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1. Introduction 
At RAN1 #84bis and #85, the following were agreed regarding the support of multiple numerologies and the aspects of synchronization signals design.
Agreements on supporting multiple numerologies in the same carrier [2]:
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency
Agreements regarding synchronization signal for a NR carrier supporting multiple numerologies [3]:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· Multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

Unlike the 4G system (where only a single numerology is supported), DL synchronization signals in NR are required to provide symbol and frame timing synchronization and frequency acquisition for all the supported numerologies. In this contribution, we discuss several DL synchronization signal design options for supporting initial access with different numerologies in NR. We analyze and compare them in the key aspects of implementation complexity, flexibility, forward compatibility, etc. 

2. Design Consideration for NR Synchronization Signals
We discuss two DL synchronization design options, and compare them in implementation complexity, flexibility, forward compatibility, and other key aspects. 
· Option 1: Common DL synchronization signals for different numerologies in the NR carrier
· Option 1A: subcarrier spacing is known to UE
· Option 1B: subcarrier spacing is unknown to UE 
· Option 2: Numerology specific DL synchronization signals for different numerologies in the NR carrier

2.1. Option 1: Common DL Synchronization Signal
Option 1A: Subcarrier spacing is known to UE
In this option, a common DL synchronization signal with a predefined numerology (e.g. the subcarrier spacing) is used in a NR system, then the detection procedure at a UE may be similar to 4G LTE/LTE-A. This is due to that the UE knows the subcarrier spacing of the DL synchronization signals and does not need to blindly detect the subcarrier spacing of the DL synchronization signals. 
[bookmark: _GoBack]As shown in Figure 1, there are three different numerologies supported in a NR system and the DL synchronization signal uses only a particular numerology in this example. This design option has forward compatibility because it’s independent on numerology. However, this option may lose some resource allocation flexibility because a NR carrier has to reserve channel resources for this DL synchronization signal with a fixed numerology, which can be different than the numerologies used by other data/control channel in the NR carrier. In addition, this might lead to guard bands or filtering operation to mitigate interference between sub-bands used by DL synchronization signals and other data/control channels. 




Figure 1. Common DL Synchronization Channel 

Option 1B: Subcarrier spacing is unknown to UE
In this option, a common DL synchronization signal with a single numerology (which the UE has no prior knowledge) is used in a NR system. In this case, UE needs to blindly detect multiple hypotheses where each hypothesis corresponds to a possible numerology used by DL synchronization signal. This option may give the NR system full flexibility to allocate resources for DL synchronization signals, and choose an appropriate numerology for synchronization signals among different numerologies. However, the complexity can be a burden for UE to perform blind detection.

2.2. Option 2: Numerology-Specific DL Synchronization Signals
In this option, numerology-specific DL synchronization signal is allocated for each supported numerology in a NR carrier. As shown in Figure 2, there are three different numerologies supported in the NR carrier and numerology-specific DL synchronization signal is transmitted in the sub-band used by each numerology. This option requires more DL synchronization resources than Options 1A and 1B.  In the aspect of resource allocation flexibility, this option is similar to option 1B. Another potential benefit is that it may use different DL synchronization signals periodicity for different numerologies (or use cases). 




Figure 2.  Numerology Specific DL Synchronization Channel 

Based on the discussion and analysis above, our views of the aforementioned DL synchronization signal design options are summarized in the Table 1 below. 
Table 1: Summary of DL Synchronization Options
	
Options
	Resource for
DL Sync Signal
	Detection
Complexity
	Forward
Compatibility

	Option 1A: common DL sync – with known numerology
	Resource overhead is low, but lack of resource allocation flexibility due to fixed numerology
	Low
	Good

	Option 1B: common DL sync – with unknown numerology
	Resource overhead is low, also has resource allocation flexibility  – less numerology allocation constraint  
	High
– blind detection
	Good

	Option 2: numerology-specific DL sync 
	Resource overhead is high,  but has resource allocation flexibility  – less numerology allocation constraint  
	Low
	Poor


3. Conclusions
In this contribution, we discussed several DL synchronization signal design options for supporting different numerologies. Each option has its pros and cons in the aspect of resource allocation, detection complexity and forward compatibility. Based on this discussion, we propose that RAN1 should further study these design options for the DL synchronization signals to support multiple numerologies in NR.

Proposal: RAN1 should further study these design options for the DL synchronization signals to support multiple numerologies in NR.
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