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Introduction
In the RAN1 #82bis meeting, the following agreements were made on the design of synchronization signal [1].
	Agreements:
· The synchronization signals of NB-IoT consist of primary synchronization signal (PSS) and secondary synchronization signal (SSS). 
· [bookmark: _GoBack]NB-IoT PSS/SSS do not use at least:
· the LTE PDCCH control region 
· FFS: number of symbols of the control region
· REs used by LTE CRS
· The following mechanisms may be considered: 
· NB-IoT PSS/SSS are punctured by LTE CRS 
· Other mechanisms (including, for example, not using OFDM symbols used by LTE CRS, or transmitting the NB-IoT PSS/SSS in LTE MBSFN subframes) are not precluded
· NB-IoT PSS/SSS design should consider different CP lengths (e.g. normal CP and extended CP) if supported 
· FFS whether cell ID information is carried by NB-IoT PSS. 
· If not, then NB-IoT physical cell ID is indicated by NB-IoT SSS 
· FFS whether the operation mode (i.e. some or all of standalone / guard-band / in-band) needs to be indicated somehow.
· FFS whether/how FDD/TDD needs to be indicated. 


In this contribution, we share our considerations on synchronization signals for NB-IoT.
Discussions
Subcarrier spacing for synchronization signals
According to the WID about Narrowband IoT [2], NB-IoT should support:
· 3 different modes of operation: stand-alone, guard-band and in-band operations
· OFDMA on the downlink
· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
In the legacy LTE system, the subcarrier spacing is 15 kHz. If the sub-carrier spacing of 3.75 kHz is adopted for in-band operation, it will cause interference to legacy system due to different CP length. On the other hand, stand-alone or guard band operation with 3.75 kHz sub-carrier spacing may be supported. In order to reduce the standardization efforts and the device manufacturing cost for NB-IoT, it is a good way to adopt a common subcarrier spacing for synchronization signal for all the 3 modes of operation. 
Observation 1:
· A common subcarrier spacing for synchronization signal can reduce the standardization efforts and device manufacturing cost for NB-IoT.
Information carried by PSS/SSS
In the LTE system, there are two synchronization signals: primary synchronization signal (PSS) and secondary synchronization signal (SSS). From detection of these two signals, UE can acquire 4 types of information: time and frequency synchronization, physical cell ID, CP length (Normal CP or Extended CP) and duplex mode (FDD or TDD). In the RAN1#82bis meeting, it was agreed the synchronization signals of NB-IoT consist of primary synchronization signal and secondary synchronization signal. If different CP length and TDD are still supported by NB-IoT, similar to that of LTE, the above 4 types of information should be acquired by detection of PSS/SSS.
As mentioned above, NB-IoT should support all the 3 modes of operation. However, different modes of operation may have different processing after cell search. For example, the demodulation of PBCH may depend on the mode of operation. Therefore, it is necessary for PSS/SSS to indicate the mode of operation.    
Proposal 1:
· NB-IoT PSS/SSS should indicate the mode of operation in addition to the information carried by LTE PSS/SSS. 
Mechanisms to resolve collision with LTE CRS
In LTE, the PSS is a Zadoff-Chu sequence of length 63 mapped to the centre carriers of the system bandwidth at the last OFDM symbol in the slots 0 and 10. The SSS is constructed by two length 31 m-sequences mapped to the centre carriers of the system bandwidth at the OFDM symbol immediately preceding the PSS. According to [2], NB-IoT supports 180 kHz UE RF bandwidth for both downlink and uplink. In order to maximize the utilization of LTE design, the PSS and SSS should be remapped in time domain. In [3], the PSS is remapped to the last 11 OFDM symbols in the subframe 4. So for in-band operation, the PSS will collide with the LTE CRS.
In the RAN1#82bis meeting, it was agreed NB-IoT PSS/SSS do not use the REs used by LTE CRS and two mechanisms were proposed to resolve the collision:
1. NB-IoT PSS/SSS are punctured by LTE CRS;
2. Transmit the NB-IoT PSS/SSS in LTE MBSFN subframes. 
For mechanism 1, the PSS/SSS reception performance will be affected. However, this affection can be improved with a longer PSS/SSS sequence. 
For mechanism 2, the PSS/SSS reception performance will not be affected by MBSFN subframes reserved for PSS/SSS transmission. However, this will restrict the number of subframes for MBSFN transmission. According to the PSS/SSS density in [3], at least one or more subframes in each radio frame should be reserved as MBSFN subframes used for NB-IoT PSS/SSS transmission even if there is only one NB-IoT PRB in in-band. So this mechanism is not good because of its affection on legacy MBSFN.       
Observation 2:
· NB-IoT PSS/SSS punctured by LTE CRS is a reasonable mechanism to resolve the collision between NB-IoT PSS/SSS and LTE CRS.      
Number of PRBs with PSS/SSS in in-band  
For in-band operation, there are two options for number of PRBs with PSS/SSS:
Option 1: Only one PRB with PSS/SSS, the other PRBs without PSS/SSS can be configured or scheduled to a NB-IoT UE. 
This option is similar to eMTC. It can reduce the overhead of common signals/channels and achieve frequency diversity or frequency selective gain. However, for NB-IoT, the PRB with PSS/SSS in the centre of the system bandwidth may be overloaded especially when eMTC is deployed.
Option 2: multiple PRBs in in-band can be used for NB-IoT and each with PSS/SSS. 
In LTE, the channel raster is 100 kHz and subcarrier spacing is 15 kHz. In order to optimize performance for in-band operation, the frequency spacing between the centres of PSS/SSS of two NB-IoT PRBs should be an integer multiple of 300 kHz. Therefore, for option 2, the NB-IoT PRBs will not align with the LTE PRBs. One NB-IoT PRB with PSS/SSS will affect two LTE PRBs. However, this option can simplify the NB-IoT UE because a NB-IoT UE can anchor and be scheduled in the same PRB in the system bandwidth. And with inter-frequency measurement and cell selection/reselection, option 2 can also achieve frequency selective gain.  
Observation 3:
· For in-band operation, further study is necessary for the number of PRBs with PSS/SSS for NB-IoT.         
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· A common subcarrier spacing for synchronization signal can reduce the standardization efforts and device manufacturing cost for NB-IoT. 
Observation 2:
· NB-IoT PSS/SSS punctured by LTE CRS is a reasonable mechanism to resolve the collision between NB-IoT PSS/SSS and LTE CRS. 
Observation 3:
· For in-band operation, further study is necessary for the number of PRBs with PSS/SSS for NB-IoT.  
Proposal 1:
· NB-IoT PSS/SSS should indicate the mode of operation in addition to the information carried by LTE PSS/SS.
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