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In RAN1 NR #92bis, the following agreement was made [1]: 
Agreement:
· 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 focus on the issues related to the reduced system acquisition time for MTC, including enhanced synchronization signals for performance enhancement in initial access, and resynchronization signals for improved system acquisition with apriori information.
Enhanced Synchronization Signals


In [3], we proposed to introduce enhanced PSS and SSS (i.e., ePSS and eSSS) to improve the system acquisition time in initial access for MTC.  Evaluation results in [3] show that the PSS detection probability can be improved significantly by using enhanced synchronization signals. For example, the system acquisition time can be reduced from 800 ms to 500 ms at 50% detection probability from ePSS, and the cell ID detection performance using both ePSS and eSSS can be improved from 27% to 50% after 1 second accumulation time. At the same time, the transmission of ePSS and eSSS has marginal impact on the PSS detection of the legacy UEs. 
However, according to the discussion in last meeting [3], RSS is likely to have bandwidth of 2 PRBs, and duration down selected from 1 and 11 symbols. The proposed scheme in [3] use sequence occupies 6 PRBs, therefore we discuss and propose new RSS design in this paper to satisfy the latest agreements.
2. Re-Synchronization Signals
For the sequence construction method, RSS can be generated in two ways: 1) constructed per symbol and/or extended/repeated over symbols over transmission duration; 2) constructed per subframe and/or extended/repeated over subframes across transmission duration. For sequence extension, cover code can be applied on repeated sequence to improve the RSS detection performance over larger MCL. The cover codes can be selected from [1 -1] or {Si, Si*} or {1, e-ja} according to the agreements in RAN1#92 [2].
For the base sequence choice, ZC-sequence and M-sequence with good correlation property are two attractive candidates. The cyclic shift of M-sequence and root of ZC-sequence are used to carry cell ID information in legacy synchronization sequences. If RSS has bandwidth of two RBs, the length of base sequence constructed per symbol from M-sequence is 15, which is too short to provide enough cyclic shift choices for conveying cell ID. While the length of based sequence constructed per symbol from ZC-sequence is 23, wherein the root, u (0<u<23), can carry up to 22 subset of cell IDs. For the second construction type, the length of base sequence constructed per subframe from M-sequence and ZC-sequence is 255 and 263, respectively. Both of them are ideal and can carry a large portion of cell IDs. 
Moreover, BPSK modulated M-sequence consists of -1s and 1s has much lower detection complexity, thus is more preferable over ZC-based complex sequence.
Except for the base sequence, the RB locations of RSS within the associated narrowband also can be utilized to carry part of cell ID information.
We evaluate the inter-cell cross-correlation for four designs with different base sequence duration and base sequence types:
· Case 1: base sequence duration of 1 symbol from length 23 ZC-sequence 
· Case 2: base sequence duration of 1 symbol from length 15 M-sequence
· Case 3: base sequence duration of 11 symbol from length 263 ZC-sequence
· Case 4: base sequence duration of 11 symbol from length 255 M-sequence
All four designs carry the complete set of Cell IDs, where  = *3 + ,  = 0, …, 503. For base sequence duration of 1 symbol  and ZC-sequence based design, root of ZC carries part of , and the rest of is carried by the cover code in the format of {1, e-ja} across symbols within subframe. For base sequence unit of 1 symbol and M-sequence based design, cyclic shift carries part of , and the rest of is carried by the cover code in the format of {1, e-ja} across symbols within subframe. For base sequence unit of 11 symbols and ZC-sequence based design, the choice of root is large enough to carry entire set of . Similarly, for base sequence unit of 11 symbols, the cyclic shift of M-sequence can be used to carry the entire set of   is mapped into RB locations within the narrowband for all four cases.
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FIGURE 1

TABLE 1
	
	Case 1
	Case 2
	Case 3
	Case 4

	Max/dB
	-6.17
	-6.02
	-11.86
	-15.19

	Mean/dB
	-20.69
	-22.22
	-16.88
	-25.18
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FIGURE 2

TABLE 2
	
	Case 1
	Case 2
	Case 3
	Case 4

	Max/dB
	0
	0
	-3.44
	-3.01

	Mean/dB
	-10.94
	-13.51
	-12.38
	-12.81



Observation #1: Base sequence of 11 symbol (one subframe) outperforms base sequence of 1 symbol on the worst pair with maximum cross-correlation. 
Observation #2: M-sequence based RSS outperforms ZC-sequence based RSS on the mean of cross-correlation regardless of RSS duration and base sequence length.
Observation #3: RSS with bandwidth of 2RBs should have duration longer enough to achieve good mean/max cross-correlation performance.

Based on the discussion and simulation result in above, we propose that
Propose #1: The sequence used for re-synchronization dRSS(n), is generated per subframe from M-sequence, and extended over subframes with different cover code, c(k), according to

where 



,
and, s() is M-sequence with the generator polynomial of , c(k) = [1 -1].  is subframe index. The number of available REs per SF, , which is determined by number of symbols configured for RSS per subframe, .

Propose #2: RSS is mapped into two contiguous RBs within the associated narrowband for efeMTC, and the location of the two contiguous RBs with indices of I_RB and I_RB+1, can be utilized to carry part of cell ID according to
)
Propose #3: The RSS, dRSS(n), within one subframe is mapped in frequency domain first and then time domain. 
Except for initial access, reliable synchronization performance is also essential for UE working in eDRX or PSM. In idle mode paging, the UE wakes up from a duration of sleep according to the DRX cycle. Because of clock drift and long DRX cycle, the synchronization error could become very large when UE wakes up at the pre-configured PO. This would dramatically degrade UE’s decoding performance of the subsequent MPDCCH/PDSCH. A periodic synchronization signal would help in this scenario.  
Therefore, the re-synchronization signals are proposed to have the following feature:
Proposal #4: At least one configuration for the periodicity of re-synchronization signals is based on the DRX cycle, serving for idle mode paging.

Conclusions
This contribution presented the discussion of enhanced synchronization signals for performance enhancement in initial access, and resynchronization signals for improved system acquisition with apriori information. Based on the discussion above, we have the following proposals:
Propose #1: The sequence used for re-synchronization dRSS(n), is generated per subframe from M-sequence, and extended over subframes with different cover code, c(k), according to

where 



,
and, s() is M-sequence with the generator polynomial of , c(k) = [1 -1].  is subframe index. The number of available REs per SF, , which is determined by number of symbols configured for RSS per subframe, .

Propose #2: RSS is mapped into two contiguous RBs within the associated narrowband for efeMTC, and the location of the two contiguous RBs with indices of I_RB and I_RB+1, can be utilized to carry part of cell ID according to
)
Propose #3: The RSS, dRSS(n), within one subframe is mapped in frequency domain first and then time domain. 
Proposal #4: At least one configuration for the periodicity of re-synchronization signals is based on the DRX cycle, serving for idle mode paging.
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