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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 SS block bandwidth, numerology and multiplexing design for NR. 

2		SS block bandwidth, numerology and multiplexing
	Related to SS block transmission bandwidth the agreements in RAN1#AH1_NR were the following [3]:Agreements:
· NR defines at least one basic sequence length for each synchronization signal in case of sequence-based synchronization signal design
· Down-select from following candidates based on at least subcarrier spacing and bandwidth consideration for synchronization signals
· Alt.1: sequence length is about 255
· Alt.2: sequence length is about 127
· Alt.3: sequence length is about 63
· Note even number is not precluded
· Note that this is total length of basic sequence that may be constructed by concatenation of multiple sequences like LTE-SSS
· Striving for the design where NR-SS for different usage scenario (e.g., different frequency range) can be generated by using basic sequence length (e.g., applying different subcarrier spacing value)
· FFS: repetition/concatenation of same or different sequence with the same basic sequence length in frequency domain, repetition/concatenation of same or different sequence with the same basic sequence length in different OFDM symbols, single basic sequence mapped to multiple OFDM symbols, mapping the basic sequence to every N subcarriers, defining additional longer sequence than basic sequence
· FFS on message-based synchronization signal design
….
Agreements:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not
…
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
…



Important design criteria for synch signal design and how to map physical signals and channels of the SS block onto resource elements is a minimum system bandwidth assumption. More specifically, minimum system bandwidth assumption sets some limits e.g. on whether signals and channels in SS block can also 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 the 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 re-farming 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. < 3.3 GHz. 

Proposal 1: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.3 GHz.

For deployments in carrier frequency range between 3.3 and 6 GHz wider bandwidth allocations are expected and correspondingly use of wider subcarrier spacing than below 3.3 GHz. Also in that frequency range it is seen beneficial to support multi-beam operation to improve common control plane coverage via means of beamforming as well. In order to enable low overhead beam sweeping maximizing FDM multiplexing among signals and channels of the SS block is desirable. Thus, assuming max SCS being 60 kHz for below 6 GHz, 20 MHz as minimum system bandwidth could be considered for the higher end of carrier frequency range below 6 GHz. 

Main portion of spectrum between 5 GHz and 6 GHz is unlicensed so the relevant regulatory requirements, summarized e.g. in [6], should be taken into account to ensure reasonable forward compatibility also in this aspect. With respect to this contribution, it is worth to note that in Europe the bandwidth containing 99 % of the power of the signal shall be at least 80% of nominal channel bandwidth. This means 16 MHz bandwidth in the case of 20 MHz carrier. However, the occupied bandwidth may be temporarily reduced to as low as 40 % of the nominal channel bandwidth. Another issue to consider is that transmission powers are strictly limited, e.g., to 23 dBm or 30 dBm in Europe depending on the frequency band. This means that the UL and DL powers are relatively close to each other and a DL channel, such as NR-PSS/SSS, may turn out to be the channel limiting the coverage. 

Proposal 2: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 

Proposal 3: Further divide below 6 GHz carrier frequency range at least to 
· below 3.3 GHz
· 3.3-6 GHz carrier frequency categories

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

In order to improve cell search detection performance and provide support for lean carrier design (i.e. remove always-on CRS type signals) as well as support efficient unlicensed operation the synch signal sequence lengths should be increased at least by the factor of two from LTE ones. Based on the analysis in [4,5] we consider the base design as shown in Table 1. NR synchronization signals (where NR-TSS would be used for SS block index indication).

[bookmark: _Ref466036137]Table 1 Synchronization signals and sequence lengths / number of subcarriers reserved (within PRB granularity)
	Synchronization Signal
	Sequence length / required subcarriers

	NR-PSS
	127 / 144

	NR-SSS
	127 / 144

	NR-TSS
	63 / 72



NR synchronization signals bandwidths corresponding the assumed sequence lengths with 15kHz, 30kHz and 60kHz sub-carrier spacings as in Table 2. 

[bookmark: _Ref466040509]Table 2 Synchronization signal bandwidths
	Synchronization Signal
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	NR-PSS
	1.905 MHz
	3.81 MHz
	7.62 MHz

	NR-SSS
	1.905 MHz
	3.81 MHz
	7.62 MHz

	NR-TSS
	0.945 MHz
	1.89 MHz
	3.78 MHz



Given the following RAN1#AH1_NR agreements [3]

	Agreement: 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
…
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.



we consider the structure for SS block at below 6 GHz shown in Figure 1 where
· PSS = NR Primary Synchronization Signal
· SSS = NR Secondary Synchronization Signal
· TSS = NR Tertiary Synchronization Signal (for slot timing/SS block index indication)
· MRS = Mobility Reference Signal for beam detection (/BRS)
· PBCH = NR Physical Broadcast Channel

NR-PSS and NR-SSS are in consecutive symbols to make it possible to transmit SS block also without NR-PBCH while keeping the block structure for other signals the same and compact in time domain. 
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[bookmark: _Ref473809568]Figure 1. SS block structure below 6 GHz.

Proposal 5: Support multiplexing NR-PSS, NR-SSS, NR-TSS, PBCH+DMRS and MRS / CSI-RS for P1 in SS block.

It is further 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 6: 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

It’s noted that e.g. using 60 kHz SCS the SS block bandwidth would be > 16 MHz which would likely be needed in 5 GHz unlicensed spectrum to fulfill BW occupancy requirement.
For above 6 GHz we consider the SS structure as shown in Figure 2. 
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[bookmark: _Ref473834746]Figure 2. SS block structure at above 6 GHz.
Proposal 7: Adopt the following principles at > 6 GHz:
· 120 kHz SCS can be applied for SS block when the system bandwidth is 80 MHz or more
· 240 kHz SCS can be applied for SS block when the system bandwidth is 160 MHz or more

The design would allow wideband MRS (or CSI-RS for P1) design e.g. for beam detection and measurements that is considered to lead to better beam selection performance than narrowband MRS option, and which could potentially allow deriving CSI as well. There should be at least 8 MRS / CSI-RS ports SS block multiplexed in FDM and/or CDM manner (FFS) to provide support for hybrid beamforming system. It should also be considered whether CSI-RS REs could be used as demodulation RS for PBCH. 
Proposal 8: Support at least 8 MRS / CSI-RS ports within SS block.
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 9: Subcarrier spacing is same for NR synchronization signals and PBCH.
3	Conclusions 
In this contribution we discuss about SS block bandwidth, numerology and multiplexing design for NR. Furthermore, we discuss about SS block index indication and need for additional synchronization signal. The following observations and proposals are drawn:
Proposal 1: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5 MHz for below 3.3 GHz.

Proposal 2: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 20 MHz at higher end of carrier frequency range < 6 GHz. 

Proposal 3: Further divide below 6 GHz carrier frequency range at least to 
· below 3.3 GHz
· 3.3-6 GHz carrier frequency categories

Proposal 4: Transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 80 MHz for 6-40 GHz carrier frequency range.
Proposal 5: Support multiplexing NR-PSS, NR-SSS, NR-TSS, PBCH+DMRS and MRS / CSI-RS for P1 in SS block.

Proposal 6: 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 7: Adopt the following principles at > 6 GHz:
· 120 kHz SCS can be applied for SS block when the system bandwidth is 80 MHz or more
· 240 kHz SCS can be applied for SS block when the system bandwidth is 160 MHz or more

Proposal 8: Support at least 8 MRS / CSI-RS ports within SS block.
Proposal 9: Subcarrier spacing is same for NR synchronization signals and PBCH.

References 
[1] RP-160671, “Study on New Radio Access Technology”, NTT DoCoMo
[2] TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”, 3GPP
[3] RAN1#AH1_NR Chairman Notes
[4] R1-1703093, “Synchronization signal design and performance analysis”, Nokia, Alcatel-Lucent Shanghai Bell
[5] [bookmark: _GoBack]R1-1703097, “DL Signals for Mobility Measurements and mobility schemes in NR”, Nokia, Alcatel-Lucent Shanghai Bell
[6] TR 36.889, “Study on Licensed-Assisted Access to Unlicensed Spectrum”, 3GPP



image1.png
[ ostare

2 [ owssae pors
scs B ovss ke port2
144 2

SCs S

72

SCs





image2.png




