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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].
This contribution discusses about downlink SS block structure for NR, specifically components and transmission methods. Based on RAN1#86 agreements, the following requirements apply for the initial access signals [3]:
	Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· FOne or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.



2	Discussion
2.1	Background
As a main principles we aim at as similar design as possible for single-beam and multi-beam operations for synchronization signal structure. Framework for the design is defined by:
1. Allowed transmission bandwidth for SS block
2. Synchronization signal bandwidth requirements
3. Support for efficient beam sweeping

Allowed transmission bandwidth for SS block
In [4] we propose transmission bandwidth containing NR-PSS/SSS/PBCH
· is not more than 5 MHz for below 3.5 GHz
· is not more than 20 MHz at higher end of carrier frequency range below 6 GHz
· is not more than 80 MHz for 6-40 GHz

Synchronization signal bandwidth requirements
In [4,5] we discuss about synchronization signal requirements. It’s noted that for unlicensed operation and multi-beam operation one-shot synchronization signal detection performance should be improved from LTE. We also consider that synchronization signal(s), specifically secondary synchronization signal (NR-SSS) being function of PCI, would be used for cell level RRM measurements. 
Support for efficient beam sweeping
In order to minimize system overhead from the periodical DL sweeping subframes, the duration of one sweeping block should be minimized. Thus, discovery signal structure should maximize FDM multiplexing between synchronization signals, beam reference signals and physical broadcast channel and associated demodulation reference signals rather than TDM multiplexing.
2.2	Synchronization Signal Structure Design
In [6] we discuss and propose the functionalities required from NR synchronization signals. Design target should be to construct synchronization signals and related procedures so that search performed by the UE would be as agnostic as possible, i.e. targeting at unified solution for the following possible BS operating modes:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
A signal indicating the sweep block timing is needed in multi-beam operation. On the other hand, this could be beneficial also in single-beam cases both with and without repetition. In the case of repetition, the UE may not be able to detect the subframe timing from synchronisation signal alone. In addition, explicit indication of the symbol timing would allow flexible allocation of synchronisation signal in time domain within a subframe as well.
Thus, a common solution can be constructed for all four cases: a hierarchical synchronization signal structure that could comprise signals:
· NR-PSS
· Symbol timing
· Frequency synchronization
· Part of PCI
· Used in deriving NR-SSS
· NR-SSS
· Frame timing
· Frequency synchronization
· Part of PCI together with NR-PSS
· NR-TSS
· Subframe timing/symbol index
· Indication of repetition of NR-PSS/NR-SSS, e.g. whether consecutive SS blocks are transmitted via the same beams in multi-beam configuration

We propose FDM as a basis for synchronization signal multiplexing. As discussed in [4] we foresee need for better synchronisation signal detection performance than in LTE to facilitate the beam sweeping procedures. As evaluated  in [5] we could envision following base design as shown in Table 1 using similar sequence lengths as for LTE.
[bookmark: _Ref466036137]									Table 1 Synchronization signals and sequence lengths
	Synchronization Signal
	Sequence length

	NR-PSS
	127

	NR-SSS
	127

	NR-TSS
	63



NR synchronization signals bandwidths corresponding the assumed sequence lengths with 15kHz and 60kHz sub-carrier spacings as in Table 2. 
[bookmark: _Ref466040509]						Table 2 Synchronization signal bandwidths
	Synchronization Signal
	15 kHz SCS
	60 kHz SCS

	NR-PSS
	1.905 MHz
	7.62 MHz

	NR-SSS
	1.905 MHz
	7.62 MHz

	NR-TSS
	0.945 MHz
	3.78 MHz



General synchronization signal structure within an SS block is illustrated in Figure 1.
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[bookmark: _Ref466040531]Figure 1 Synchronization signal structure. 

Proposal 1: Support FDM multiplexing for NR-PSS, NR-SSS and NR-TSS.
Proposal 2: Support increased bandwidth for NR-PSS and NR-SSS compared to LTE PSS and SSS when using 15 kHz SCS. 
2.3	SS Block Structure
In this subchapter we provide our view on the SS block structure that includes the synchronization signals and NR-PBCH as well as beam reference signals which are needed at least in multi-beam operation. As discussed in the beginning of this contribution, the transmission bandwidth for the SS block signals determines largely the framework for the multiplexing of the signals. 
For the case when transmission bandwidth for SS block is 5 MHz, TDM multiplexing between synchronization signals and NR-PBCH needs to be considered. One exemplary design for 5 MHz transmission bandwidth and 15 kHz SCS is depicted in Figure 2. PBCH allocation is 24 PBRs and each PRB has four DMRS REs. FDM multiplexing is considered as one example between DMRS ports. DMRS sequences are cell specific and derived from PCI derived from detected NR-PSS and NR-SSS. In a companion contribution [8] we provide initial simulation results for NR-PBCH demodulation performance and focus more on NR-PBCH design. 
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[bookmark: _Ref466024964]Figure 2 PBCH in SS block for 5 MHz transmission bandwidth and 15 kHz subcarrier spacing.
Observation 1: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal 3: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.
For the case when transmission bandwidth for SS block is 80 MHz, FDM multiplexing is proposed. One exemplary design for 80 MHz transmission bandwidth and 60 kHz SCS is depicted in Figure 3. NR-PSS, NR-SSS and NR-TSS occupy the 20 MHz bandwidth and then PBCH and beam reference signals (BRSs) are multiplexed in FDM manner. Total occupied bandwidth for synchronization signals, PBCH and BRS would be up to 80 MHz. The design would allow wideband BRS which is considered to lead to better beam selection performance than narrowband BRS option. There could be e.g. up 8 BRS ports per symbol multiplexed in FDM and/or CDM manner (FFS). It should also considered whether BRSs REs could be used as demodulation RS for PBCH. There should be possible to multiplex more than two BRSs within one symbol to support higher number simultaneous beams in the cell than two. 
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[bookmark: _Ref466029525]Figure 3 PBCH in SS block for 80 MHz transmission bandwidth and 60 kHz subcarrier spacing.

Proposal 4: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.
Proposal 5: Support FDM multiplexing beam reference signals in the same symbol with SS block.
Proposal 6: Support BRS dimensioning at least up to 8 within an SS block.
3	Conclusions 
In this contribution we provided our view on synchronization signal structure, i.e. how NR synchronization signals could be multiplexed together and what would be the potential sequence lengths for the signals. Furthermore, we discussed about multiplexing NR synchronization signals and NR-PBCH, as well as beam reference signals within an SS block. Based on the discussion,the following observations and proposals are drawn:
Proposal 1: Support FDM multiplexing for NR-PSS, NR-SSS and NR-TSS.
Proposal 2: Support increased bandwidth for NR-PSS and NR-SSS compared to LTE PSS and SSS when using 15 kHz SCS.
Observation 1: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal 3: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.
Proposal 4: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.
Proposal 5: Support FDM multiplexing beam reference signals in the same symbol with SS block.
Proposal 6: Support BRS antenna ports at least up to 8 within an SS block.
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