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Introduction
In RAN#69 meeting, NB-IoT was approved as a work item. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture [1]. 
According to [1], NB-IoT should support 3 different modes of operation: stand-alone, guard band, and in-band operations. One deployment scenario of stand-alone operation would replace one or more carriers currently used by GSM system. Guard band operation will utilize the resource blocks in guard band of LTE carriers. In-band operation will utilize the resource blocks in LTE carriers.
According to [1], the following will be supported:
· 180 kHz UE RF bandwidth for both downlink and uplink
· 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)
· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 
· Technical analysis will either perform a down-selection or decide on inclusion of both 
· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 
· RAN1 evaluation will be based on
· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)
· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation
· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network
· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria
· RAN1 will involve RAN2 as necessary
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
· Any enhancements to S1 interface to CN and related radio protocols to support the work SA2 is conducting on the systems aspects such as signalling reduction for small data transmissions.

In this contribution, we discuss several aspects of synchronization signal design.

Discussion
2.1 	OFDM symbol and CP length for synchronization signal
According to WID in [2], single synchronization signal should be designed for three different modes of operation: stand-alone, guard band, and in-band operation. In particular, synchronization signal should be designed in in-band mode without any harmful impact to legacy system. The subcarrier spacing of legacy system adopts 15 KHz subcarrier spacing and 66.67 us of OFDM symbol duration. Assuming 3.75 KHz subcarrier spacing, the OFDM symbol duration becomes 4 times of that of 15 KHz subcarrier spacing. This means that the legacy OFDM symbol may suffer from the interference of NB-IoT signal in in-band mode due to different CP length. The similar argument can be applied to guard band mode. Considering this aspect, the synchronization signal should be designed based on 15 KHz subcarrier spacing. In addition, the CP should be attached to each OFDM symbol in in-band and guard band mode, even if the CP may not be required in OFDM symbol in stand-alone mode. To be summary, the same OFDM symbol length and CP length as those of the legacy LTE system should be adopted for synchronization signal for NB-IoT. 

2.2 	Position of synchronization signal for NB-IoT
 In NB-IoT design, multiplexing synchronization signals and PBCH becomes challenging particularly in inband scenarios due to the limited number of available OFDM symbols to carry both signals. Thus, it is natural to consider different subframes for synchronization signal and PBCH transmission. For example, if NB-IoT PBCH would be transmitted in subframe #0, then NB-IoT synchronization signal would be transmitted over one or more subframes of subframe 4, 5, and 9. It is however noted that PSS/SSS would be transmitted periodically. Also, if repetition is necessary, it can be beneficial to place the repetitions in continuous subframes. 
For support of in-band mode, synchronization signal should not be located in the legacy PDCCH region (e.g., first 2-3 OFDM symbol). Generally speaking, it will be desirable to have same synchronization signal location for normal CP and extended CP if both are supported. Similar to legacy LTE synchronization signal design, a different location or a gap between PSS and SSS can be considered to differentiate FDD and TDD if NB-IoT supports TDD. Furthermore, PSS/SSS may also need to differentiate inband, guard-band and stand-alone (or at least difference between inband and stand-alone) if PBCH design or size may be different per mode. Adding information to PSS increases the UE blind search complexity, possibly more than legacy LTE UE, where a UE has to blindly search normal CP/extended CP via NB-IoT synchronization signal if both are supported. 
In terms of possible location of synchronization signal, the collision with legacy signals such as PDCCH, CRS and/or CSI-RS and/or PRS and/or others needs to be considered. With a proper configuration, it may be assumed that the network can avoid collision between CSI-RS/PRS/EPDCCH with synchronization signals. In terms of CRS handling, overall three approaches can be considered. 
One is to assume that the network can ensure the subframe where synchronization signals are transmitted would not carry CRS other than the first two OFDM symbols. This can be done via such as configuring the subframe as MBSFN subframe to the legacy UEs. This approach offers the benefits of performance and the commonality with stand-alone design. In addition, it allows at most 12 and 10 OFDM symbols to carry synchronization signals in one subframe in normal and extended CP, respectively. It however restricts the network to configure at least one or more subframes as MBSFN subframe to transmit synchronization signals of NB-IoT.
Another option is to avoid OFDM symbols which can carry CRS such as OFDM symbol #4, #7, and #8. The last approach is to puncture synchronization signals by legacy CRS transmission if they collide. Assuming the NB-IoT synchronization signal is not transmitted at the first 2 OFDM symbol for both normal and extended CP. Then, the available OFDM symbol positions for NB-IoT synchronization signal become 12 and 10, respectively. Among 12 and 10 OFDM symbols, 4 OFDM symbols are used to transmit CRS assuming 4 ports CRS transmission, which results in 8 and 6 OFDM symbol without CRS transmission for normal and extended CP, respectively. 
Last option is when more than 6 OFDM symbols are used for NB-IoT synchronization signal, which the NB-Iot synchronization signal should be punctured in the CRS resource element (RE). For example, assuming more than 6 OFDM symbols to be used for NB-IoT PSS signal, we can expect performance benefit by adopting longer PSS sequence due to better correlation characteristic. However, we can also expect performance degradation by increasing CFO estimation inaccuracy and losing sequence orthogonality.
 Though the first approach is preferred, we should carefully investigate several aspects of all possible approaches. 
Since the CP length is unknown in initial cell detection process, UE should blindly check the two possible positions depending on the CP length. In NB-IoT synchronization process, NB-IoT PSS signal should be transmitted in more than one OFDM symbol unlike legacy LTE. Hence, if NB-IoT PSS signal would be transmitted in one subframe, the detection process of NB-IoT PSS signal may become more complex due to unknown CP length. To alleviate this situation, NB-IoT PSS signal may be transmitted over multiple subframes (e.g., one symbol per slot), which may result in increased latency for cell acquisition time.  Another approach is to consider supporting only one CP type if possible to minimize the complexity. 

2.3 	Cell search procedure 
The physical cell id would be detected by two steps in legacy LTE system: cell group id detection with PSS and exact cell id detection and frame boundary detection with SSS. If the NB-IoT PSS would be transmitted over one subframe, the cell group id detection will be more complex due to two different hypothesis of CP length. Furthermore, NB-LTE operates in a lower SINR compared to legacy system, and thus synchronization signal should be more robust. Furthermore, if NB-IoT also supports TDD, the UE complexity would be more increased. Hence, we can consider the NB-IoT PSS detection without cell group id detection mechanism. Instead, physical cell id may be detected with SSS only, which will make more complex SSS detection process. As NB-IoT cell tends to cover a larger area compared to legacy LTE network, it can be considered to reduce the number of cell IDs detected by SSS to reduce the complexity. 
[bookmark: _GoBack]Since the NB-IoT PSS should be transmitted over multiple OFDM symbols, the NB-IoT PSS detection may be affected by CP insertion depending on the NB-IoT PSS detection implementation. That is, the removal of CP may break the sequence property of the NB-IoT PSS and may degrade the NB-IoT PSS detection performance. Further investigation on the performance degradation and potential enhancements to address this issue can be further considered. 
Differential encoding may be employed in the NB-IoT PSS signal for implementation of CFO estimation with less complexity. Since the CP should be inserted to support in-band mode, CP may impact the differential decoding assuming time domain processing of PSS detection. That is, the order of differential encoded sequence would be changed due to CP insertion and CP sample may become wrong reference to the next sample, which may degrade the PSS detection performance. In addition, CFO estimation with the NB-IoT PSS may be also affected by CP insertion. One possible solution would set the known reference for differential encoding in each OFDM symbol carrying the NB-IoT PSS. 

Conclusions
We discuss the several aspects of guard band operation. We have following consideration points:
· For single synchronization signal design, the same OFDM symbol length and CP length as those of legacy LTE system should be adopted for NB-IoT synchronization signal.
· CP should be inserted to support in-band mode of NB-IoT.
· OFDM symbol for PDCCH (e.g., first 2 OFDM symbols) should not be used for NB-IoT synchronization signal 
· Impact of CRS collision with NB-IoT PSS signal should be investigated
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