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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
Three alternatives were agreed to be studied for the numerology of NR synchronization signal(s) in RAN1#86 as follows [3]:
	Agreements:
· For subcarrier spacing of each synchronization signal (e.g. NR PSS,SSS) in a NR carrier, the following alternatives should be studied
· Alt 1: Subcarrier spacing is predefined in the specification for a given frequency range
· Ex: 15kHz for sub-6GHz, 60kHz for over-6GHz
· Note that there are more than one frequency ranges
· Alt 2: Subcarrier spacing is selected by NR BS
· FFS: Details on the set of possible numerologies
· Note: Blind detection of multiple numerologies can be considered
· Alt 3: Single subcarrier spacing is predefined in the specification for all frequency ranges
· Other alternatives are not precluded
· NR synchronization signal is based on CP-OFDM
· Note that DFT-spread-OFDM based design is not precluded



In this contribution alternatives for the synchronization signals’ numerology are discussed and preferred alternative proposed. 
2	Discussion
In general, subcarrier spacing needs to be increased as a function of carrier frequency due to: 
· Effect of oscillator phase noise increases quadratically with carrier frequency
· Maximum Doppler frequency increases linearly with carrier frequency 
· Beamforming, especially beam sweeping of common channels, at higher carrier frequencies requires short symbols in order to keep overhead low
· Available spectrum and channel bandwidth increases with carrier frequency. Higher subcarrier spacing supports increased channel bandwidth with reasonable (I)FFT implementation complexity.

Table 1 below illustrates exemplary physical layer parameters for below 6 GHz and 6-40 GHz carrier frequency ranges to align with above characteristics and requirements. As different sub-carrier spacing’s imply different timing accuracy requirements (due to anticipated difference in CP length), the synchronisation channel bandwidth would need to be scale accordingly.
 
Table 1 Sync channel requirements.
	Carrier frequency range
	< 6 GHz
	6-40 GHz

	SCS set [kHz]
	15
	60
	60
	240

	CP [us] [NCP/ECP]
	4.69
	N/A
	1.17
	4.69
	1.17
	N/A
	0.29
	1.17

	Required synch signal bandwidth [MHz] to reach CP/4 timing accuracy
	1
	4
	4
	16



Observation 1: Synchronization signal bandwidth requirements are different in different carrier frequency ranges. Required bandwidth scale with CP size reduction (4x when going from <6 GHz to 6-40 GHz) and SCS increase. 
In respect to Alternative 2, the main justification can be would appear to be to enable uses of different sub-carrier spacing’s for different kind of deployments (within same frequency range). For example it could be considered that indoor cell deployed at below 6 GHz band would only operate using 60 kHz sub-carrier spacing and providing initial access signals e.g. using 15 kHz would not allow pure 60 kHz operation. On the other hand, having multiple possible numerologies within a certain frequency band range introduces the following obstacles:
· UE’s cell search complexity would increase as different synch signals should be searched in initial search and in continuously happening cell search
· There may be UE categories that support only a single numerology within a carrier frequency band
· If supported numerologies may be different among UEs, the BS should transmit synchronization signal per numerology which introduces system overhead for waste

Observation 2: Alternative 2 is not seen feasible because of complexity and potential system overhead.
For Alternative 3, having fixed subcarrier spacing for synchronization signal over the all carrier frequencies would mean different synchronization signal structures and sequences due to different bandwidth requirements. More, e.g. using 15 kHz as synchronization signal SCS to provide good coverage at below 6 GHz macro cells would be problematic e.g. at higher carrier frequencies where multi-beam synchronization signal beam sweeping would require shorter symbols. In addition, assuming that e.g. at 6-40 GHz carrier frequency range 60 kHz and 240 kHz SCS would options for control and data to account the increase in phase noise and Doppler, using 15 kHz SCS for synchronization signal transmission would increase implementation complexity. 
Observation 3: Alternative 3 is not considered feasible from implementation complexity point of view and being incompatible with efficient sweeping structures. 
Thus, our preferred approach is Alternative 1, i.e. to define a default numerology per frequency band range for the initial access signals and channels. That would mean that preferably only one numerology is specified explicitly for a frequency band as a default numerology the system/cell uses at least for initial access signals and channels. 
Proposal 1: Subcarrier spacing is predefined in the specification for a given frequency band range for the initial access signals and channels:
· Downlink synchronization signal(s)
· Physical broadcast channel to transmit essential system information
· Reference signals for beam and mobility measurements

One very important design criteria is to consider the agreement to strive towards supporting single- and multi-beam operation, TDD/FDD, licensed and unlicensed operation under same unified framework. Considering all these requirements, having a synchronization signal design that is well contained in time domain would provide good forward compatibility. When support of beam sweeping (in relation to analog/hybrid beam forming) are accounted it would appear that from system efficiency perspective, shorter synchronization signal time duration is desirable to enable fitting more synchronization signals to one sweep duration. Also when forward compatibility and synergy with unlicensed band operation are included in the design requirements, merits of shorter time duration of the synchronization signal are further amplified. 
Observation 4: Synchronization signal should be well contained in time to enable feasible support of different NR scenarios.

In addition fast detection of synchronization signals from new cells (or similar sources, as an example) would be  beneficial for efficient cell search and measurements and to support unlicensed operation and. Specifically, as the presence of “always on”-type reference signals will be minimized, there will be no aid from such RS to alleviate cell search and measurement, NR synch signal should support very good one-shot detection performance. Furthermore, in multi-beam configuration in order to reduce system overhead from synchronization signal beam sweeping the transmission of synchronization signal towards certain direction may need to have periodicity larger than e.g. 5 ms used in LTE, to enable supporting higher beam granularity (e.g. sweep) in the cell. If similar baseline cell detection performance as in LTE it is assumed and if the beam is transmitted to certain direction every e.g. 20 ms, it would imply 4x higher cell detection delay than in LTE. Hence it would be preferable to enable as very good probability of UE being able to detect the cell from one synchronization signal occurrence.
As can be seen in [4], bandwidth and sequence length increase improve detection performance with constant PSD at transmitter. On the other hand, minimum system bandwidth sets the maximum allowed bandwidth for the synch signal. At below 6 GHz, 5 MHz minimum system bandwidth is assumed. Given that and referring to initial performance results at 4 GHz [4], it seems that 15 kHz subcarrier spacing allowing longer sequence with the same bandwidth as with 60 kHz subcarrier spacing would provide noticeable better performance, also in high velocity cases. 
Observation 5: 15 kHz SCS for synch signal is noticeable better compared to 60 kHz at 4 GHz given the same signal bandwidth.
Proposal 2: Adopt Alternative 1, i.e. subcarrier spacing is predefined in the specification for a given frequency band. Based on initial results at 4 GHz 15 kHz SCS would seem as a suitable candidate for below 6 GHz as synchronization signal SCS. 
3	Conclusions 
In this contribution numerology options for synchronization signals were discussed. The following observations and proposals are drawn:
Observation 1: Synchronization signal bandwidth requirements are different in different carrier frequency ranges. Required bandwidth scale with CP size reduction (4x when going from <6 GHz to 6-40 GHz) and SCS increase.
Observation 2: Alternative 2 is not seen feasible because of complexity and potential system overhead.
Observation 3: Alternative 3 is not considered feasible from implementation complexity point of view and being incompatible with efficient sweeping structures.
Observation 4: Synchronization signal should be well contained in time to enable feasible support of different NR scenarios. 
Observation 5: 15 kHz SCS for synch signal is noticeable better compared to 60 kHz at 4 GHz given the same signal bandwidth.
Proposal 1: Subcarrier spacing is predefined in the specification for a given frequency band range for the initial access signals and channels:
· Downlink synchronization signal(s)
· Physical broadcast channel to transmit essential system information
· Reference signals for beam and mobility measurements 
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