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[bookmark: _Ref409106980]Introduction
A study item of “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” was approved at GERAN#62 [1]. Several solutions are put forward by companies in the study item, e.g., NB-CIoT, NB-LTE [2]. At RAN #69, a new WI was approved [3]. Three different modes of operations are supported by NB-IOT as:
1.	‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2.	‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	‘In-band operation’ utilizing resource blocks within a normal LTE carrier
In addition, 
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
In this paper, we first discuss synchronization channel design principles, and then provide some preliminary analysis on in band mode handling. 
General design principles
Device cost/complexity is crucial for IoT business. With the consideration that the narrow RF bandwidth and low peak data rate are preferable, cell search/synchronization has more weight in UE complexity compared with the case of legacy LTE. Single synchronization signal design for three different operation modes is very beneficial for device cost/complexity control. 
[bookmark: OLE_LINK10]Two different designs are proposed in [2] and [4] respectively. In the solution of NB-LTE (solution #1), M-PSS and M-SSS is each repeated every 20 ms, that occurs 4 times within a 80ms block. OFDM waveform is used to avoid the impact to LTE system in order to support in band deployment. In the solution of NB-CIoT (solution #2), single carrier is used for PSCH design with a duration 5ms with in 160ms. The overhead of the solutions in stand-alone operation are 5 % for NB-LTE and 5.36 % for NB-CIoT. Simulation results are provided by sourcing companies for each solution [2][5]. Table 1 summaries simulation results of two solutions for 90th percentile synchronization latency. It can be observed that the solution #1 works better in initial cell search, while the solution #2 wins at cell re-confirmation. The reason may be because of the different periodicity and the density of synchronization signal in each transmission. For initial cell search, smaller period design provides more attempts for cell detection within a given time, so that solution # 1 shows a better performance. However, for cell re-confirmation, solution #2 works better, because high density synchronization signal of each transmission can provide a quite successful detection rate for one attempt. In addition, solution # 2 may not require coherent combination cross multiple transmissions, which may help UE to save buffer size. For IoT devices, most of which are stationary, the synchronization time of cell re-confirmation is more important. As a result, high density synchronization signal with long period is slightly preferred than that of short period and low density in each shot. Further study is needed trading off between performance, cost and resource overhead.
Observation #1: High density synchronization signal design with long period is slightly preferred to shorten cell re-confirmation time. Further study is needed trading off between performance, cost and resource overhead.

Table 1 Comparison between two solutions
	
	Solution #1:
NB-LTE[5]
	Solution #2:
NB-CIoT[2]

	Initial Cell Search
	0.96s for 1 cell
0.4s for 3 cells
	1.28s for 1 cell
0.8s for 3 cells

	Non-initial cell search/
cell re-confirmation
	0.94s for single cell
1.46s for 3 cells
	0.64s for 1 cell
0.96s for 3 cells



[bookmark: OLE_LINK15]For in band deployment, in order to improve resource utilization, CRS is better reused for demodulation and/or measurement. Since the sequence of CRS is generated based on cell ID, NB-IoT deployed in band may consider having the same cell ID as LTE system. As a result, 504 unique cell IDs shall be supported as another principle of synchronization signal design.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation #2: 504 unique cell IDs shall be supported as another principle of synchronization signal design.
Support of in band mode
To support in band mode, synchronization channel needs to avoid collision with LTE CRS and DL control region as well as LTE PSS/SSS, potential PRS, CSI-RS and MBSFN subframes for PMCH transmission. Solution # 1 of synchronization channel design punctures the transmission of M-PSS on the REs for LTE CRS and M-SSS avoids the OFDM symbol carrying CRS shown as Figure 1. M-PSS and M-SSS are transmitted in the last few symbols of and subframe #9 every 20ms to avoid legacy control region and potential MSFN subframes. The punctures of M-PSS may impact the performance of synchronization for NB-IoT system and the OFDM symbol carrying LTE CRS in M-SSS is waste of resource, i.e., at least 24 REs are wasted every 40ms on the symbols between M-SSS transmission. Solution #2 of synchronization channel design uses single carrier waveform, it is hard to support in band mode because of legacy CRS. In the following, two solutions are provided to avoid the collision of legacy CRS to support in band mode.
Synchronization channel is transmitted in MBSFN subframe
In legacy LTE, MBSFN subframes could be configured for the purpose of either sending MBMS signal or muting CRS. For example, CRS may be muted by MBSFN subframes for positioning, interference avoidance in the eICIC deployment scenario. UEs with high capability are able to distinguish the MBSFN subframes for MBMS or CRS muting, because the MBSFN subframe patterns are configured by different RRC signaling for different purpose. Even if some UEs cannot identify the MBSFN subframes for CRS muting, eNB could solve this by implementation, e.g., to avoid scheduling these UEs in this kind of MBSFN subframes. On the other hand, since LTE Release-11, in MBSFN subframes DMRS-based unicast transmission has been supported, which can avoid resource waste in the CRS-muting-used MBSFN subframes.
In CRS-muting-used MBSFN subframes, the region after DL control in MBSFN subframe is clean, so that different numerology or even different waveform than OFDM can be considered for M-PSS/SSS signal transmission. 
For example, with 2.5 kHz subcarrier spacing, legacy LTE synchronization signal can be transmitted within 180 kHz bandwidth (i.e., one PRB) with 6x transmission time. So that M-PSS and M-SSS last for 2x6 OFDM symbols time, which can just fill in one MBSFN subframe and avoid 2 OFDM symbols for DL control channel, shown as Figure 2(a). If higher density can help to improve the performance, more MBSFN subframes can be configured. Shown as Figure 2(b), two continuous subframes are used for synchronization signal transmission and two signals are transmitted in each subframe. Up to 4 continuous subframes can be used for synchronization signal transmission. If the density is not enough, discontinued subframes can be considered. The periodicity candidates of MBSFN subframe configuration are10ms, 20ms, 40ms, 80ms, 160ms and 320ms, which can be chosen as periodicity of synchronization transmission.
This method can provide a clean time (i.e., 0.8568ms for normal CP) without legacy CRS for synchronization signal transmission. Different waveform may also be transmitted during this time. For example, single carrier solution may be also fit in blank MBSFN subframe region.
However, since LTE UE does not aware one PRB is used for synchronization transmission potentially with a different numerology or waveform, LTE UE may process the full band received signal. The performance may have some degradation due to the interference from different waveform or different numerology. But this may only impact to the UE who needs to decode DMRS based unicast transmission in that subframe. Further study is needed to evaluate the potential performance degradation.
Observation #3: MBSFN subframes can be considered for NB-IoT synchronization signal transmission to avoid the collision with LTE CRS. 

[image: ]
Figure 1 M-PSS, M-SSS, and M-PBCH placement to avoid potential collision with LTE essential resource elements [4]

(a)

(b)
Figure 2 Legacy PSS,SSS tranmission with 2.5kHz subcarrier spacing within in band deployment
Conclusion
In this paper, some design principles of synchronization design for NB-IoT are discussed as well as some solutions to support in band deployment. Some observations are made as:
Observation #1: High density synchronization signal design with long period is slightly preferred to shorten cell re-confirmation time. Further study is needed trading off between performance, cost and resource overhead.
Observation #2: 504 unique cell identities shall be supported as another principle of synchronization signal design.
Observation #3: MBSFN subframes can be considered for NB-IoT synchronization signal transmission to avoid the collision with LTE CRS. 
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