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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#92, the following agreements on potential synchronization signal and skipping system information reading were reached [1]:
	Agreement
The new periodic synchronization signal has the following characteristics:
· The new periodic synchronization signal can be used for re-synchronization
· One (or more) complex valued base sequence(s) Si spanning at least one symbol
· FFS: New synchronization signal may include a cover code that may be applied to the repetitions. Candidate operations for the cover code include 
· Multiplication with {+1, -1}, i.e. {Si, -Si}
· Multiplication with {1, e-ja}
· Complex conjugation, i.e. {Si, Si*}
Other operations are not precluded.

For further study: 
· Base sequence selection
· New synchronization signal bandwidth
· Information content and provision (if any)
· Configurability 
· Time and frequency domain location 
· [bookmark: _Hlk507266406]Diversity schemes (if any)

Note:
RAN1 considers that SI update indication in DCI format 6-2 is discussed in RAN2


In RAN1#92bis, the following agreements and working assumptions on resynchronization signal (RSS) were agreed [2]:
	[bookmark: _Hlk507512831]Agreements
· Resynchronization signal (RSS) configuration information is provided in SIB.
· The frequency location[s] of the RSS are configurable. Details are FFS.
· The UE can assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port at least when TxD is used. 
· FFS if TX diversity is signaled to UE.
· The periodicity of the first subframe of RSS is configurable to 160, 320, 640 and 1280 ms.
· In addition, time offset is configurable 
· FFS: Details
· The RSS provides information about at least cell id.

Working assumption
· The RSS bandwidth is 2 PRBs. 
· FFS whether the 2PRB sequence is repetitions in the frequency domain of 1 PRB sequence.
· Confirmed when analysis shows enough sequences with good cross correlation, without significantly increasing the time duration compared to 6 PRBs, can be found.

Agreement
· The RSS should be designed taking into account the correlation properties with other LTE signals.
· The RSS transmission length is configurable in SIB 
· The RSS base sequence duration is down selected from 1 and 11 symbols.


In this contribution, we share our views on the RSS and provide design aspects considering the impact of frequency offset. We also discuss other FFS aspects regarding to LTE signals.
Discussion
Differential sequence design
The robustness when combating high carrier frequency offset (CFO) is important to the SS, since the UE may have high CFO when re-accessing to the cell. The CFO needs to be estimated and then compensated or calibrated (based on the RSS), in order to ensure the performance of the OFDM-based system. Fortunately, differential sequences show good robustness even in the cases with high frequency error. This is because the phase rotation due to the frequency error between the adjacent sequences can be eliminated by the differential operation. The new periodic SS can be designed based on differential sequence to achieve good performance in the scenario with high CFO.
ZC sequence can be the basic sequence to generate the RSS, which has good auto-correlation and cross-correlation performance, and has already been utilized in LTE and NB-IoT. Then, the RSS can be generated by a ZC sequence with accumulated multiplication operation. In our design, the unit of the SS occupies 11 symbols (last 11 symbols in a subframe) in the time domain. Based on the WA, 24 subcarriers are occupied in the frequency domain. It can be repeated in time domain for improvement of coverage or accuracy of timing/frequency error estimation.
The following steps show how the RSS can be achieved:
(1) Long ZC sequence generation
First, a 239-length ZC sequence is generated using the following equation


where u is the root index and can be chosen from 1 to 238.
(2) Sequence extension
Extend the sequence to a 240-length sequence by 


and then denote the 240-length sequence as D.
(3) Sequence division
Divide the sequence D into 10 subsequence, denoted as x1 ~ x10. Each subsequence includes 24 consecutive elements of D in turn.
(4) Accumulated multiplication
Denote a 24-length initial sequence as x0. The initial sequence x0 can be a 24-length ZC sequence with any root index. For randomizing the sequence, the root index of x0 can be defined as (NPCID mod 23) + 1, where NPCID is the PCID of the cell.
Then, accumulated multiply x0 ~ x10 and achieve new sequences y0 ~ y10 as

.
(5) Resource mapping
Map y0 ~ y10 into the last 11 symbols in a subframe respectively, where each sequence occupies 24 consecutive subcarriers with the same location in frequency domain.
The following figure gives a brief view of the above steps:
[image: ]
Figure 1 2RB-wide SS generation
After the resource mapping, IFFT operation and CP adding, the SS sequence is generated, which can be denoted as STx with samples s1, s2, … , sN. The SS can be detected by the receiver with differential operation for eliminating the CFO.
The receiver can detect the SS by the following steps:
(1) Differential processing
Denote the received samples as r1, r2,…, rM. Note that usually M is larger than N. Then a differential received sequence Rdif = rdif(i), (i=1, 2, …, M-L-C) can be computed with conjugate multiplication by


where L is the IFFT size and C is the CP length. 
(2) Local sequence generation
Similarly, a local sequence Sdif = sdif(i), (i=1, 2, …, N-L-C) should be generated based on STx with differential operation

.
(3) Sliding correlation
Use sequence Sdif to do the sliding correlation operation with Rdif, and then find the correlation peak. A pre-defined threshold of correlation peak should be set for judging whether an SS is detected or not. 

The above design achieves stable performance under high CFO, which has been proved in the case of NB-IoT, along with correlation, timing error estimation and frequency estimation characteristics in [3]. With wider bandwidth of SS for eMTC, i.e. 2 RBs vs. 1 RB, the correlation performance will be even better, since the ratio of auto-correlation peak to cross-correlation peak is proportional to . Note that the 2RB-wide SS has better performance than repeating 1RB-wide SS in frequency domain empirically.
Proposal 1: RSS is constructed from a length-239 Zadoff-Chu sequence d(n):
· The sequence d(n) is extended as D to length 240 by d(240) = d(0).
· Map sequences  to the last 11 symbols in a subframe where each sequence occupies 24 consecutive subcarriers with the same location in frequency domain, and , where the length of each xi is 24, and x0 is an initial 24-length ZC sequence with root index (NPCID mod 23) + 1.
Information conveyed by the RSS
We now discuss the information which may be conveyed by the RSS. The following information should be carried by, e.g. root index of the SS, symbol-level cover code, and/or scrambling sequence.
 (1) PCID
In the re-accessing, i.e. cell re-confirmation case, the UE does not have to acquire the PCID of the cell by the RSS because it need test only if the PCID has changed. However, if the RSS does not contain the PCID, the RSS from different eNB may have to be distinguished by time-frequency resources, so the configuration flexibility will be much reduced. Thus, the PCID should be, at least partially, conveyed by the RSS. This would allow the UE to identify if it is now in a different cell. 
(2) Timing information
According to the agreed scenario, for the UE awakening from PSM/eDRX mode, its timing may shift several subframes away from the correct timing. For each repetition of the SS unit, it should carry the timing information, and enable the UE to find the correct timing. 
Comparing the three options, scrambling sequence has the largest capacity (up to 232-1) to distinguish the PCID and timing information, and can be the first choice. PCID and timing information can be conveyed by a scrambling sequence, which is multiplexed with RSS in RE-level, based on 31-length Gold sequence with the initializing seed at the start of each RSS subframe:


where NPCID, nf and ns are the PCID, frame index, and slot index within a frame, respectively.
Also, the part of PCID can be conveyed by the root index of the 239-length ZC sequence d(n). Using different root index can further reduce the inter-cell interference. The following equation can be used to calculate the ZC root index:


where L is the length of ZC sequence (i.e. 239).
Proposal 2: For the RSS,
· The initializing seed of the scrambling sequence conveys the PCID and timing information, by setting:

.
· The ZC sequence d(n) root index conveys the PCID information, by setting:

.
Consideration on overlapping with legacy LTE signals
Though RSS may only occupy the last 11 symbols of a subframe and 2 RBs in frequency domain, it is still possible for RSS to overlap with legacy LTE signals, e.g. CRS. To avoid negative impact on legacy UEs (including Rel-13, Rel-14 eMTC UEs), RSS should be punctured in RE-level when colliding with legacy LTE signals, i.e. PSS, SSS, CRS. 
Proposal 3: RSS is punctured in RE-level by PSS, SSS and CRS. No specification rule is defined for other LTE RS, i.e. it is left to the eNB scheduler to avoid or tolerate collisions for CSI-RS and PRS.
Conclusions
In this contribution, we discuss some design aspects of the potential new synchronization signal. The proposals are listed as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: RSS is constructed from a length-239 Zadoff-Chu sequence d(n):
· The sequence d(n) is extended as D to length 240 by d(240) = d(0).
· Map sequences  to the last 11 symbols in a subframe where each sequence occupies 24 consecutive subcarriers with the same location in frequency domain, and , where the length of each xi is 24, and x0 is an initial 24-length ZC sequence with root index (NPCID mod 23) + 1.
Proposal 2: For the RSS,
· The initializing seed of the scrambling sequence conveys the PCID and timing information, by setting:

.
· The ZC sequence d(n) root index conveys the PCID information, by setting:

.
Proposal 3: RSS is punctured in RE-level by PSS, SSS and CRS. No specification rule is defined for other LTE RS, i.e. it is left to the eNB scheduler to avoid or tolerate collisions for CSI-RS and PRS.
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