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1. Introduction
In RAN1#88bis the following was agreed regarding system acquisition time reduction:
Agreements:
· Techniques for system acquisition time reduction to be considered:

· PSS/SSS

· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design
· Use of NPSS/NSSS on NB-IoT anchor carrier

· PBCH

· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design
· Use of NPBCH on NB-IoT anchor carrier
· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip MIB message reading

· SIB1-BR

· Additional repetitions of SIB1-BR

· Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)

· New mechanism allowing to skip SIB1-BR reading

· E.g. SI update indication or other indication in MIB or another channel
· SI messages

· Additional repetitions of SI messages

· New mechanism allowing to skip SI message reading

· E.g. SI update indication or other indication in MIB or another channel
This contribution focuses on PSS/SSS enhancements for reducing the acquisition time for PSS/SSS. 
2. Enhanced Synchronization Signals
As available symbols to introduce PSS/SSS repetitions are few and/or can require restrictions in overall system operation, reuse of resources for PBCH repetitions is considered through orthogonal multiplexing of ePSS/eSSS repetitions by using OCC codes. 
As shown in FIGURE 1 for FDD, SF#9 (subframe#9) includes the 1st and 2nd PBCH repetitions and part of the 3rd PBCH repetition and SF#0 includes the remaining of the 3rd PBCH repetition and the 4th PBCH repetition. Among the 4 symbols in each PBCH repetition, the 0th PBCH symbol and 1st PBCH symbol include CRS REs and cannot be overlapped with additional signals as CRS REs are used by legacy BL/CE UEs as well as by non-BL/CE UEs for cell-specific channel estimation and RRM measurements. The remaining of the 2nd PBCH symbol and 3rd PBCH symbol in each PBCH repetition can be used to transmit additional sync signals, such as enhanced PSS and/or enhanced SSS (ePSS and/or eSSS). 
The 2nd PBCH symbol and 3rd PBCH symbol in each PBCH repetition are defined as a symbol group. There are 4 symbol groups as shown in FIGURE 1. Except for the 3rd symbol group, the two symbols in other groups are adjacent symbols. Each symbol group can be used to send repeated ePSS/eSSS and the symbol groups are group-multiplexed using an OCC such as {+1, -1}. The symbol group locations are not overlapped with legacy PSS/SSS/PBCH to avoid any impact on legacy UEs.
The ePSS is constructed from a single ZC sequence with root 38, which is the conjugate sequence of one conventional PSS constructed from ZC sequence with root 25. The determination of this sequence was based on the following considerations: 

· The ePSS sequence should have small cross-correlation with all three legacy PSS sequences to avoid the timing ambiguity issue when performing initial access. Since the ePSS sequence is the conjugate sequence of one of the legacy PSS sequences, max cross-correlation between ePSS and PSS sequences remains the same as the max cross-correlation among PSS sequences. 

· The detection complexity for efeMTC UEs does not increase compared to legacy UEs. Due to the conjugate property, the correlation calculation of ePSS with the received signal can be directly obtained without extra multiplication operations.  
The eSSS is constructed by reusing the SSS sequence in the associated subframe to minimize extra detection complexity and there is no issue with timing ambiguity since eSSS is detected in the frequency domain. 
FIGURE 1 illustrates an allocation of ePSSs and eSSSs where the ePSSs are multiplexed with PBCH repetition in SF#9 and the eSSS is repeated in SF#9 and SF#0.

[image: image1.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13

SF#0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

SF#9

0     1     2     3

0     1     2     3 0     1     2     3 0     1     2 3     0

1     2     3

Legacy PBCH

+1    +1

-1    -1

-1    -1

+1 +1

SSS

PSS

Legacy CRS AP0/1

Legacy CRS AP2/3

CRS copy AP0/1

CRS copy AP2/3

PBCH #3 symbol

PBCH #2 symbol

PBCH #1 symbol

PBCH #0 symbol

PDCCH with 

1~3 symbols

ePSS

eSSS

ePSS

eSSS


FIGURE 1: Locations of ePSS and eSSS.
3. Synchronization Acquisition Performance
PSS detection performance is evaluated as a function of acquisition time. The largest time domain correction peak is selected and considered a success if both the detected time instance and the detected PSS code are correct; otherwise failure is declared. Non-coherent accumulation between different sync signal transmission instances was performed. With ePSS, the local correlation results are accumulated by assuming the pre-defined location in FIGURE1. 
FIGURE 2 shows the case of a single cell scenario as coverage limited efeMTC UEs. FIGURE 2(a) shows the PSS detection probability is improved significantly by using ePSS so that the acquisition time is reduced from 800ms to 500ms at 50% PSS detection probability. FIGURE 2(b) is the Cell ID detection performance and the use of ePSS/eSSS can improve the cell ID probability from 27% to 50% after 1s accumulation time. Also from both FIGURE 2(a) and (b), we can see that the ePSS transmission has marginal impact on the PSS detection of the legacy UEs.
TABLE 1 Simulation assumptions for PSS/SSS evaluation [1]

	Parameter
	Value

	BS TX antenna configuration
	2 Tx

	System BW
	10 MHz

	Band
	Band 8 (900 MHz)

	Channel model 
	ETU

	Doppler spread 
	1 Hz

	Initial frequency error 

@ acquisition of PSS
	±5 ppm

	UE RX antenna configuration
	1 Rx
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(a) PSS detection probability 

(b) Cell ID detection probability
FIGURE 2 Synchronization performance
4. Conclusions
This contribution considered support of repetitions for synchronization signals to reduce the acquisition time for efeMTC UEs. It is shown that around 50% reduction of accumulation time can be achieved by ePSS/eSSS signals that reuse the MPBCH resources at 50% PSS detection and 30% Cell ID detection probability, respectively. This also avoids impacting legacy UEs, avoids use of additional time/frequency resources avoids timing ambiguity by using a single ePSS sequence, and avoid increasing UE complexity.
Proposal 1: Introduce ePSS/eSSS repetitions in symbols used for PBCH repetitions.
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