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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed to support a NR carrier using multiple numerologies in RAN1 #85 [1]:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
For a NR carrier using multiple numerologies, it was further agreed to study means to share a synchronization signal in RAN1 #85:
· 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
A working assumption on scaled subcarrier spacing was made in RAN1 #85:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology
In this contribution, we discuss means to share a synchronization signal for a NR carrier using multiple numerologies, especially concerning scaled subcarrier spacing.

Issues and design objectives
New Radio (NR) access technology aims to meet a broad range of use cases including enhanced mobile broadband, massive Machine Type Communication (MTC), critical MTC, and additional requirements defined during the RAN requirements study [2]. To address various scenarios and requirements, NR may support multiple numerologies, e.g., via scalable numerology and/or mixed numerology. More specifically, a carrier with scalable numerology may operate with different subcarrier spacing in a Time Division Multiplexing (TDM) manner, i.e., at some time instances the subcarrier spacing takes one value while at some other time instances the subcarrier spacing takes some other values. A carrier with mixed numerology may be operated with multiple subcarrier spacing values in a Frequency Division Multiplexing (FDM) manner, i.e., the carrier is divided into several subbands in the frequency domain, where each subband uses a specific subcarrier spacing value. To avoid Inter-Carrier-Interference (ICI), subband specific filters may be added for a mixed carrier. 
In order to simplify system design and reduce overhead, it is expected to design common synchronization signal for a NR carrier with multiple numerologies.  
Synchronization signals
In order to achieve common synchronization signal for a NR carrier using multiple numerologies, the two alternatives as discussed in section 3.1 and section 3.2 can be considered.  
Common Synchronization Signal with an X-time repetitive waveform
Transceiver 
The intention is to generate a same time domain signal using different subcarrier spacing, which avoids ICI and simplifies implementation. 
Transmitter
· Mapping to Resource Elements 
The mapping is subcarrier spacing specific, as shown in Figure 2, where two subcarrier spacing with Scale Factor (SF)  are supported. For SF1, PSS sequence is mapped to every other RE, i.e., X=2 as in Equation 1, while for SF2, PSS sequence is mapped in a localized way, i.e. X=1.

							(1)
· OFDM Symbol Generation
The OFDM symbol generation is unchanged from LTE, i.e. the OFDM symbol is generated using the selected subcarrier spacing according to SF.
The time domain signal  is a X time repetition of the time domain signal , as proved in Appendix A.
             	           (2)
The time repetition property can be further shown in Figure 3, considering the basic subcarrier spacing 15 kHz with SF1 and SFX. The mapping is SF specific as given in Equation 1 and the FFT size is 2048.
· Time Repetition
For SF greater than 1, i.e. SFX, the synchronization signal is further repeated in the time domain to form an X time repetition, as shown in Figure 2 (X=2 as an example). Therefore a common time signal can be achieved for both SF1 and SFX. It should be noted that the time repetition is done immediately after the first OFDM symbol, i.e. without inserting Cyclic Prefix (CP) in between. The repetitive property can be further shown in Figure 3, where time domain samples for  and  are provided.


Figure 2. Mapping and repetition for subcarrier spacing SF1 and SF2 at the transmitter
[image: ]
Figure 3. Time domain samples (Not all samples are shown for better readability)

Receiver
Thanks to the common synchronization signal property, the LTE SYNC receiver structure can be reused, i.e. a common low pass filter and common baseband processor (e.g. matched filter for PSS signal processing) may be used, as shown in Figure 4.


Figure 4. Receiver structure for common synchronization signal


Benefits
· Reduces implementation complexity due to enabling single IFFT 
LTE synchronization signal is generated by mapping a sequence in the frequency domain, and then OFDM modulated, i.e. processed by a single IFFT even when there are other signals/channels transmitted in the same OFDM symbol. This is especially convenient when the network may operate with different bandwidths using one single subcarrier spacing, as the PSS signal generation can share the same OFDM symbol generation with other FDM multiplexed signals/channels. 
However, it would be not feasible to use a single IFFT if different sub-carrier spacing values are used for synchronization signal and other signals/channels transmitted in the same OFDM symbol. Generating the common synchronization signal with an X-time repetitive waveform can still use single IFFT, thus it can reduce the implementation complexity.  
However, further investigation can be carried out to evaluate the impact on forward compatibility, NR frame structure design, MIB detection complexity and trade-off between performance and overhead.
Common synchronization signal with default subcarrier spacing
Transceiver 
The intention is to generate common synchronization signal with default subcarrier spacing. The default subcarrier spacing belongs to one of the candidate subcarrier spacing values for the carrier, where the candidate subcarrier spacing values for a carrier may be dependent on the carrier frequency of the carrier. The bigger subcarrier spacing could be used as the default subcarrier spacing considering it may provide better time resolution and may be more robust to high speed scenario, e.g. 30 kHz could be used when the candidate subcarrier spacing values includes 15 kHz and 30 kHz. On the other hand, using the narrower subcarrier spacing as the default will provide better coverage. However, which subcarrier spacing to be used can be further studied and evaluated. 
Transmitter
Similar scheme (e.g. sequence generation and OFDM symbol generation) in LTE can be reused by replacing 15 KHz with the default subcarrier spacing. One example of synchronization signal using default subcarrier spacing of 30 kHz is provided in Figure 5.


Figure 5. Mapping of synchronization signal using a default subcarrier spacing of 30 kHz
  
Receiver
Since common synchronization signal can also be achieved, the LTE SYNC receiver structure can also be reused as generating common synchronization signal with an X-time repetitive waveform discussed in section 3.1.   

Benefits
· Reduces blind decoding of essential system information (e.g. MIB)   
[bookmark: _GoBack]Same default sub-carrier spacing can be used for both synchronization signal and essential system information transmission, which can avoid the blind decoding of essential system information transmission for subcarrier spacing. The subcarrier spacing used for other signals/channels (e.g. shared channels) can be indicated in the essential system information or RRC signaling. 
· Reduces implementation complexity due to reducing the blind detection of MIB   
Reducing the blind detection of essential system information transmission can reduce the implementation complexity at the UE side.  
· Good forward compatibility to additional numerology 
The synchronization signal is basically not related to the numerology, which provides good forward compatibility to additional numerology.  

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss means to share a common synchronization signal for a NR carrier using multiple numerologies, especially concerning scaled subcarrier spacing. 
It is further realized that there might be multiple UE types for NR with capabilities of a limited number of subcarrier spacing values and/or frequency bands, i.e. not as many as the network. It would be therefore desired for the network to transmit a synchronization signal detectable by any type of UEs even with limited subcarrier spacing/frequency band capability. This may have an implication that the synchronization signal transmission having a linkage to the UE capability.  
Proposal:	Study the following means for achieving common synchronization signal for a NR carrier using multiple numerologies:
· Common synchronization signal with an X-time repetitive waveform and different subcarrier spacing values. X equals to the largest Scale Factor.
· Common synchronization signal with default subcarrier spacing. FFS the value of the default subcarrier spacing, e.g. frequency band dependent. 
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Appendix A. Time-repetitive waveform
The OFDM waveform without a cyclic prefix can be defined by:



for , where ,  is 2048,  and  according to the LTE standard. Hence it is possible to define:   

and

The sampled version by setting  is:

for  where  is a Fourier coefficient at frequency .
LTE PSS sequence is given by:


where u is the Zadoff-Chu root sequence index.
Subcarrier Spacing with SF1
For SF1, PSS sequence is mapped to 1 RE in every X REs, as in Equation 1. Therefore the sampled signal is:

It can be further shown that:


This proves that  is time domain X repetition waveform.
Subcarrier Spacing with SFX
For SFX, PSS sequence is mapped in a localized way, as in Equation 1. Therefore the sampled signal is:


This, together with the above conclusion that  is time domain X repetition waveform, proves that the time domain signal   is X repetition of the time domain signal  (without considering normalization factor).
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