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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 numerology, bandwidth and multiplexing for NR synchronization signals. Related to numerology, the following related agreements were reached in RAN1#86bis [3] and in RAN1#87 [4]: 
	RAN1#86bis:
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges
· FFS: for the case when the frequency ranges are overlapped.
· FFS: whether or not to define a single numerology or multiple numerology for frequency range¨
· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings

RAN1#87:
Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band
· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not
· FFS: CP length



2	Discussion
2.1	SS Block Transmission Bandwidth and Numerology
Important design criteria for synch signal design and how to map potentially multiple synch signals onto resource elements is a minimum system bandwidth assumption, or in other words the transmission bandwidth containing NR-PSS/SSS/PBCH. More specifically, minimum system bandwidth assumption sets some limits e.g. on whether synchronization signals, if hierarchical structure is adopted, can be FDMed with each other which would be a desired feature in multi-beam operation to limit the sweeping duration and thus system overhead. 

Today’s LTE specifications support system bandwidths of 1.4 and 3 MHz. However, the LTE system operation suffer from low efficiency on these system bandwidth configurations and are actually barely deployed in field. Accounting also the increased testing complexity related of supporting these additional bandwidth configurations, it would not seem efficient to unnecessarily extend the number of transmission bandwidth configurations. Enabling refarming of 5 MHz wide LTE or WCDMA deployments with NR is seen as one important aspect for future network upgrades. Thus, it is seen that 5 MHz as a minimum system bandwidth should be defined at least for lower end of < 6 GHz carrier frequency range, e.g. < 3.5 GHz. 

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.5 GHz.

For deployments between 3.5 and 6 GHz wider bandwidth allocations are expected and correspondingly use of wider subcarrier spacing than below 3.5 GHz. Also in frequency range between 3.5 and 6 GHz there may be need to support multi-beam operation to improve common control plane coverage by beamforming as well. In order to enable low overhead beam sweeping FDM multiplexing is desirable at least among synch signals (PSS, SSS and possible TSS for SS block index indication). Thus, assuming max SCS being 60 kHz, 20 MHz as minimum system bandwidth could be considered for the higher end of carrier frequency range below 6 GHz. 

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 

For 6-40 GHz, available continuous spectrum is expected to be much wider than below 6 GHz and thus systems operating at higher carrier frequencies should be able to utilize much wider system bandwidths, in the order of hundreds of MHz or even few GHz. Minimum system bandwidth should much wider than below 6 GHz, i.e. 80 MHz. 

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 80 MHz for 6-40 GHz carrier frequency range.

As shown in [5], in order to improve cell search detection performance and provide support for lean carrier design (i.e. remove always-on CRS type signals) the synch signal sequence lengths should be increased at least by the factor of two. That means that e.g. using 60 kHz SCS the required bandwidth for PSS (and SSS) would be around 8 MHz which means it cannot fit into 5 MHz minimum system bandwidth. We consider the following base design as shown in Table 1., where NR-TSS would be used for SS block index indication.

[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



Synchronization signal structure within an SS block is illustrated in Figure 1. assuming FDM multiplexing.
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[bookmark: _Ref471243156]Figure 1 Synchronization signal structure.
Based on above it is considered that the following principles should be adopted at < 6 GHz:
· 15 kHz SCS can be applied for SS block when the system bandwidth is 5 MHz or wider
· 30 kHz SCS can be applied for SS block when the system bandwidth is 10 MHz or wider
· 60 kHz SCS can be applied for SS block when the system bandwidth is 20 MHz or wider

Proposal: Adopt the following principles at < 6 GHz:
· 15 kHz SCS can be applied for SS block when the system bandwidth is 5 MHz or more
· 30 kHz SCS can be applied for SS block when the system bandwidth is 10 MHz or more
· 60 kHz SCS can be applied for SS block when the system bandwidth is 20 MHz or more

Whether subcarrier spacing for NR PSS, SSS and PBCH is same or different our preference is to have the same numerology for all synchronization signals and PBCH as for primary synchronization signal. That is to make synchronization signals and PBCH transmission and detection simple and to avoid multi-numerology for the SS block signals, i.e. for PSS, SSS and PBCH which are preferably FDM multiplexed to enable e.g. efficient beam sweeping operation.
Proposal: Subcarrier spacing is same for NR synchronization signals and PBCH.

2.2	SS block index indication
It was agreed in RAN1#87 that at least for multi-beam case the time index of SS block is indicated to UE:
	Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams




NR system is expected to operate using single-beam and multi-beam operation, in scenarios below and above 6 GHz, in licensed and (forward compatible) un-licensed mode. In single-beam approach the cell would transmit synch signals via sector wide beams once in the given periodicity. Furthermore, it is considered that in single-beam mode coverage enhancement should be supported meaning that the synch signals should be able to be transmitted in repetition manner. In multi-beam operation the cell (may consists of multiple TRPs similarly as in single beam case) transmits synch signals in beam sweeping manner. Furthermore, in beam sweeping operation, repetition may be applied upon for further coverage enhancements that e.g. sync signals transmitted to certain direction per sweep block is repeated to the same direction in the next sweep block. Thus, 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 illustrated in Figure 2:
1)	Single-beam without synch repetition
2)	Single-beam with synch repetition
3)	Multi-beam without repetition
4)	Multi-beam with repetition
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(a) Multibeam without repetition
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(b) Multibeam with and without repetition
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(c) Single beam with and without repetition

[bookmark: _Ref471462470]Figure 2 Illustration of possible different ‘beam’ operation modes. (Note the beam’s maybe superposition of signal transmitted from multiple sources).
Proposal: 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

The adopted solutions should allow use of uniform design and a generic UE behaviour while also enable the network to repeat synchronization signals for improving the UE cell detection probability. It would be preferable if a method would be introduced that would enable devices to use the possible additional synch signals sent by the network without requiring the UEs to have a priori information regarding the beam configuration and operating mode: single-beam or multi-beam. It should be also noted that this does not prohibit network transmitting synchronization signals in SFN manner in multi-TRP operation especially when single-beam provisioning of the synchronization signals is used. As given SS-block would be transmitted in SFN manner, the operation would be transparent to the UE and would be fully a network implementation options.

SS block timing indication may be an additional synchronization signal or it may be signalled within associated NR-PBCH which is expected to be transmitted together with the synchronisation signal(s). As periodicity of the NR-PBCH and synchronization signal(s) may be different e.g. every 5 ms SS and NR-PBCH every 10 ms and as mentioned in [3], and it would be desirable to the UE to perform mobility measurements without the need to read system information, an additional synchronization signal is preferred. Also, if it is desirable to allow UE to combine all PBCH transmission received under the same cell, it might be preferable to try to keep the PBCH content of different beams (in the same cell) equal. 

Observation: Subframe timing could be signalled via an additional synchronization signal or in associated NR-PBCH. 

Observation: To support efficient mobility measurements and taking into account potentially different periodicities for synchronization signal(s) and NR-PBCH, indicating the SS block index via additional signal is preferred.

Proposal: Define a synchronization signal (NR-TSS) to indicate the SS block index. 

To furthermore support different support indicating UE to know whether it can combine detected synchronization signal with previous one in previous symbol (e.g. in repetition and multi-beam repetition case), the NR-TSS could convey together with the SS block index one bit indication whether or not repetition is used e.g. NR-TSS could be modulated by +1/-1. 

Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block. 

2.3	Multiplexing
We propose FDM as a basis for synchronization signal multiplexing. As shown in [5], in order to improve cell search detection performance and provide support for lean carrier design (i.e. remove always-on CRS type signals) the synch signal sequence lengths should be increased at least by the factor of two. That means that e.g. using 60 kHz SCS the required bandwidth for PSS (and SSS) would be around 8 MHz which means it cannot fit into 5 MHz minimum system bandwidth. We consider the following base design as shown in Table 1 in Section 2.1, corresponding synchronisation signal bandwidths show in in Table 2 for 15kHz and 60kHz SCS. 

General synchronization signal structure within an SS block is illustrated in Figure 1.

Proposal: Support FDM multiplexing for NR-PSS, NR-SSS and NR-TSS.
Proposal: Support increased sequence lengths for NR-PSS and NR-SSS compared to LTE PSS and SSS. 
Next we provide our view on the SS block structure that includes the synchronization signals and NR-PBCH as well as cell specific RS that can be used to identify gNB DL beams (e.g. CSI-RS for P1 procedure in beam management) 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. 
In general at below 6 GHz, TDM multiplexing between synchronization signals and NR-PBCH may need to be considered due to limited minimum system bandwidth options. One exemplary design for 5 MHz transmission bandwidth and 15 kHz SCS is depicted in Figure 4. 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 4 PBCH in SS block for 5 MHz transmission bandwidth and 15 kHz subcarrier spacing.
Observation: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.
For above 6 GHz where we assume 80 MHz as maximum transmission bandwidth for SS block, FDM multiplexing between synch signals and PBCH is considered. 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 cell specific reference signals (e.g. cell specific periodic CSI-RS) for uniquely identifying the gNB beams are multiplexed in FDM manner. Total occupied bandwidth for synchronization signals, PBCH and CSI-RS would be up to 80 MHz. The design would allow wideband CSI-RS which is considered to lead to better beam selection performance than narrowband CSI-RS option, and which could potentially allow deriving CSI as well. There could be e.g. up 8 CSI-RS ports per symbol/SS block multiplexed in FDM and/or CDM manner (FFS) to provide support for hybrid beamforming system. It should also considered whether CSI-RS REs could be used as demodulation RS for PBCH. There should be possibility to multiplex more than two CSI-RSs within one symbol/SS block to support higher number simultaneous beams in the cell than two envisioned for future multi-beam systems. 
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[bookmark: _Ref466029525]Figure 5 PBCH in SS block for 80 MHz transmission bandwidth and 60 kHz subcarrier spacing.

Proposal: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.
Proposal: Support FDM multiplexing CSI-RS with synch signals and PBCH within a symbol.
Proposal: Support CSI-RS dimensioning at least up to 8 within an SS block.
3	Conclusions 
In this contribution bandwidth, numerology and multiplexing for SS block are discussed. The following observations and proposals are drawn:
Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.5 GHz.

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 

Proposal: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 80 MHz for 6-40 GHz carrier frequency range.
Proposal: Adopt the following principles at < 6 GHz:
· 15 kHz SCS can be applied for SS block when the system bandwidth is 5 MHz or more
· 30 kHz SCS can be applied for SS block when the system bandwidth is 10 MHz or more
· 60 kHz SCS can be applied for SS block when the system bandwidth is 20 MHz or more

Proposal: Subcarrier spacing is same for NR synchronization signals and PBCH.
Proposal: 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
Observation: Subframe timing could be signalled via an additional synchronization signal or in associated NR-PBCH. 

Observation: To support efficient mobility measurements and taking into account potentially different periodicities for synchronization signal(s) and NR-PBCH, indicating the SS block index via additional signal is preferred.

Proposal: Define a synchronization signal (NR-TSS) to indicate the SS block index. 

Proposal: Define signaling method to inform the UE whether detected synchronization signal(s) can be combined with the signals of the previous SS block.

Proposal: Support FDM multiplexing for NR-PSS, NR-SSS and NR-TSS.
Proposal: Support increased sequence lengths for NR-PSS and NR-SSS compared to LTE PSS and SSS.
Observation: TDM between NR synchronization signals and NR-PBCH is needed for 5 MHz transmission bandwidth option. 
Proposal: Support TDM between NR synchronization signals and NR-PBCH for 5 MHz minimum transmission bandwidth option.
Proposal: Support FDM multiplexing between synchronization signals and PBCH for 80 MHz minimum transmission bandwidth option.
Proposal: Support FDM multiplexing CSI-RS with synch signals and PBCH within a symbol.
Proposal: Support CSI-RS dimensioning at least up to 8 within an SS block.
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