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1 Introduction
During RAN1#87 meeting, following were agreed as design requirements of new RAT (NR) primary/secondary synchronization signal (PSS/SSS) [1]: 
Agreements in RAN1#87:
· 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

In this document, we discuss numerology, i.e. subcarrier spacing and transmission bandwidth, for NR synchronization signal (SS), a structure of NR SS block, and a structure of NR SS burst set.  
2 Numerology and bandwidth for NR SS 
Below are the agreements regarding a sub-carrier spacing and a transmission bandwidth of SS, the minimum NR carrier bandwidth, and a UE bandwidth. 

It is desired that structure of synchronization signals is common as much as possible even with support of mixed numerologies and for a wide range of operating frequencies. A common set of PSS/SSS sequences for all operating frequency bands would allow a UE to employ similar or common baseband processing for all the operating frequency bands. One PSS/SSS which can be used for cell identification (i.e. acquiring timing and frequency information, and determining a cell identity) by all or a majority of UE classes and by UEs with various operation modes can help reduce synchronization signal overhead, since it can avoid multiple transmissions of different PSS/SSS for different UE classes/operating modes in a cell. Additionally, it may save system design and implementation efforts. 

For a frequency range below 6 GHz, sub-carrier spacing of 15 KHz is desired, considering that some UEs may only support 15 KHz subcarrier spacing similar to LTE UEs. For a frequency range above 6 GHz, 120 KHz subcarrier spacing may be selected for the enhanced coverage, compared to 240 KHz subcarrier spacing. If necessary (e.g. severe phase noise), subcarrier spacing larger than 120 KHz may be additionally defined for the frequency range above 40 GHz.
With the proposed SS subcarrier spacing values above, we consider mapping a NR-PSS sequence on alternate subcarriers. During initial cell detection, carrier frequency offset (CFO) can be up to ±5 ppm, which corresponds to up to ±30 KHz CFO for the frequency range below 6 GHz and up to ±263 KHz CFO for the frequency range from 6 GHz to 52.6 GHz. Potential CFO larger than SS subcarrier spacing may require multiple integer CFO hypothesis tests for PSS detection. Transmitting PSS on every other subcarriers would mitigate inter-carrier interference due to CFO and can reduce the number of hypotheses on CFO when coarse timing and frequency information is acquired. Compared to doubling subcarrier spacing, alternate subcarrier mapping can accommodate a longer CP length (if the CP length scales with subcarrier spacing). Furthermore, a resulting repetitive structure of PSS time-domain samples can be exploited together with a sequence correlation property for symbol timing estimation. An NR-SSS sequence is mapped to consecutive subcarriers to use a longer sequence for a given transmission bandwidth, which makes more number of sequences available for SSS.  
The transmission bandwidth (BW) for PSS/SSS needs to be determined to provide good one-shot detection probability at -6 dB received baseband SNR with less than 1% false alarm rate. For a given SNR per sub-carrier and a given subcarrier spacing, a larger transmission BW (equivalently, a larger number of subcarriers and a longer PSS/SSS sequence) for PSS/SSS can provide better detection performance, as it can provide a larger processing gain. Figure 1 shows that length-63 LTE PSS sequences can achieve 1% missed detection rate at 3dB SNR, while length-251 ZC sequence based PSS requires -4.5dB SNR for 1% missed detection rate. Note that detection thresholds in simulations are set to achieve less than 1% false alarm rate. From these results, it is desired to increase the length of NR-PSS/SSS sequences at least 4 times longer than the LTE PSS/SSS sequence length. Considering alternate subcarrier mapping of NR-PSS, the transmission BW for NR-PSS can be set to 8.64MHz, which is 8 times wider than LTE SS bandwidth. Assuming the same transmission BW for both NR-PSS and NR-SSS, NR-SSS sequences can be approximately 8 times longer than LTE SSS, which is beneficial for improving one-shot detection performance. Applying the same set of NR-PSS/SSS sequences to a frequency range above 6GHz, the transmission BW for NR-PSS/SSS in the frequency range above 6 GHz is 69.12 MHz. 
The minimum NR carrier bandwidth should be determined to accommodate the NR-PSS/SSS and NR-PBCH bandwidths. Considering 8.64 MHz and 69.12 MHz SS BW for the frequency range above 6 GHz and below 6GHz, respectively, it would be appropriate to set the minimum NR carrier BW to 10 MHz and 80 MHz, respectively.       
Table 1 presents proposed synchronization signal parameters including subcarrier spacing, sequence lengths, and a transmission BW. 
Table 1 Proposed synchronization signal parameters

	Carrier frequency range
	fc < 6 GHz
	6 ≤ fc ≤ 52.6 GHz

	Minimum carrier bandwidth
	10 MHz
	80MHz

	Subcarrier spacing for PSS/SSS
	15 KHz
	120 KHz

	Subcarrier spacing supported for data/control channels 
	15KHz, 30 KHz, 60 KHz
	120 KHz, 240 KHz

	PSS sequence mapping
	On every 2nd subcarrier (excluding guard subcarriers)

	PSS basic sequence length
	127

Note: PSS is constructed from concatenation of two length-127 sequences. One sequence is mapped to the center 4.32 MHz sub-band, and another sequence is circularly mapped to the edge 4.32 MHz sub-band. 

	SSS sequence mapping
	On every subcarrier (excluding guard subcarriers)

	SSS basic sequence length
	255

Note: SSS is constructed from concatenation of two length-255 sequences. One sequence is mapped to the center 4.32 MHz sub-band, and another sequence is circularly mapped to the edge 4.32 MHz sub-band.

	PSS/SSS transmission bandwidth including guard subcarriers
	8.64 MHz


	69.12 MHz
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Figure 1 PSS missed detection probability based one PSS instance (ETU, 3km/h UE speed, non-initial acquisition)
Proposal 1: As for PSS/SSS numerology and transmission BW, adopt the followings:
· Frequency range below 6 GHz:15 KHz sub-carrier spacing and 8.64 MHz transmission BW  
· Frequency range above 6 GHz:120 KHz subcarrier spacing and 69.12 MHz transmission BW 

Proposal 2: Consider mapping a PSS sequence on alternate subcarriers of the PSS transmission BW.
Proposal 3: As for the NR minimum carrier BW, adopt 10 MHz for a frequency range below 6 GHz, and 80 MHz for a frequency range above 6 GHz. 
3 Structure of an SS block  
Since the proposed NR-PSS/SSS transmission BW (8.64 MHz, 69.12MHz) are close to the minimum NR carrier BW proposed in Section 2, PSS and SSS need to be multiplexed in the time domain. If an SS block includes PBCH, PBCH needs to be transmitted together with PSS/SSS in the SS block. Thus, PBCH also has to be time-multiplexed with PSS/SSS. For PBCH, short transmission time with wider bandwidth is desired to reduce a reserved DL region in dynamic TDD system. Wideband PBCH transmission on 2 OFDM symbols per PBCH TTI, e.g. 48 RB PBCH BW, equivalently, 8.64 MHz PBCH BW for a frequency range below 6GHz and 69.12 MHz PBCH BW for a frequency range above 6 GHz, can achieve similar coding rate as LTE PBCH (i.e. 6 RB PBCH BW, 16 OFDM symbols per TTI). 
For some frequency bands, in particular, a frequency range below 1 GHz, it may be difficult to deploy a 10 MHz or wider NR carrier due to limited spectrum availability. For those frequency bands, 5 MHz carrier bandwidth may need to be allowed, and SS fitting to the 5 MHz carrier bandwidth are required. In addition to spectrum availability, UE bandwidth capability may vary for various types of UEs. For example, some UEs may operate with a limited bandwidth capability, e.g. 5MHz. Furthermore, UEs with small and infrequent data transmission for some time duration may enter into a power saving mode by reducing its operating bandwidth smaller than the defined NR-SS bandwidth. 
We think that a UE only receiving over a bandwidth smaller than the NR-SS bandwidth due to its capability or operational mode should be able to carry out initial access and to perform serving and neighbor cell measurements by using one or more SS blocks. This is feasible, if PSS/SSS and PBCH consist of two sub-bands, wherein one sub-band is located in the center of the SS transmission band (approximately symmetric around the synchronization raster location), and the other sub-band is located in both edges of the SS transmission band, and if each sub-band of PSS/SSS and PBCH carries shorter PSS/SSS sequences and self-decodable PBCH channel bits. This design principle is also in-line with previous meeting agreements shown below:

Note that the shorter PSS/SSS sequences transmitted in the center sub-band of an SS block can be used for SS of a 5 MHz bandwidth NR carrier which may be allowed in a frequency range below 1GHz. In addition, the center sub-band PSS/SSS (i.e. 4.32 MHz) can be configured as measurement signals for connected but power saving mode (or inactive mode) UEs. Further details on sequence mapping to each sub-band and its detection performance can be found in [5].
Proposal 4: PSS, SSS, and PBCH (if transmitted) are TDMed in an SS block for all frequency ranges.
Proposal 5: An SS block consists of two sub-bands, one sub-band located in the center of the SS transmission band and the other sub-band located in both edges of the SS transmission band, to support various UE and/or carrier bandwidths.

4 Structure of an SS burst set  
In the last RAN1 NR Ad-Hoc meeting, the following was agreed with regards to transmitting one or more SS blocks within an SS burst set period.  

One way to specify a set of possible SS block time locations is to define an SS block transmission window consisting of one or more consecutive slots within a default SS burst set period.  A UE may assume that a network entity transmits SS blocks within an SS block transmission window, and an SS block may be transmitted in a DL region of a slot within the SS block transmission window. Defining the SS transmission window would be beneficial to limit the signaling overhead for indicating an SS block location. And yet, the network can flexibly locate an SS block in any slot within the SS transmission window depending on its scheduling needs on UL and DL traffics. Even when the network has to serve UL dominated traffics, it can still transmit SS blocks within the expected time window by exploiting the DL control region, which can be configured in every slot.      

In an example of Figure 2, an idle mode UE assumes that a default SS burst set periodicity is 80ms and maximum 200 SS blocks can be transmitted within an SS burst set. An SS block transmission window is configured for slots within the first 40ms. If a network is deployed in a frequency range above 6GHz with a default subcarrier spacing of 120 KHz, slot duration is 0.125ms and 80 slots are available per radio frame of 10ms duration.  Hence, 360 slots are available for potentially up to 200 SS blocks. 
The network can indicate whether a slot of an SS block transmission window carries an SS block or not, via common physical downlink control channel (C-PDCCH). A UE monitoring a DL control region of the slot can properly identify available control channel elements or resource elements available for PDSCH by decoding C-PDCCH.

[image: image2.emf]Default SS burst set periodicity (80ms)

SS block

SS block transmission window (40ms)

.  .  .  


Figure 2 Example of SS block transmission within an SS burst set
Proposal 6: Consider defining an SS block transmission window consisting of one or more consecutive slots within a default SS burst set period, and indicating dynamically whether an SS block exists or not in a given slot of the SS block transmission window.
5 Summary

In summary, we propose the followings for NR synchronization signal design:

Proposal 1: As for PSS/SSS numerology and transmission BW, adopt the followings:
· Frequency range below 6 GHz:15 KHz sub-carrier spacing and 8.64 MHz transmission BW  

· Frequency range above 6 GHz:120 KHz subcarrier spacing and 69.12 MHz transmission BW 

Proposal 2: Consider mapping a PSS sequence on alternate subcarriers of the PSS transmission BW.
Proposal 3: As for the NR minimum carrier BW, adopt 10 MHz for a frequency range below 6 GHz, and 80 MHz for a frequency range above 6 GHz. 
Proposal 4: PSS, SSS, and PBCH (if transmitted) are TDMed in an SS block for all frequency ranges.
Proposal 5: An SS block consists of two sub-bands, one sub-band located in the center of the SS transmission band and the other sub-band located in both edges of the SS transmission band, to support various UE and/or carrier bandwidths.

Proposal 6: Consider defining an SS block transmission window consisting of one or more consecutive slots within a default SS burst set period, and indicating dynamically whether an SS block exists or not in a given slot of the SS block transmission window.
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RAN1 NR Ad-Hoc agreements � REF _Ref473659155 \r \h ��[2]�:


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 from RAN1#85 � REF _Ref473900050 \r \h ��[3]�:


•       NR should support of flexible NW and UE channel bandwidth


•       FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access


•       The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 


•       The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth


-          FFS: minimum bandwidth


•       FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception


•       FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink


Agreements from RAN1#86 � REF _Ref473900555 \r \h ��[4]�:


Whether wideband and narrowband UEs can decode either all or partially the same NR broadcasted signals and channels, should be considered


This doesn’t mean the broadcasted signals/channels need to be narrowband





Agreements from RAN1 NR Ad-Hoc � REF _Ref473659155 \r \h ��[2]�:


A single set of possible SS block time locations is specified per frequency band.


FFS whether the set is defined with respect to SS burst set or radio frame


FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
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