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1 Introduction
In RAN #78 meeting, revised WID RP-172811 on Even further enhanced MTC for LTE was agreed [1]. One of the objectives is latency reduction.

Improved latency:

· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance

In RAN1 #92 meeting, the following agreements were achieved for reducing system acquisition time for MTC [2].

· For eMTC, a new periodic synchronization signal is introduced.
· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

· 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 PBCH

· Do not introduce new PBCH repetitions

In RAN1 #92bis meeting, the following agreements and working assumption were achieved [3].

· 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.

· 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.

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.

In this contribution, we further discuss the remaining issues on resynchronization signal design for MTC.

2 Details on resynchronization signal

For RSS bandwidth of 2 PRBs, power boosting can bring additional performance gain compared with 6 PRBs. Furthermore, considering that RSS bandwidth of 2 PRBs is good compromise of resource overhead, the working assumption “The RSS bandwidth is 2 PRBs” can be confirmed. 

The frequency location of 2 PRBs for RSS may have the flowing two alternatives:

· Alt 1: Any consecutive 2 PRBs within the system bandwidth

· Alt 2: Consecutive 2 PRBs from the center 6 PRBs that legacy PSS/SSS locates

Considering that PSS, SSS and PBCH are transmitted in the center 6 PRBs, Alt 2 may increase the possibility of inconsecutive RSS transmission. Alt 1 is preferred.

Proposal 1: Confirm the working assumption:

· The RSS bandwidth is 2 PRBs
· The frequency location of 2 PRBs for RSS can be any consecutive 2 PRBs within the system bandwidth.

Regarding RSS base sequence duration, if the base sequence duration is 1 symbol, majority information should be carried by time domain spread. The information that RSS can carry depends on the RSS duration. When frequency location of RSS overlaps with legacy PSS/SSS, the duration of legacy PSS/SSS is also 1 symbol, RSS may cause interference to legacy PSS/SSS. If RSS signal uses ZC sequence, the cross correlation feature of short ZC sequence with 1 symbol is worse than that of long ZC sequence with 11 symbols.  
Proposal 2: RSS base sequence duration is 11 symbols.

Considering the good cross-correlation property of ZC sequence and its low detection complexity, RSS base sequence can use NSSS-like scheme. In this case, RSS base sequence is composed of length-263 ZC sequence and Hardamard sequence. The length of Hadamard sequence is power of 2 and less than 264, for example, 256. Cell ID can be carried by ZC root sequence and Hardamard sequence together. Since conjugation has the advantage of anti-frequency offset, complex conjugation {Si, Si*} is recommended to be used for the cover code of RSS sequence.
Proposal 3: RSS base sequence is composed of length-263 ZC sequence and Hardamard sequence.
· Cover code for RSS sequence is {Si, Si*}.
The time offset of the first subframe of RSS depends on the periodicity of the first subframe of RSS. The time offset and periodicity can be jointly coded as show in Table 1. In this case, 12 bits are needed to indicate total 2400 states.

Table 1 RSS periodicity and time offset

	RSS periodicity and time offset indication
	RSS periodicity  (ms)
	RSS time offset
(ms)

	0~159
	160
	0~159

	159~479
	320
	0~319

	480~1119
	640
	0~639

	1120~2399
	1280
	0~1279


Proposal 4: The time offset and periodicity of the first subframe of RSS are jointly coded as shown in Table 1.

If the resynchronization signal is configured by eNB, compared with functionality with resynchronization only, if the resynchronization signal provides WUS-related information, the power consumption of the UE can be reduced. Furthermore, if WUS signal is needed during the transmission period of the resynchronization signal with WUS-related information, at least the overhead of one dedicated wake up signal can be saved. However, the UE implementation complexity may be increased.

An example on RSS with wake up information is shown in Figure 1. Here, the RSS is cell specific and includes two sequences (RSS-1and RSS-2). One of the two RSS sequences is transmitted at starting of each period X where RSS-1 is used for resynchronization and indicating there has no paging message within duration Y (Y < X) while RSS-2 is used for resynchronization and indicating there has paging message within duration Y. When a UE detects RSS-1, the UE would not be waked up to receive paging within duration Y. The UE will be waked up for paging monitoring within duration Y when it detects RSS-2. Since the main purpose of the new synchronization signal is for resynchronization, the transmission interval is relatively large. Furthermore, although the additional synchronization signal provides WUS-related information for a subset or a group of POs, such signal is cell-specific. Besides the resynchronization signal, an additional PO-specific WUS/DTX signal which is separately configured also can be considered for wake up purpose. For duration outside of Y, PO-specific WUS/DTX can be used.  
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Figure 1 Example of RSS with wake up information
Observation 1: Compared with resynchronization only, RSS with WUS-related information can reduce power consumption and the overhead of WUS signal. 

As evaluated in [4], compared with resynchronization only, the reduction of “sync probability” performance for RSS with additional WUS-related information is lower than 1% and the “false detection probability” for RSS with additional WUS-related information is lower than 1%. 

Observation 2: Compared with resynchronization only, for RSS with additional WUS-related information, the performance loss of “sync probability” is negligible, and the “false detection probability” target can be satisfied.

Proposal 5: The resynchronization signal can provide WUS-related information.
3 Conclusions

In this contribution, we have discussed the remaining issues on resynchronization signal design for MTC. We make the following observations and proposals: 
Observation 1: Compared with resynchronization only, RSS with WUS-related information can reduce power consumption and the overhead of WUS signal. 

Observation 2: Compared with resynchronization only, for RSS with additional WUS-related information, the performance loss of “sync probability” is negligible, and the “false detection probability” target can be satisfied.

Proposal 1: Confirm the working assumption:

· The RSS bandwidth is 2 PRBs
· The frequency location of 2 PRBs for RSS can be any consecutive 2 PRBs within the system bandwidth.

Proposal 2: RSS base sequence duration is 11 symbols.

Proposal 3: RSS base sequence is composed of length-263 ZC sequence and Hardamard sequence.
· Cover code for RSS sequence is {Si, Si*}.
Proposal 4: The time offset and periodicity of the first subframe of RSS are jointly coded as shown in Table 1.

Proposal 5: The resynchronization signal can provide WUS-related information
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