD boost should be supported 0 dB, 3 dB, and 4.77 dB.
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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

	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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