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1 Introduction

The NR synchronization signal (SS) design that is selected now for eMBB/URLLC will have a great impact on the future mMTC NR design. If the SS is not decodable by narrowband devices (i.e. mMTC UEs) then a separate SS design would be required for mMTC (as we have in LTE today). If the SS signals are decodable by a narrow band device then forward compatibility of future mMTC would be possible.  Thus in RAN #85 and RAN #86, the following agreements were made on the structure of the synchronization signals and the forward compatibility design in NR:
From RAN #85 [1]:

Agreements:
· NR should support of flexible NW and UE channel bandwidth
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

From RAN #86[2]:
Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

Agreements:
· Whether wideband and narrowband UEs can decode either all or partially the same NR broadcasted signals and channels, should be considered
· This doesn’t mean the broadcasted signals/channels need to be narrowband
To meet these objectives, this contribution discusses a method that allows the sharing of synchronization signals between wideband and narrowband UE.
2 Separate SS Designs for Wideband and Narrowband UEs
If a common SS for wideband and narrowband UE is not selected, then future mMTC would require additional system resources for the addition of a narrowband SS. The wideband SS for eMBB/URLLC and a narrow band SS for mMTC would be on separate resources as shown in Figure 1.
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Figure 1 Wideband SS and a narrowband SS on separate frequencies

The above figure is not to scale as the narrowband SS would require at least as much resources as the wideband SS and thus support the narrowband UE will more than double the amount of SS resources needed. For example, the NPSS (the NB-IOT PSS) uses 1 PRB every 10ms which uses more resources than the LTE PSS.
Observation: A separate SS designs for Wideband and Narrowband UEs would at least double the required SS system resources. 
3 Common SS for Wideband and Narrowband UEs
3.1 Basic Operation

It is well known that the performance of a narrowband SS will be worse that a wideband SS, thus it is advantageous to keep the SS wideband. The follow figure explains how a narrowband UE can decode a wideband SS:
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Figure 2 Narrowband sections of the wideband SS

As shown above, the narrowband UE will accumulate the narrowband sections of the wideband SS over time. 
Observation: A narrowband UE can decode a wideband SS by accumulating the narrowband section of the wideband SS over time.

In the above example, the acquisition time of the narrowband UE will be worse than the wideband UE but this is acceptable as the cost and thus performance of the wideband UE is more. However, acquisition time of the narrowband UE with this common SS design will be similar if not better than a dedicated narrowband SS design. Methods to improve coverage and acquisition time for narrowband UEs are discussed in section 3.4.
3.2 Spreading SS Across Frequency

Spliting the SS in frequency as shown below is a optimization to consider:
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Figure 3: Example of the SS units spread out across a wider band.
Breaking up the SS as shown above would create a trade-off between frequency diversity versus the negative effect due to the different delay spreads of each SS unit. We are proposing to study this optimization. 

Proposal: Study the performance impact of dividing the NR SS signals into smaller SS units spread across a wider bandwidth.
3.3 Reducing SS Search Candidates
As shown in the above figure (purple text), the SS units can be positioned every N channel rasters thus the UE then only needs to scan for the SS units at each of these known channels. For example, if we assume a channel raster of 100 kHz, then the SS units can be located every N*100 kHz, allowing the UE to scan fewer channels to find the SS, improving the performance by factor of N.  For example, if the PRB width is 180 kHz then we can use N=9 to have the SS Unit spacing every 900 kHz. 
Proposal: The number of candidate SS searches can be reduced by positioning the SS units every N channels. 
· FFS: value of N
3.4 Support for Deep Coverage
Narrowband mMTC devices have requirements for coverage extension (164 MCL) and requirements for message latency time of 10s [3]. This proposal can facilitate these requirements with additional (repeated) SS units (similar to NB-IOT) as shown in Figure 4. 
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Figure 4: The wideband SS units spread out across the entire wideband.

To reduce the overhead of the additional SS units (in blue), the SS unit repetitions do not need to be repeated for every SS unit but across the pattern which the narrowband UE will follow to accumulate the SS.
Observation: Additional repeated SS units can be added to improve UE acquisition time and coverage.
However during initial acquisition the narrowband UE doesn’t know the timing of the SSthus the UE will have to do several correlations. The number of correlations equals the width of narrowband divided by the width of SS so in the above example, the UE would have to do 6 correlations.

Observation: To support coverage extension, a narrowband UE will require an increase in number of correlations to decode the repeated SS.
4 Comparison between Common vs Separate SS Designs

This paper has shown that a common SS design is possible without reducing the performance of eMBB and URLCC UEs. The main advantages of a common design are:

· Less specification work and maintenance
· Common implementation (less engineering)
· Significantly less SS resources

· Allows a reduce SS search space (by restricting where SS can be located)
The only down side is that to add more coverage  for narrowband UEs:
· The narrowband UE will have to perform additional correlations

The number of additional correlations will depend on SS Unit width and SS total width but the worst case will like be +5 which is very likely less than the reduction in correlation due to the restricted SS search space (likely around 9) thus a common design is preferred.

Proposal: Specify a common SS design where a narrowband UE can decode a wideband SS by accumulating the narrowband sections of the wideband SS over time.

5 Summary and Conclusion

Observation: A separate SS designs for Wideband and Narrowband UEs would at least double the required SS system resources. 
Observation: A narrowband UE can decode a wideband SS by accumulating the narrowband section of the wideband SS over time.

Proposal: Study the performance impact of dividing the NR SS signals into smaller SS units spread across a wider bandwidth.
Proposal: The number of candidate SS searches can be reduced by positioning the SS units every N channels. 

· FFS: value of N

Observation: Additional repeated SS units can be added to improve UE acquisition time and coverage.
Observation: To support coverage extension, a narrowband UE will require an increase in number of correlations to decode the repeated SS.
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