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1. Introduction
“New WI: NarrowBand IOT (NB-IOT)” ([1]) was approved in RAN #69 meeting. NB-IOT should support three operation modes: ‘Stand-alone operation’, ‘Guard band operation’ and ‘In-band operation’. At least the following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink

· For the uplink, two options will be considered: FDMA with GMSK modulation and SC-FDMA 
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
In this contribution, considerations on synchronization signal design of NB-IOT are discussed.
2. Synchronization

2.1. Unified synchronization signal design
‘Stand-alone operation’, ‘Guard band operation’ and ‘In-band operation’ are supported in NB-IOT. The main function of synchronization signal is cell search (including time synchronization, frequency synchronization, and cell identity detection). Synchronization only occurs during initial access procedure or neighbouring searching procedure, compared with UE transmission and reception time, synchronization time is very small. The overall gain would be limited if synchronization signal is optimized for each operation mode. Furthermore, unified synchronization signal design for three operation modes would reduce standardization work and be beneficial for implementation complexity and cost reduction of NB-IOT UEs. Hence, it is necessary to design a single synchronization signal for three operation modes.
2.2. Structure of synchronization signal
Two types of synchronization signal were discussed in LTE Rel-8: hierarchical and non-hierarchical SCH structure. For hierarchical SCH structure, symbol timing can be detected by taking the cross-correlation between the received signal and the P-SCH replica in time domain. For non-hierarchical SCH structure, symbol timing is detected by taking the auto-correlation of the received signal. Cross-correlation based detection is very sensitive to frequency offset and Doppler shift and requires high computational complexity. But auto-correlation based detection exhibits very poor timing recovery performance when the SNR is low. Hierarchical SCH structure has been adopted in LTE Rel-8 since hierarchical SCH structure achieves shorter cell search time performance than the non-hierarchical SCH structure. For the perspective of maximum reuse of LTE design, hierarchical SCH structure is considered for NB-IOT. 
Further, NB-IOT UEs may be deployed in much worse environment and need to support up to 164 dB MCL. Considering that the bandwidth of NB-IOT is only 200 KHz, NB-IOT may face greater time/frequency error during cell search. In order to further reduce cell search time and UE’s power consumption, synchronization signal design of NB-IOT should also take advantage of non-hierarchical SCH structure. A hierarchical structure of synchronization signal for NB-IOT including PSS and SSS is shown in Figure 1. PSS is composed of two same parts: PSS-1 and PSS-2 and SSS is also composed of two same parts: SSS-1 and SSS-2. 
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Figure 1 Hierarchical structure of synchronization signal for NB-IOT
Proposal 1: Synchronization signal design of NB-IOT should base on hierarchical SCH structure and also take advantage of non-hierarchical SCH structure.
2.3. Simplification of Synchronization Signal
In order to reduce interference from neighbouring cells, three PSS sequences and scrambling on SSS sequences were considered in LTE Rel-8. Considering that the bandwidth of NB-IOT is only 200 kHz, interference from neighbouring cells can be reduced by frequency division. Compared with LTE, synchronization signal design for NB-IOT can be simplified. For example, only one PSS sequence can be considered and the scrambling of SSS sequences can be omitted. 
Proposal 2: Compared with LTE, synchronization signal design for NB-IOT can be simplified.
2.4. Sub-carrier spacing

According to [1], 15 kHz sub-carrier spacing and 3.75 kHz sub-carrier spacing can be considered. 15 kHz sub-carrier spacing can tolerate larger frequency offset but is more sensitive to timing error while 3.75 KHz sub-carrier spacing can tolerate larger timing error but is more sensitive to frequency offset. For simplification of UE implementation, sub-carrier spacing of synchronization signal should be same as that of downlink traffic channel. Sub-carrier spacing of NB-IOT in downlink would be determined according to the evaluation results of downlink traffic channel. To better support ‘Guard band operation’ and ‘In-band operation’, 15 kHz sub-carrier spacing is more preferable.

Proposal 3: Sub-carrier spacing of synchronization signal should be same as that of downlink traffic channel and sub-carrier spacing of NB-IOT in downlink would be determined according to the evaluation results of downlink traffic channel.
2.5. Consideration on synchronization sequence
Considering that ZC sequence has the advantage of low CM, time-frequency constant modulus, and good orthogonality, it is suggested to use ZC sequence at least as PSS sequence for NB_IOT. The length of ZC sequence depends on the selection of sub-carrier spacing. Selection of root indices would follow the principles same as those in LTE Rel-8, such as CM and sensitivity to frequency offset, etc.
Proposal 4: ZC sequence is at least used as PSS sequence for NB-IOT.

2.6. Transmission location of synchronization signal
For ‘In-band operation’ mode, synchronization signal design of NB-IoT should consider the potential collision with legacy LTE signals, such as LTE PSS/SSS, PBCH, PDCCH/PHICH/PCFICH, and CRS, etc. The middle 6 PRBs of legacy LTE system include many essential channels (such as SCH, PBCH) that are needed by legacy LTE UEs. Considering that NB-IoT only occupies one PRB bandwidth, ‘In-band operation’ mode would preclude the case that NB-IoT is deployed in “middle 6 PRBs”. Two alternatives can be considered to resolve the collision problem with PDCCH/PHICH/PCFICH and CRS.
· Alt 1: Synchronization signal is transmitted starting from kth (k>=4) OFDM symbol in a subframe to avoid collisions with PDCCH/PHICH/PCFIH. Two cases can be considered.
· Alt 1a: Synchronization signal is transmitted in non-CRS OFDM symbols + OFDM symbols containing CRS as shown in Figure 2(a). In the OFDM symbols containing CRS, synchronization signal would be punctured in the RE occupied by CRS.

· Alt 1b: Synchronization signal is transmitted in non-CRS OFDM symbols as shown in Figure 2 (b).

· Alt 2: Synchronization signal is transmitted in MBSFN region configured by eNB. By this way, up to 13(Normal CP case)/11(Extended CP case) OFDM symbols can be used for synchronization in a subframe. Compared with Alt 1, it is possible to reserve more resources for synchronization signal transmission if MBSFN subframes are not used for MBMS service. But collisions would occur if MBMS traffic is transmitted in a MBSFN subframe. The collisions can be avoided by scheduling.

[image: image2.emf]0  l 6  l 0  l 6  l

PSS/SSS

0



l 6



l

0  l 6  l

PSS/SSS


(a)                                                                            (b)

Figure 2 Location of Synchronization signal in a subframe

Proposal 5: Further studies on time-frequency location of synchronization signal are needed to avoid potential collisions with legacy LTE signals such as PDCCH/PHICH/PCFIH and CRS.
According to [2], the channel raster is 100 kHz for all bands. For the convenience of synchronization detection in ‘In-band operation’ mode, synchronization signal should be transmitted in the sub-carriers whose centre sub-carrier is multiple of 100 kHz. 
Proposal 6: For the convenience of synchronization detection in ‘In-band operation’ mode, synchronization signal should be transmitted in the sub-carriers whose centre sub-carrier is multiple of 100 KHz.
3. Conclusion

In this contribution, considerations on synchronization signal design of NB-IOT have been discussed. We make the following proposals:
Proposal 1: Synchronization signal design of NB-IOT should base on hierarchical SCH structure and also take advantage of non-hierarchical SCH structure.

Proposal 2: Compared with LTE, synchronization signal design for NB-IOT can be simplified.

Proposal 3: Sub-carrier spacing of synchronization signal should be same as that of downlink traffic channel and sub-carrier spacing of NB-IOT in downlink would be determined according to the evaluation results of downlink traffic channel.

Proposal 4: ZC sequence is at least used as PSS sequence for NB-IOT.

Proposal 5: Further studies on time-frequency location of synchronization signal are needed to avoid potential collisions with legacy LTE signals such as PDCCH/PHICH/PCFIH and CRS.
Proposal 6: For the convenience of synchronization detection in ‘In-band operation’ mode, synchronization signal should be transmitted in the sub-carriers whose centre sub-carrier is multiple of 100 KHz.
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