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Introduction
In RAN1 Ad-Hoc Meeting, the following has been agreed on synchronization signal subcarrier spacing and minimum carrier bandwidth for NR design [3]:
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

In addition, in RAN1 #88 Meeting the synchronization signal transmission bandwidth for NR design were agreed for the following [1]:
Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz
·  Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz
·  Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz
· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4
· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth
· Note that additional parameter set or further down selection of parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel



Synchronization signal sequence for NR design was agreed for the following [1]:
· RAN1 will definitely select the number of NR-PSS sequences from following 2 alternatives in the next meeting
· Alt. 1: NR supports one NR-PSS sequence, and no cell ID hypothesis is carried by NR-PSS
· Alt. 2: NR supports 3 NR-PSS sequences
· The number of antenna port of NR-PSS is 1

Working assumptions:
· About 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design
· FFS whether NR-PSS/SSS could be used to indicate information other than NR physical cell ID
· FFS further extension of ID space for non-mobility purpose through e.g., broadcast
· RAN1 considers NR-PSS and NR-SSS have same transmission bandwidth

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example, operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR [5]. 
Unlike < 6 GHz operation, high frequency beam-based operations present specific and unique challenges for initial access. The problem of initial access for single and multi-beam operation has been discussed in [6] and [7] with solutions proposed to reduce initial access latency and beam sweep overhead. 
[bookmark: _GoBack]In this contribution, we consider SS bandwidth, multiplexing, sequence and minimum carrier bandwidth in NR, and the related observations for initial access design for single and multi-beam initial access. 

Synchronization Signal Multiplexing
The synchronization signal may be multiplexed either in time or frequency division fashion. Synchronization signal multiplexing for the NR design supports time division multiplexing (TDM) of PSS and SSS for the single beam and multi-beam scenarios. TDM of PSS, SSS and PBCH is supported for multiple beam scenario as a working assumption. Multiplexing scheme should consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth.
TDM may have the several advantages. For example, TDM may enable a better channel estimation and use of the reference signal for SS signal detection. In TDM, NR-SS may be used as a reference signal (RS) for NR-PBCH demodulation. TDM may also facilitate more efficient carrier frequency offset (CFO) estimation and compensation. A self-contained NR-PBCH demodulation reference signal (DMRS) may be used for NR-PBCH demodulation with the assistance of the TDM NR-SS to demodulate NR-PBCH for enhanced performance when TDM of NR-SS and NR-PBCH is used. Some aspects for NR-PBCH transmission and multiplexing were discussed in [8]. 
However TDM may have higher beam sweep overhead in a multi-beam based system. When a large number of beams is used, TDM of SS signal may result in large number of SS blocks transmitted which increases the signal overhead. Technologies to reduce beam sweep overhead may be used to reduce signal overhead in TDM. Reducing beam sweep overhead for a multi-beam based deployment was discussed in [9].
In frequency division multiplexing (FDM), such beam sweep overhead is smaller as compared with TDM since PSS, SSS and/or PBCH are multiplexed in the frequency domain within a OFDM symbol. However FDM may increase the minimum carrier bandwidth that is required. In addition, FDM may not allow a sufficient power boosting of the SS signal in case it is needed for coverage purpose. 

Proposal 1: Time-division multiplexing should be considered for NR-SS and NR-PBCH within a SS block in a multi-beam based system.
 Synchronization Signal Bandwidth 
[bookmark: _Ref471595210]Although multiple frequency range categories may be defined for NR, as a starting point, two main frequency categories should be considered and studied. Frequency range category 1 may be defined as frequency range below 6 GHz in which 15 kHz and 30 kHz are candidate subcarrier spacing values. Frequency range category 2 may be defined as a frequency range above 6 GHz in which 120 kHz and 240 kHz are candidate subcarrier spacing values. 
In frequency range category 1, the candidate maximum NR-SS transmission bandwidth may be 5 MHz and 10 MHz. For example, the candidate transmission bandwidth of each synchronization signal may be about 2.16 MHz, 4.32 MHz or 8.64 MHz. In frequency range category 2, maximum NR-SS transmission bandwidth may be 40 MHz and 80 MHz. For example, the candidate transmission bandwidth of each synchronization signal may be about 17.28 MHz, 34.56 MHz or 69.12 MHz.
The above frequency range categories may be further divided into different categories with different parameters. The bandwidth of additional synchronization signals need to be defined if additional synchronization signals are defined. However, it is to be determined if this is necessary.
The following should be considered jointly when designing the synchronization signal for initial access:
· SS transmission bandwidth 
· Minimum carrier bandwidth
· SS subcarrier spacing
· SS sequence design including sequence length
· SS periodicity
· SS multiplexing

We may want to have the minimum carrier bandwidth as small as possible to accommodate different use cases and deployment scenarios. However, the minimum carrier bandwidth is lower bounded by the SS transmission bandwidth. The SS transmission bandwidth depends on the subcarrier spacing and SS sequence design e.g., SS sequence length. The determination on subcarrier spacing may be based on considerations such as the impact of carrier frequency offset (CFO), complexity, IFFT/FFT size, etc. Determination of sequence design may be based on the SS detection performance, UE complexity and latency. SS sequence design may be determined to meet synchronization detection and latency requirements. Some aspects for synchronization signal and sequence design were discussed in [10].
One design principle should consider either a one-shot SS sequence detection that may deal with longer periodicity and a multi-shot sequence detection for shorter periodicity. One-shot SS sequence detection with longer periodicity or multi-shot sequence detection with shorter periodicity may deliver the same or similar SS detection performance. However, a one-shot SS sequence detection with longer periodicity or multi-shot sequence detection with shorter periodicity may have different impact on the latency and required power. The designs should meet both the performance and latency requirements. This may be used to determine the periodicity in combination with consideration of the UE power consumption and network energy efficiency. As an example, a one-shot SS sequence detection with a longer periodicity may enhance network energy efficiency at the cost of higher power consumption at UE, while a multi-shot sequence detection with shorter periodicity may reduce UE power consumption at the cost of lower network energy efficiency. 
One-shot SS sequence with longer periodicity and multi-shot sequence with shorter periodicity may have the same or similar latency if the designs of SS sequence and periodicity are jointly considered. Therefore, for the designs of one-shot SS sequence and multi-shot sequence, the same or similar SS detection performance and latency can be delivered if designed properly. The other difference may be power consumption for UE and network. Some trade-offs between UE power consumption and network energy efficiency should be considered. Some aspects of SS burst design and SS periodicity for synchronization signal were discussed in [11] and [12].
Once one-shot or multi-shot SS sequence is determined, the SS transmission bandwidth can be determined. One-shot SS sequence design requires a longer sequence length to enhance the SS detection performance in order to acheieve one shot detection. However, in multi-shot SS sequence designs, a shorter SS sequence length may be sufficient. 
One-shot SS may use frequency repetition to construct a longer sequence or design a long SS sequence directly. When one-shot SS design is used, depending on the length of SS sequence, larger SS transmission bandwidth may be needed. The SS transmission bandwidth also depends on subcarrier spacing, and is proportional to both SS sequence length and subcarrier spacing. For example, when a short SS length with small subcarrier spacing (e.g., 120 KHz) is used, we may need as low as 8.64 MHz for SS transmission bandwidth. When a long SS length with large subcarrier spacing (e.g., 240K Hz) is used, we may need as high as 69.12 MHz for SS transmission bandwidth. It is similar for lower frequency category below 6GHz. Example frequency range category and corresponding bandwidth is summarized in Table 1.
Table 1. Example frequency range category and corresponding bandwidth
	
	Below 6 GHz
	Above 6 GHz

	Minimum Carrier Bandwidth
	5 MHz, 10 MHz
	40 MHz, 80 MHz

	SS Transmission Bandwidth
	2.16 MHz to 8.64 MHz
	17.28 MHz to 69.12 MHz

	Subcarrier Spacing
	15KHz, 30KHz
	120KHz, 240KHz



Proposal 2: Subcarrier spacing of 120 KHz or 240 KHz may be considered for frequency range above 6 GHz. Subcarrier spacing of 15 KHz or 30 KHz may be considered for frequency range below 6 GHz. Maximum NR SS bandwidth of 40 MHz or 80 MHz and 5 MHz or 10 MHz may be considered for frequency range above and below 6 GHz respectively.

Synchronization Signal Sequence
In this section, we consider the SS sequence design. About 1000 hypotheses may be provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design. It may be further investigated whether NR-PSS/SSS can be used to indicate information other than the NR physical cell ID. In order to reduce complexity due to NR-PSS detection, NR may consider supporting only one NR-PSS sequence. In other words, no cell ID hypothesis may be carried by NR-PSS. It may be possible to use NR-PSS/SSS to indicate information other than NR physical cell ID, however further investigation is needed. Since use of the PSS to indicate other information may increase the number of hypotheses for NR-PSS detection which will result in increased detection complexity, therefore use of NR-PSS to indicate additional information may not be preferred. Instead, NR-SSS may be used to indicate information other than NR physical cell ID. The trade-off between benefits of obtaining other information from NR-SSS and increased detection complexity of NR-SSS should be carefully studied. In addition, further extension of the ID space may be considered. Such extension of ID space may be carried out by other signal(s) or channel(s) such as broadcast channel. 
Proposal 3: If further extension of ID space is considered, the extension of ID space should be carried out by other signal(s) or channel(s).
Proposal 4: NR may consider support for one NR-PSS sequence with no cell ID hypothesis carried by NR-PSS.
Proposal 5: NR may consider support for one-shot detection NR-SS design.

Synchronization Signal Evaluation 
Evaluation Result
For initial access evaluation, we can consider the following performance metrics as below:
· PAPR
· Joint PSS/SSS misdetection rate
· Residual timing offset and carrier frequency offset
· Cross-correlation performance of NR-SS sequences
In this section, evaluation results are provided as follows.

PAPR
Table 2 shows PAPR for ZC sequence. Figure 1 shows PAPR for m sequence. The choice of root index can be further optimized. The choice of m sequence and cyclic shift can be further optimized. 

Table 2. PAPR value
	
	PAPR [dB]

	ZC126 
root index 62
	4.6920

	ZC63, Interleaved
root index 29
	7.0917




[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\papr_idcc.png]
Figure 1. PAPR for m sequence



Joint PSS/SSS misdetection rate
Figure 2 shows misdetection rate for joint PSS/SSS detection. 

[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\240_pmd_idcc.png]
Figure 2. Misdetection rate

Residual timing offset and carrier frequency offset
Figure 3 shows residual timing offset and Figure 4 shows residual carrier frequency offset.

[image: C:\Users\panjl\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\AGSHX9P6\240_rto_idcc.png]
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Figure 3. Residual timing offset


[image: ]
Figure 4. Residual carrier frequency offset

Table 3 shows 50% and 90% tile residual timing offset and carrier frequency offset.
Table 3. 50% and 90% tile residual timing offset and carrier frequency offset
	50% and 90% tile
	No interferer (240KHz SCS, above 6GHz)

	
	Residual timing offset (us)
	Residual carrier frequency offset (Hz)

	
	0.0162
	0.065
	6.467 KHz
	15.140 KHz


Cross-correlation performance of NR-SS sequences
Figure 5 shows correlation performance for NR-PSS using ZC sequence. Figure 6 shows cross-correlation performance for NR-SSS using m sequence. The choice of root index for ZC sequence and shift for m sequence can be further optimized.
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Figure 5. Correlation performance for ZC sequence
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Figure 6. Cross-correlation performance for m sequence
Conclusions
In this contribution, we consider the SS bandwidth, multiplexing, sequence and related observations for initial access design for single and multi-beam initial access. We have the following proposals:
Proposal 1: Time-division multiplexing should be considered for NR-SS and NR-PBCH within a SS block in a multi-beam based system.
Proposal 2: Subcarrier spacing of 120 KHz or 240 KHz may be considered for frequency range above 6 GHz. Subcarrier spacing of 15 KHz or 30 KHz may be considered for frequency range below 6 GHz. Maximum NR SS bandwidth of 40 MHz or 80 MHz and 5 MHz or 10 MHz may be considered for frequency range above and below 6 GHz respectively.
Proposal 3: If further extension of ID space is considered, the extension of ID space should be carried out by other signal(s) or channel(s).
Proposal 4: NR may consider support for one NR-PSS sequence with no cell ID hypothesis carried by NR-PSS.
Proposal 5: NR may consider support for one-shot detection NR-SS design.
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Appendix: Evaluation assumptions

Based on the evaluation assumptions described in 3GPP TR38.802, link-level evaluation assumptions is provided in table 1. 

Table A1. Link-level Evaluation Assumptions
	Parameter
	Value

	
	For below 6GHz
	For above 6GHz

	Carrier Frequency
	4GHz
	30GHz

	Default subcarrier spacing
	15kHz, 30kHz
	120kHz, 240kHz

	Channel Model
	Table A.1.5-1 in [2]
Note: Zero interfering TRP should be assumed for above 6GHz.

	Antenna Configuration
	

	UE speed
	

	Number of interfering TRPs
	

	Target received baseband SNR 
	-6dB
Note: Proponents provide results over a range of SNR including -6 dB.

	NR-PSS/SSS detection
	Note: Good one-shot detection probability should be taken into account for reporting joint PSS/SSS misdetection rate, the residual timing error and frequency error.
Note: For reporting joint PSS/SSS detection latency, accumulation among SS blocks in different SS burst sets is not precluded.

	Frequency Offset
	· For initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5, 10, 20 ppm (each company to choose one)
· Non-initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm
Note: The 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

	Timing arrival difference from interfering TRPs
	· Synchronous scenario: 
Uniformly distributed from -3/N us to +3/N us, where N denotes scaling factor (N= Default subcarrier spacing (kHz)/15(kHz)).
· Asynchronous scenario: 
Uniformly distributed from -1 ms to 1 ms

	BS Tx power for NR-SS 
	Note: Companies describe whether it is assumed that the TX power is kept constant when comparing different sequence proposals.
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