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1. Introduction
In RAN#69, NB-IoT has been approved a work item with the following agreements [1]: 
· NB-IoT should support three different modes of operation: 

· ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

· ‘Guard-band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
· A single synchronization signal design will be applied to three operation modes above, including techniques for handling overlap with legacy LTE signals

· In particular, 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 subcarrier spacing (with normal or extended CP) and 3.75 kHz subcarrier 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 the inclusion of both options
· 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 stand-alone 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 modes 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 the 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.
From these agreements, one of the key design requirements is to develop a single synchronization channel for different operation. 
In this contribution, we present our views on the general principle of common synchronization channel design. 
2. NB-IOT SYNC Design
2.1. Background and Requirements

Up to Rel 13, LTE systems support the following bandwidth: 1.4, 3, 5, 10, 15 and 20 MHz. In Rel 13, we introduced eMTC, where RF and BB of 6 RB/1.08 MHz are supported. In GERAN, NB-CIoT and NB-LTE are studied for bandwidth reduction into 200 KHz, e.g. to allow re-farming of GSM bandwidth. 
The new synchronization will work for all three deployment scenarios:
1. In-band deployment within any wider system bandwidth

2. Guard-band deployment of LTE 

3. Stand-alone deployment within 200 KHz
The key technical requirements of NB-IoT SYNC channel (NB-SYNC) design include the following:

1. Bandwidth requirement
· NB-SYNC signal has to fit into 1 RB (180 KHz).  From device side, the UE only needs to support RF and BB of 180 KHz. 
2. Interference requirement
· Stand-alone Deployment
· NB-SYNC should meet the spectral mask requirement (e.g. GSM BTS) 
· In-band and Guard-band Deployments
· NB-SYNC should have minimal interference to users operating in adjacent RB(s)
3. Power level
· For stand-alone deployment
· All TX power can be allocated to NB-SYNC

· For in-band deployment
· The DL power will be distributed to other frequency tones as well with possible power boosting, e.g. up to 6 dB

· For guard-band deployment

· Power distribution will depend on whether we have the same or different PA 
4. Backward compatibility
· NB-SYNC signals should either rate match around or be punctured by legacy signals to allow co-existence
5. Overhead and reliability
· NB-SYNC signals are used by UE for cell search, including: SYNC signal detection, symbol timing, carrier frequency synchronization, frame timing and cell ID identification

· Performance and complexity of cell search strongly depends on the structure of NB-SYNC signals

· Re-transmissions of NB-SYNC signals should be allowed to improve performance of cell search 

· NB-SYNC design should consider a good tradeoff between overhead and performance 
6. Low complexity/power/latency
· NB-SYNC design should enable cell search implementations with low complexity, low power consumption and low latency
7. Support large coverage/coverage extension 

· For in-band deployment, the required coverage of NB-SYNC should be at similar level as eMTC (e.g. 155.7 dB MCL)
· For stand-alone deployment, the required coverage of NB-SYNC should be at similar level as NB-CIoT (e.g. 165 dB MCL)
8. Robustness to frequency uncertainties
· Reliable detection of NB-SYNC signals in the presence of large carrier frequency offsets

· Reliable acquisition of initial symbol/frame timing for carrier frequency offsets in the wide range of ± 20 ppm
· Large frequency offset acquisition range on the order of ± 20 ppm
2.2. Design Principles of NB-SYNC Signals
In this section, we focus on the principles for the design of NB-SYNC signals. 
1. NB-SYNC signal structure
· Comprises NB-PSS and NB-SSS

i. NB-PSS allows devices to detect the presence of NB-SYNC transmission, and to establish system timing and carrier frequency references
ii. NB-SSS allows the signaling of PCID (and other system information if needed)
2. NB-PSS design 
· NB-PSS consists of N OFDM symbols, whose symbol boundaries are fully aligned with   legacy LTE
· NB-PSS will occupy 1 ms TTI and punctured by signals/channels of legacy LTE
i. For NCP, the available symbols are N=11 by excluding 3 legacy control symbols and CRS punctures
ii. For ECP, the available symbols are N=9 by excluding 3 legacy control symbols and CRS punctures
· NB-PSS signals are constructed in frequency domain with 15 KHz tone spacing

· NB-PSS signal should have good PAPR and CM properties to allow for more efficient PA implementations 
3. NB-SSS design 
· Maintain similar PCID singling capability as today

i. The split between PSS and SSS for cell ID indication can be different, e.g. cell ID is carried by NB-SSS only, and NB-PSS serves the purposes of time/frequency synchronization purposes only
4. Deployment Mode Indication and Resource mapping
· Indication of in-band vs. stand-alone, and/or TDD vs. FDD

i. This can be achieved by from selection, relative position, etc. similar to today’s indication of TDD vs. FDD

· CRS puncture into NB-PSS/NB-SSS

i. For stand-alone, guard-band, as well as symbols where CRS does not exist, this allows maximum utilization of frequency tones for NB-PSS/NB-SSS design. 

· Network can also configure MBSFN subframes to minimize the collision between CRS and NB-PSS/NB-SSS
ii. For in-band deployment and on OFDM symbols colliding with CRS, the CRS tones can punctured into NB-PSS/NB-SSS, as shown on Figure. 1 for NCP case.
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Figure 1: Resource Mapping for NB-PSS and NB-SSS with CRS Puncturing (NCP)
To summarize, we propose the following design principles for NB-SYNC signal structure:
Proposal 1:

Support NB-PSS and NB-SSS as NB-SYNC signals.  

Proposal 2:

NB-PSS and NB-SSS provides early indication of in-band vs. stand-alone deployment, as well as TDD vs. FDD.  

2.3. Further Optimizations

2.3.1. Shared SYNC channel with distributed data communications

If multiple RBs are available for in-band deployment, it is then desirable to share the same anchor PRB for synchronization signal transmissions. This is similar to eMTC design, where PSS/SSS/PBCH and other broadcast channels are transmitted in a pre-defined, public region to reduce the overhead of common signals/channels. 
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Figure 2:  In-Band NB-IoT SYNC Design with Anchor PRB
As shown in Figure 2, a common “anchor sync channel” can be configured on fixed locations of the time-frequency grid to simplify the cell search of all NB-IoT devices.  Upon the success of cell search and system information acquisition, UEs will be distributed to different narrowband regions after completing SIB reading or RRC connection setup.  Nevertheless, it is worth noting that such a design option demands a frequency retuning capability, which will incur an increase of the cost /complexity of NB-IoT devices.
2.3.2. Different density for stand-alone and in-band modes
Due to different TX power levels for in-band and stand-alone deployments, the required NB-SYNC channel density may be significantly different, e.g. 

· For stand-alone mode, all transmit power can be allocated to NB-SYNC channel, thus the required transmission density can be very small.
· For in-band mode, the transmit power has to be shared among all DL users, with possible power boost of no more than 6 dB. Therefore, the required transmission density may be much larger than the stand-alone case and the duty cycles of NB-SYNC transmission are much less.
Based on these considerations, we propose the following design options:

· NB-SYNC periodicity adaptation according to modes of deployment

· For stand-alone/guard-band mode, NB-SYNC is transmitted every T1 ms
· For in-band mode, NB-SYNC is transmitted every T2 ms
· For initial cell search, UE can either assume T1 by default, and proceed to T2 if no NB-SYNC is detected within a given time window; or, UE can test both hypotheses in parallel
· NB-SYNC duration adaptation according to modes of deployment
· For stand-alone/guard-band deployment, NB-SYNC burst duration is set to L1

· For in-band deployment, NB-SYNC burst duration is set to L2
· For initial cell search, UE can either assume L1 by default, and proceed to L2 if no NB-SYNC is detected within a given time window; or, UE can test both hypotheses in parallel
To summarize, we propose the following: 

Proposal 3:

Consider different NB-PSS and NB-SSS density for in-band and stand-alone deployments if necessary. 
Proposal 4:

Consider shared “anchor NB-PSS and NB-SSS” when multiple RBs are used for NB-IOT in inband deployments. 
3. Summary
In this contribution, we have presented our views on the general principles of NB-SYNC design for low-cost UEs, which is compatible with different modes of deployments. The signal structure, resource allocation and transmit scheduling design for NB-SYNC aim to optimize the cell search performance under the constraints of coverage, capacity, overhead, complexity, battery life and latency, as well as to accomplish a better co-existence with legacy systems for in-band/guard-band deployment.  More details regarding the optimization of NB-PSS and NB-SSS signal structure are presented in [2]. 
To conclude, our proposals can be summarized as follows:
Proposal 1
Support NB-PSS and NB-SSS as NB-SYNC signals.  

Proposal 2
NB-PSS and NB-SSS can provide early indication of in-band vs. stand-alone deployment. 
Proposal 3:

Densities of NB-PSS and NB-SSS can be made adaptive to in-band and stand-alone deployment if necessary. 
Proposal 4:

For NB-IoT in-band deployment, shared “anchor NB-PSS and NB-SSS” can be employed when multiple RBs are available.
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