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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 this contribution, we further discuss the remaining issues for reducing system acquisition time for MTC.

2 Details on new synchronization signal

If the new synchronization signal is configured by eNB, compared with functionality with resynchronization only, if the new synchronization signal used for resynchronization 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 new synchronization 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 additional synchronization 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 [3], 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 1: The new additional synchronization signal provides WUS-related information

Proposal 2: Besides the new synchronization signal with WUS-related information, an additional PO-specific WUS/DTX signal is introduced for eMTC.

The starting location of the new synchronization signal is determined by period and offset indicated in SIB. When the new synchronization signal carries WUS (i.e., RSS-2 as shown in Figure 1), the number of PO(s) that the new synchronization signal corresponding to is configured by SIB.  

If the new synchronization signal collides with the transmission of PSS/SSS, PBCH, SIB1-NB, other SIs, it will be postponed.
For the new synchronization signal (RSS), there are two alternatives:

· Alt 1: Length-71 ZC sequence with symbol-level extension
· Alt 2:  length-131 ZC sequence with subframe-level extension
For Alt 1, RSS occupies six PRBs in frequency domain and length-71 ZC sequence is mapped to one OFDM symbol. If RSS occupies N subframes in time domain, ZC sequence in one OFDM symbol will be extended to N subframes by symbol-level extension. For Alt 2, RSS occupies one PRB in frequency domain and length-131 ZC sequence is mapped to one subframe.   To get RSS signal with N-subframe length, ZC sequence in one subframe will be extended to N subframes. Based on the simulation assumptions in Table A.1 and the assumption that time drift within the requested range means successful synchronization, comparison of the two alternatives is shown in Table 1. 
Table 1 The successful sync probability of Alt 1 and Alt 2 
	
	MCL=144dB
	MCL=154dB
	MCL=164dB

	Repetition number = 1
	Alt 1
	0.8910
	0.4174
	0.0058

	
	Alt 2
	0.8960
	0.2912
	0.0022

	
	Alt 2 with power boosting
	0.9772
	0.8218
	0.1468

	Repetition number = 4
	Alt 1
	0.9088
	0.6456
	0.0256

	
	Alt 2
	0.9524
	0.5326
	0.0096

	
	Alt 2 with power boosting
	0.9796
	0.9126
	0.3536


From the simulation result, we can see Alt 2 with power boosting has better synchronization performance than Alt 1.  

Besides time/frequency synchronization, the UE also utilizes the new synchronization signal for cell ID confirmation. Considering that ZC sequence has good cross-correlation feature, the Cell ID can be carried by ZC sequences. Then, different cells are corresponding to different ZC sequences. Since the anti-interference ability of long ZC sequence is better than that of short ZC sequence, Alt 2 is preferred. Although Cell ID also can be carried by cover code, however, the orthogonality of cover code cannot be guaranteed when the adjacent cells are not synchronized.
Proposal 3: Length-131 ZC sequence with subframe-level extension is considered for the new synchronization signal.

· Cell ID is at least carried by ZC sequence. 
3 Consideration on improving SIB1-BR acquisition performance
In order to improve SIB1-BR acquisition performance, the following two options can be considered: 

· Option-1: Dependent on implementation related to eNB/UE

Power boosting, cross-subframe channel estimation and combined detection across multiple periods can be applied for decoding of SIB1-BR. For example, SIB1-BR accumulation across multiple SIB1-BR scheduling periods can improve SIB1-BR decoding performance. By utilizing cross-subframe estimation can further reduce the SIB1-BR acquisition time. 

· Option-2: Introduction of additional repetitions

When SIB1-BR transmissions are doubled, the corresponding acquisition time can be approximately reduced to half. In Rel-13 eMTC, depending on the parity of PCID, subframe#4 and subframe#9, or subframe#0 and subframe#9 are used for SIB1-BR repetitions. In this case, additional repetitions of SIB1-BR only can be located in subframe#0 and subframe#5, or subframe#4 and subframe#5.

Option 1 has no impact on RAN1 specification and would not introduce additional overhead. It is applicable for initial access. The only drawback of Option 1 is the increased UE implementation complexity. Option 2 has relatively larger specification impact. Furthermore, Option 2 needs relatively larger overhead. In this case, the system spectral efficiency and capacity may be reduced and more serious blocking issue would be caused which has impact on paging, RAR message and DL/UL data transmission. To achieve the same performance as Option 1, since UE needs to decode more DL resources for Option 2, more UE power consumption would be expected.

In RAN2#99bis meeting, the agreement “Indicate in MIB whether there has been or not a system information change for a certain period of time” was achieved, so new mechanism allowing to skip SIB1-BR and/or SI messages has been adopted by RAN2. Skipping SIB1-BR and/or SI messages reading can significantly reduce the system information acquisition time. So necessity of additional repetitions of SIB1-BR is further reduced. 

Proposal 4: Additional repetitions of SIB1-BR are not supported for Rel-15 MTC.
4 Conclusions

In this contribution, we have discussed solutions for the system acquisition time reduction for MTC. We make the following 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: The new additional synchronization signal provides WUS-related information

Proposal 2: Besides the new synchronization signal with WUS-related information, an additional PO-specific WUS/DTX signal is introduced for eMTC.

Proposal 3: Length-131 ZC sequence with subframe-level extension is considered for the new synchronization signal.

· Cell ID is at least carried by ZC sequence. 
Proposal 4: Additional repetitions of SIB1-BR are not supported for Rel-15 MTC.
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Annex

Table A.1 Simulation assumption

	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	BS power
	43 dBm per TX port

	System BW
	1.4 MHz

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	144, 154, 164 dB

	Residual frequency offset
	250 Hz

	Cover code
	For Alt 1:

[1 1 1 1 -1 -1 -1 1 1 -1 1] for repetition number = 1;
[1 1 1 1 -1 -1 -1 1 1 -1 1]  and [1 -1 1 -1] for repetition number = 4;
For Alt 2:

[1 -1 1 -1] for repetition number = 4
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