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1. Introduction
In RAN#69, narrow band IoT has been approved a work item with the following agreements [1]: 
NB-IOT should support 3 different modes of operation: 

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 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 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

From these agreements, one of the key design requirements is to develop a single synchronization signal for different operation modes. 
In this contribution, we present our view on the general principle of the common sync 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 baseband of 6 RB or 1.08 MHz are supported. In GERAN, NB-CIoT and NB-LTE are studied to further reduce the bandwidth to fit 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. Standalone deployment within 200 KHz

The key technical requirements of the NB-IoT SYNC signals are:

1. Bandwidth requirement:

a. The NB-SYNC signal has to fit into 180 KHz bandwidth. Therefore, we cannot reuse the existing PSS/SSS signals.
2. Interference requirement:

· For standalone design:

i. The NB-SYNC should meet the spectral requirement, e.g. GSM requirement for 200 KHz.
· For in-band and guard-band deployment:

i. The NB-SYNC channel should have minimal interference to users in adjacent RB/RBs.
3. Power level:

· For standalone deployment:

i. All Tx power can be allocated to NB-SYNC.
· For in-band deployment:

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

i. The distribution of power will depend on whether we have the same PA vs. different PA. 

4. Spectrum compatibility
a. NB-SYNC signal should either rate match around or be punctured by legacy signals.
5. Low complexity/power requirement:

a. The new sync signal design should allow for low complexity/power implementation of NB-IOT acquisition.
6. Support large coverage: 

a. The required coverage of NB-SYNC should be at similar level as eMTC for inband deployment, e.g. 155.7 dB MCL.
b. The required coverage of NB-SYNC should be at similar level as NB-CIoT for standalone deployment, e.g. 164 dB MCL.
7. Handling large frequency offset:
a. The NB-SYNC design should allow the handling of large initial frequency offset, e.g. 20 ppm for initial acquisition.
2.2. Design Principles

In this section, we provide high level design principles for NB-SYNC signals:

1. Two step synchronization signals consist of NB-PSS and NB-SSS

a. The NB-PSS design allows device to acquire system timing as well as initial frequency offset estimation.
b. The NB-SSS design allows the signaling of PCID.
2. NB-PSS design principles:

a. NB-PSS will occupy 1ms excluding the legacy signals/channels

i. For NCP, the available symbols are N=11 (or 10) by excluding 3 (or 4) legacy control symbols.
ii. For ECP, the available symbols are N=9 (or 8) by excluding 3 (or 4) legacy control symbols.
iii. FFS whether we need to support both NCP and ECP.
b. NB-PSS consists of N segments, each aligning with the legacy symbol duration.
c. NB-PSS signals are constructed in frequency domain with 15 KHz tone spacing.
d. NB-PSS signal should have good PAPR/CM properties to allow power boosting for standalone deployment.
3. NB-SSS design principles:
a. Maintain similar PCID singling capability as today

i. The split between PSS and SSS to indicate cell ID can be different from legacy LTE, e.g. fixing PSS sequence while allowing SSS sequence to indicate all cell IDs to simplify the time/frequency acquisition in PSS search.
4. Design principles for both NB-PSS and NB-SSS:

a. Indication of in-band vs. standalone, and TDD vs. FDD

i. FFS whether we need a separate indication for guard band. 

ii. This can be indicated from sequence selection, relative position, etc. similar to today’s indication of TDD vs. FDD.
b. CRS puncture into NB-PSS/NB-SSS

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

1. Network can also configure MBSFN subframes to minimize the collision between CRS and NB-PSS/NB-SSS.
ii. For in-band deployment and in symbols colliding with CRS, the CRS tones can puncture into NB-PSS/NB-SSS.
Base on these discussions, we make the following proposals:

Proposal 1:

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

Proposal 2:

NB-PSS provides time and frequency estimates, and NB-SSS provides PCID.  
Proposal 3:

NB-PSS and NB-SSS provide early indication of in-band vs. standalone 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 used 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 the common region to reduce overhead of these common signals/channels. 
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Figure 1. Synchronization Signal/Channel Design

As shown in Figure 1, a common “anchor sync channel” can be defined with fixed location for all NB-IOT devices to acquire the system. Users are distributed into different narrowband regions after SIB reading or RRC connection setup. 

This requires NB-IOT device to have the frequency retuning capability similar to eMTC design. 

2.3.2. Different density for standalone and inband 

Due to different power available, which may lead to different target SNR, for in-band and standalone deployment, the required NB-SYNC channel density may be significantly different, e.g. 

· For standalone, all transmit power can be allocated to NB-SYNC channel, thus the required transmission density can be very small.
· For in-band, 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 standalone case. 

We can have the following design options:

· Different periodicity of N-SYNC bursts:

· If it is standalone/guard-band, N-sync is transmitted every T1 ms.
· If it is in-band, N-sync is transmitted every T2 ms.
· UE can assume T1 to start, then move to T2 if it cannot detect.
· Or UE can test both hypotheses in parallel.
· Different density for each N-SYNC burst:
· Each transmission of N-SYNC burst can have different density
· If it standalone/guard-band, N-SYNC burst is L1.
· If it is in-band, N-SYNC burst is L2.
· UE can assume L1 to start, then try L2 if it cannot detect.
· Or UE can also test both hypotheses in parallel.
Based on these discussions, we make the following proposals: 

Proposal 4:

Consider different NB-PSS and NB-SSS density for inband and standalone deployment if necessary. 
Proposal 5:

Consider shared “anchor NB-PSS and NB-SSS” when multiple RBs are used for NB-IOT in in-band deployments. 

2.3.3. Handling of different levels of frequency uncertainty 
A design that is optimized for large frequency offsets only, could give poor performance in cases where the frequency uncertainty is known to be smaller. The frequency uncertainty is smaller, for example, in cases after certain number of initial channel acquisitions. 
Proposal 6:
The NB-SYNC design should allow efficient adaptation of the channel acquisition algorithm to cases of different levels of frequency uncertainty.   
3. Summary
In this contribution we presented our view on NB-SYNC channel design, and in [2], we present more detailed discussions on NB-PSS and NB-SSS sequence design. We make the following proposals: 
Proposal 1:

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

Proposal 2:

NB-PSS provides time and frequency estimates, and NB-SSS provides PCID.  
Proposal 3:

NB-PSS and NB-SSS provides early indication of inband vs. standalone deployment. 
Proposal 4:

Consider different NB-PSS and NB-SSS density for in-band and standalone deployment if necessary. 
Proposal 5:

Consider shared “anchor NB-PSS and NB-SSS” when multiple RBs are used for NB-IOT in in-band deployments. 

Proposal 6:
The NB-SYNC design should allow efficient adaptation of the channel acquisition algorithm to cases of different levels of frequency uncertainty.   
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