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1 Introduction
In RAN1#87 meeting the structure of synchronization signals was discussed and the following agreements were made:
Agreements:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting

· SS burst set periodicity

· Subcarrier spacing

· Sequence length

· Sequence type

· Number of IDs provided by NR-PSS/SSS

· Resource mapping/multiplexing

· Following target requirements should be taken into account in NR-PSS/SSS design

· Robustness against initial frequency offset up to 5 ppm

· 10 ppm as optional requirement

· Reasonable complexity for NR-PSS/SSS detection

· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario

· Note: for mMTC, different target requirements may be considered

· Following aspects can be considered (not an exhaustive list)

· Low system overhead due to NR-PSS/SSS transmission

· Low PAPR of waveform for possible power boosting transmission

· Multiplexing with other signal/channel for efficient operation

· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH

In this document, we discuss such aspects of synchronization signal structure as bandwidth and multiplexing.
2 Discussion
Bandwidth of synchronization signals

In LTE, the bandwidth for synchronization signal (SS) transmission is equal to 6 RB which corresponds to the minimal system bandwidth of 1.4 MHz. This minimal system bandwidth potentially allows to re-farm spectrum previously allocated to GSM/CDMA2000. A similar design principle should be used in NR, i.e., SSs occupy the minimal system bandwidth.
Proposal:

· In NR, synchronization signals occupy the minimal system bandwidth.
However, due to the reasons partially discussed in our companion contribution [2], the bandwidth for SS transmission in NR should be increased, for example, to support a wider SSSs in the frequency domain in order to have a larger number of cell IDs than in LTE. Therefore, the minimal system bandwidth for NR should be also increased. At the same time, an opportunity to refarm spectrum currently allocated to LTE and possibly WCDMA should also be taken into account. As a compromise decision, the minimum system bandwidth of 5 MHz can be used in NR for below 6 GHz. For NR cells deployed above 6 GHz, wider transmission bandwidths are expected including the minimal bandwidth. In this case, the SS transmission and reception may benefit of the increased subcarrier spacing. For example, larger subcarrier spacing improves the resistance of SS to carrier frequency offset. The minimal system bandwidth of 20 MHz for above 6 GHz allows up to four times increase in the subcarrier spacing comparing to LTE.
Proposal:

· The minimal system bandwidth in NR is 5 MHz for below 6 GHz and 20 MHz for above 6 GHz.

Multiplexing of synchronization signals

Two approaches for construction of (SS) block can be considered with FDM and TDM multiplexing of PSS and SSS. Considering the same amount of time and frequency resources the two possible options for PSS and SSS multiplexing are shown in Figure 1. For both options, we assume that SS block occupies the same transmission frequency bandwidth and time duration.
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(a) Frequency domain structure of SS block
(b) Time domain structure of SS block

Figure 1. Multiplexing of PSS and SSS within SS block

For SS block structure with FDM multiplexing between PSS and SSS, the SS block consists of one OFDM symbol with PSS and SSS transmitted on non-overlapping REs. In addition, the support of guard band (GB) subcarriers to separate PSS and SSS in the frequency domain should be considered for this multiplexing option to minimize the ICI between PSS and SSS transmissions. In this case the GB can be considered as additional overhead that should reduce the SS processing gain of SS block with FDM multiplexing. 

For SS block with TDM multiplexing between PSS and SSS, the SS block has two OFDM symbols. However, to accommodate the same amount of time resources as for FDM multiplexing, the duration of the OFDM symbols of PSS and SSS should be reduced by considering larger subcarrier spacing. The CP duration for TDM multiplexing should be also scaled that makes TDM based approach less robust to possible inter-symbol interference caused by channel propagation delays. In particular the effect of the propagation delays is expected to be more pronounced for PSS transmission due to the use of the limited amount of the sequences causing larger delays spread of the effective channels. Therefore, the use of the reduced CP duration for PSS transmission should be investigated for TDM option.

Dedicated OFDM symbols for PSS and SSS signal in TDM structure of SS block offers low PAPR sequence designs. The low PAPR properties of properly design PSS and SSS can be exploited for the power boosting. The power boosting, however, would require no transmission of the other signals in the corresponding OFDM symbols such as PBCH or PDSCH. When NR SS are the only signals occupying an OFDM symbol, the maximum power boost available (for either TDM or FDM structure) will be determined by the required minimum EVM needed for sufficient receiver detection performance. In such scenarios, transmission sequences with lower PAPR would potentially enable higher transmit power while obtaining the same transmit EVM. When the required EVM for PSS and SSS are different, TDM structure enables different power scaling between PSS and SSS OFDM symbols, while FDM structure would force the PSS and SSS to retain the same transmit EVM properties. 

A smaller effective bandwidth of PSS transmission in SS block structure with FDM multiplexing implies processing of PSS with lower sampling rate. As the result, the amount of processed received data samples for FDM based approach can be reduced comparing to TDM based approach to cell search complexity from processing and memory requirements. On the other hand, considering the reduced transmission bandwidth of PSS and SSS, it is expected that the timing estimation accuracy from SS block with FDM multiplexing is less accurate comparing to SS block with TDM multiplexing due to finer sampling rate. In this case the reduced complexity of cell search would come at the cost of the worse performance.

A smaller effective duration of PSS transmission in SS block structure with TDM structure implies larger subcarrier spacing. As the result the impact of the carrier frequency offset (CFO) on SS performance should be smaller for TDM comparing to FDM. The frequency offset estimation accuracy of SS block with FDM structure should be more accurate due to finer subcarrier spacing of SS block with FDM structure. However, for neighbor cell search the CFO issue may not be an issue and the possible CFO benefits should be further investigated.

Summarizing the discussion above, it seems SS blocks with FDM and TDM multiplexing option offer similar performance in power efficiency and has opposite advantages and disadvantages w.r.t. to timing and frequency offset estimation accuracies. Considering some of the benefits above for TDM based approach and given that TDM structure is a well understood structure that is already supported in LTE, we have a preference on TDM based approach for PSS and SSS multiplexing within SS block.

Proposal:

· Consider TDM based approach for PSS and SSS multiplexing within SS block
3 Summary

This document presented our view at the bandwidth and multiplexing of synchronization signals in NR. Summarizing the discussion above, the following proposals can be made:
Proposals:
· In NR, synchronization signals occupy the minimal system bandwidth.
· The minimal system bandwidth in NR is 5 MHz for below 6 GHz and 20 MHz for above 6 GHz.
· Consider TDM based approach for PSS and SSS multiplexing within SS block
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