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1. Introduction
In NR Ad-hoc #1 meeting the structure of synchronization signals was discussed and the following agreements were made:
	[bookmark: _GoBack]Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]
· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters
· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth

Agreements:
· At least for single beam scenario, time division multiplexing of PSS and SSS is supported.

Working assumption: 
· Time division multiplexing of PSS and SSS is supported for multiple beam scenario



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

2. Bandwidth of SS
In LTE, the bandwidth for synchronization signal (SS) transmission is equal to 6 RBs 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 1:
· 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 re-farm 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 NR, where 30kHz subcarrier spacing is assumed for SS. Similar, for 40MHz minimal system bandwidth, 240 kHz subcarrier spacing should be used.
Proposal 2:
· For the below 6GHz the minimal system bandwidth in NR is 5 MHz
· For above 6 GHz the minimal system bandwidth in NR is 20 MHz with subcarrier spacing 120kHz or 40MHz with subcarrier spacing 240kHz

3. SS Multiplexing Structure
In NR Ad-Hoc meeting, the TDM-based multiplexing of PSS and SSS was agreed as working assumption for multi-beam scenario. The TDM-based approach of SS multiplexing has several benefits such as unified SS structure for below and above 6 GHz, possible support of SSS for demodulation of PBCH, low PAPR sequence design for PSS/SSS, etc. Considering the benefits TDM based approach, the working assumption of TDM based multiplexing of PSS/SSS is proposed to be confirmed as agreement.


		
	(a) TDM between NR-PSS/SSS/TSS	(b) FDM between NR-PSS/TSS
[bookmark: _Ref474157490]Figure 1. Synchronization signal structure
 
In addition to PSS/SSS, multiplexing of TSS with other reference signals should be also considered. Possible SS structure and multiplexing of TSS with PSS/SSS signals is shown in Figure 1. In particular, in Figure 1a TDM based approach of multiplexing PSS, SSS and TSS is shown. The TDM multiplexing allows the use of the low PAPR sequences for SS transmission, however, it increases the SS block duration to 3 OFDM symbols. The issue can be solved by using hybrid TDM/FDM multiplexing approach (see Figure 1b), where PSS and TSS are multiplexed in FDM manner, while TSS and SSS and multiplexed in TDM manner. In this approach the number of OFDM symbols in the SS block can be reduced to 2 OFDM symbols at the cost of the possible PAPR increases for PSS and TSS symbol.  
Proposal 3:
· Confirm the working assumption on TDM multiplexing of PSS/SSS for above and below 6GHz
· Consider two options for TSS multiplexing with PSS/SSS
· TDM with PSS/SSS
· TDM with SSS and FDM with PSS

4. Indication of Extended CP
Another open issue of SS structure is support of slots with extended CP (ECP). In general case the following options can be considered for SS processing in case of NCP and ECP:
Option 1) explicit indication in PSS;
Option 2) The SS structure independent on the CP type;
Option 3) The blind detection of CP using double decoding of TSS/PBCH.
In Option 1, explicit indication of ECP is provided in the initial stage of SS processing by indicating the type of CP directly in PSS. For example, a pair of PSS sequences can be defined to differentiate between NCP and ECP cases. Since PSS is the most complex processing procedure, especially in the initial access, the PSS pair should allow low complexity processing at the UE. For example, a complex conjugated pair of PSS can be defined that allows low complexity classification of PSS. 
In Option 2, the CP-agnostic SS structure can be defined to facilitate the SS processing at the UE regardless of CP configuration for slot. However, the feasibility of defining such structure should be studied further after the basic SS structure is defined.
In Option 3, CP type can be indicated through blind processing of SS under different assumptions on CP type. Though this option is the most simple from the specification point of view, it increases the UE complexity wrt SS processing at the UE.
Proposal 4:
· Continue investigation of how to handle ECP numerology for synchronization signals


5. 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:
Proposal 1:
· In NR, synchronization signals occupy the minimal system bandwidth.
Proposal 2:
· For the below 6GHz the minimal system bandwidth in NR is 5 MHz
· For above 6 GHz the minimal system bandwidth in NR is 20 MHz with subcarrier spacing 120kHz or 40MHz with subcarrier spacing 240kHz
Proposal 3:
· Confirm the working assumption on TDM multiplexing of PSS/SSS for above and below 6GHz
· Consider two options for TSS multiplexing with PSS/SSS
· TDM with PSS/SSS
· TDM with SSS and FDM with PSS
Proposal 4:
· Continue investigation of how to handle ECP numerology for synchronization signals
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