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Introduction
In RAN1 Ad-Hoc Meeting, the following has been agreed on synchronization signal subcarrier spacing for NR design [1]:
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

In addition, the minimum carrier bandwidth and synchronization signal transmission bandwidth for NR design were agreed for the following [1]:
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

Synchronization signal multiplexing for NR design were agreed for the following [1]:

Agreements:
· 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.

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 [4]. 
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 [5] and [6] with solutions proposed to reduce initial access latency and beam sweep overhead. 
In this contribution, we consider the SS bandwidth and multiplexing, and minimum carrier bandwidth in NR, and the related observations for initial access design for single and multi-beam initial access. 

SS Multiplexing
The synchronization signal may be multiplexed either in time or frequency division fashion. Synchronization signal multiplexing for the NR design supports at least for single beam scenario, time division multiplexing (TDM) of PSS and SSS. Time division multiplexing of PSS and SSS is supported for multiple beam scenario as a working assumption. 
TDM may have the several advantages. For example, TDM may enable a better channel estimation and use of reference signal for SS signal dection. In TDM, NR-SS may be used as 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 including NR-PBCH is used. Some aspects for NR-PBCH transmission and multiplexing were discussed in [7]. 
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 [8].
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. Furthermore, FDM is not backward compatibile with the existing LTE system. 

Proposal 1: Time division multiplexing may be considered for NR-PSS, NR-SSS and/or NR-PBCH in a SS block in a multi-beam based system.

SS Bandwidth and Numerology 
[bookmark: _Ref471595210]Although multiple frequency range categories may be defined for NR, as a starting point, two main frequency categories may be considered and studied. Frequency range category 1 may be defined as frequency range below 6 GHz in which 15 kHz, 30 kHz and 60 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 minimum NR carrier bandwidth may be 5 MHz, 10 MHz or 20 MHz. The candidate transmission bandwidth of each synchronization signal may be about 1.08 MHz, 2.16 MHz, 4.32 MHz or 8.64 MHz. In frequency range category 2, candidate minimum NR carrier bandwidth may be 20 MHz, 40 MHz or 80 MHz. Candidate transmission bandwidth of each synchronization signal may be about 8.64 MHz, 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 may be needed 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 [9].
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 properly. 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 [10] and [11].
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 bandth may be needed. The SS transmission bandwidth also depends on subcarrier spacing, and is proportional to both SS sequence legth and subcarrier spacing. For example, when 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 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. This may in turn determine the minimum carrier bandwidth. In case of 8.64 MHz SS transmission bandwidth, 20 MHz may be considered for minimum carrier bandwidth. In case of 69.12 MHz SS transmission bandwidth, 80 MHz may be considered for minimum carrier bandwidth. 
Similarly for lower frequency category below 6GHz, when short SS length with small subcarrier spacing (e.g., 15 KHz) is used, we may need as low as 1.08 MHz for SS transmission bandwidth. When long SS length with large subcarrier spacing (e.g., 60 KHz) is used, we may need as high as 8.64 MHz for SS transmission bandwidth. In case of 1.08 MHz SS transmission bandwidth, 5 MHz may be considered for minimum carrier bandwidth. In case of 8.64 MHz SS transmission bandwidth, 10 MHz may be considered for minimum carrier bandwidth. This is summarized in Table 1.

Table 1. Frequency range category and corresponding bandwidth
	
	Below 6 GHz
	Above 6 GHz

	Minimum Carrier Bandwidth
	5 MHz to 10 MHz
	20 MHz to 80 MHz

	SS Transmission Bandwidth
	1.08 MHz to 8.64 MHz
	8.64 MHz to 69.12 MHz



Figure 1 shows the SS performance impact due to the use of different subcarrier spacings. Figure 1 also shows the SS performance impact due to the CFO. Subcarrier spacing 120 KHz and 240 KHz are considered using different CFO settings. It is shown that when there is no CFO (CFO is 0ppm) or the CFO is small (CFO is 1ppm), the subcarrier spacings 120 KHz or 240 KHz may not have any impact due to CFO and both have the same or similar performance. However, when CFO is large (CFO is 2ppm), larger subcarrier spacing (240 KHz) has better performance than smaller subcarrier spacing (120 KHz), the performance improvement is about 3 dB at 10% probability of miss detection. In addition, when CFO is large (CFO is 2ppm), larger subcarrier spaing (240 KHz) has no or minimal impact on performance while smaller subcarrier spaing (120 KHz) has 3 dB performance degradation as compared to no CFO case.
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[bookmark: _Ref473976489]Figure 1: NR-SS Detection Performance




Proposal 2: Subcarrier spacing of 120 KHz or 240 KHz may be considered for frequency range above 6 GHz. Subcarrier spacing of 15 KHz, 30 KHz or 60 KHz may be considered for frequency range below 6 GHz.
Proposal 3: Minimum NR carrier bandwidth of 20 MHz or 40 MHz may be considered for frequency range above 6 GHz. Minimum NR carrier bandwidth of 5 MHz or 10 MHz may be considered for frequency range below 6 GHz.

Conclusions
In this contribution, we consider the SS bandwidth and multiplexing and related observations for initial access design for single and multi-beam initial access. We have the following proposals:
Proposal 1: Time division multiplexing may be considered for NR-PSS, NR-SSS and/or NR-PBCH in 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, 30 KHz or 60 KHz may be considered for frequency range below 6 GHz.
Proposal 3: Minimum NR carrier bandwidth of 20 MHz or 40 MHz may be considered for frequency range above 6 GHz. Minimum NR carrier bandwidth of 5 MHz or 10 MHz may be considered for frequency range below 6 GHz.
.

References
[1] [bookmark: _Ref473842049][bookmark: _Ref471659814][bookmark: _Ref471598259][bookmark: _Ref466018718]Chairman’s Notes, 3GPP TSG-RAN WG1 NR Ad-Hoc, 16th – 20th January 2017, Spokane, USA
[2] Chairman’s Notes, 3GPP TSG-RAN WG1 #86bis, 10th - 14th October 2016, Lisbon, Portugal
[3] [bookmark: _Ref471759828]Chairman’s Notes, 3GPP TSG-RAN WG1 #87, 14th – 18th November 2016, Reno, USA
[4] [bookmark: _Ref460871264][bookmark: _Ref458702429][bookmark: _Ref458702606][bookmark: _Ref458702426]Chairman’s Notes, 3GPP TSG-RAN WG1 #86, 22nd – 26th August 2016, Gothenburg, Sweden
[5] [bookmark: _Ref471764858]R1-1612627, “Considerations for Initial Synchronization in NR”, InterDigital, 3GPP TSG-RAN WG1 Meeting #87, Reno, USA, November 14-18, 2016
[6] [bookmark: _Ref465928293]R1-1612631, “Performance Evaluation for Hierarchical Initial Access Design”, InterDigital, 3GPP TSG-RAN WG1 Meeting #87, Reno, USA, November 14-18, 2016
[7] [bookmark: _Ref473991131]R1-1702318, “On Broadcast Channel Transmission in NR”, InterDigital, 3GPP TSG-RAN WG1 Ad-Hoc Meeting, Spokane, USA, January 16-12, 2017
[8] [bookmark: _Ref473991441]R1-1702319, “Consideration on NR-PBCH and System Information Delivery in NR”, InterDigital, 3GPP TSG-RAN WG1 Ad-Hoc Meeting, Spokane, USA, January 16-12, 2017
[9] [bookmark: _Ref473990925]R1-1702317, “On Synchronization Signal and Sequence Design”, InterDigital, 3GPP TSG-RAN WG1 Ad-Hoc Meeting, Spokane, USA, January 16-12, 2017
[10] [bookmark: _Ref473991847]R1-1702315, “Consideration on SS Burst Design and Indication”, InterDigital, 3GPP TSG-RAN WG1 Ad-Hoc Meeting, Spokane, USA, January 16-12, 2017
[11] [bookmark: _Ref473991682]R1-1702316, “On SS Periodicity for Synchronization”, InterDigital, 3GPP TSG-RAN WG1 Ad-Hoc Meeting, Spokane, USA, January 16-12, 2017




























Appendix: Evaluation assumptions
[bookmark: _Ref462836543]Table A.1. Simulation Assumptions

	Carrier Frequency
	30 GHz

	PSS Sequence
	· ZC length = 63 (root 29)
· ZC length = 63 Repetition 2x  (root 29)
· ZC length = 63 Repetition 4x  (root 29)
· ZC length = 127 (root 62)
· ZC length = 127 Repetition 2x (root 62)
· ZC length = 255  (root 1)

	SSS Sequence
	LTE

	Probability of False Alarm
	0.01

	Channel Model
	CDL-C 
Delay Scaling values 30 ns for 30 GHz

	UE speed
	3km/h

	FFT size / Subcarrier Spacing 
	· 256 points FFT / 240kHz
· 512 Points FFT/ 120 kHz

	Antenna Configuration at the TRP
	(4,8,2), with omni directional antenna elements

	Antenna Configuration at the UE
	(2,4,2), with omni directional antenna elements

	Antenna port virtualization
	DFT-based the beamforming method, 
· BS 28 beams cover 360 degrees, 
· UE 1 beam directly pointing in the direction of AoA ZoA

	Periodicity 
	5 ms

	Detection
	Correlation based single-shot detection

	Frequency Offset
	UE: uniform distribution +/- 1 ppm, +/- 2 ppm, +/- 5 ppm (baseline : no CFO)
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