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1 Introduction
During RAN1 Ad-Hoc meeting, the following agreements on NR-SS bandwidth were achieved [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
· FFS: UE bandwidth

During RAN1 Ad-hoc meeting, RAN1 discussed and agreed to support TDM of PSS and SSS in SS block as in [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

Also, during RAN1 Ad-hoc meeting, RAN1 agreed on the followings for NR-PBCH design:
Agreement:
· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
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In this contribution, the design considerations on NR synchronization signals bandwidth and multiplexing are discussed.  
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2 SS BW and multiplexing for below 6GHz
In RAN1 NR Ad-hoc meeting, we have agreed to use TDM PSS/SSS for single/multiple beam scenarios. For below6GHz, we further consider the multiplexing scheme of PSS/SSS/PBCH. In Figure 1, there are alternatives of the TDMed and IFDMed NR-SSS/PBCH multiplexing. Compared with TDMed NR-SSS/PBCH, the IFDMed NR-SSS/PBCH can improve the channel estimation under high mobility as well as reducing the CFO/phase noise impact. As shown in Figure 2, the IFDMed structure provides around 1.5dB improvement over TDMed one at BLER=1% assuming vehicle speed is v=120km/h. Therefore, considering the NR requirement of high-mobility scenarios with even larger than 120km/h, the IFDMed NR-SSS/PBCH has great advantage. 
In LTE, one SSS symbol is sent every 5ms and 40-bit PBCH symbols are sent every 10ms. To keep the 40-bit NR-PBCH payload and similar transmission times of NR-SSS in below6GHz every 10ms, we consider a SS block with one PSS symbol and 4 IFDMed or TDMed NR-SSS/PBCH symbols. Compared with 3 NR-SSS/PBCH symbols, more NR-SSS subcarriers of 4 IFDMed or TDMed NR-SSS/PBCH symbols can achieve better channel estimation for PBCH demodulation and also improve cell ID detection/RRM measurement performance as well as reducing the access latency. In our contribution in last meeting, we have shown the possible gain of PBCH detection is more than 2dB by using repeated NR-SSS to improve the channel estimation [2]. Further evaluation is needed on the number of NR-SSS/PBCH symbols per SS block.
In each SS block, there is one PSS symbol and we can put it in the middle of the SS block. As shown in Fig. 1, the larger distance between the repeated NR-SSS/PBCH symbols helps to achieve better CFO estimation. The UE can coarsely estimate the CFO based on synchronization signals and further refine the estimate by repeated NR-SSS/PBCH symbols by simple phase comparison. Average of the phase difference among more than one symbols further reduce the estimation error.
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Figure 1: SS multiplexing for below6GHz
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 (a) v=3km/h                            	    (b) v=120km/h
Figure 2: NR-PBCH performance for below6GHz

Proposal 1: In below 6GHz NR, 
· IFDMed NR-SSS/PBCH should be considered to combat with the channel variation due to user mobility. 
· NR-SSS is used as the RS for NR-PBCH demodulation. FFS on the number of NR-SSS/PBCH symbols per SS block.
3 SS BW and multiplexing for above 6GHz
In above 6GHz NR, SS block design would be different from that for below 6GHz since multi-beam sweeping operation needs to be applied on SS blocks in order to combat the large path loss. An SS block comprises a combination of synchronization signals (NR-SS), broadcast signals (NR-PBCH), and reference signals for NR-PBCH. In our proposal, NR-SS includes three types of synchronization signals: NR-PSS, NR-SSS, and NR-TSS. NR-PSS is for time/frequency synchronization, NR-SSS is to convey physical cell-ID, and NR-TSS is for both SS block index indication and SS burst set size [3]. NR-PBCH is for MIB and reference signals for NR-PBCH may be separately provided for demodulation of NR-PBCH, in case NR-PBCH is FDM’ed with NR-SSS. The multiplexing of signals/channels in an SS block needs to consider subcarrier spacing (SCS) for SS-block, the minimum NR carrier bandwidth, time/frequency synchronization performance, cell ID detection performance, and NR-PBCH decoding performance.

Proposal 2: For above 6 GHz NR, an SS block comprises a combination of NR-PSS, NR-SSS, NR-TSS and NR-PBCH; and RS for PBCH demodulation may also be added if NR-SSS and NR-PBCH are FDM’ed. 

In SS block design, it also needs to be considered the overhead-efficient time domain mapping to minimize the latency incurred due to beam sweeping operation for SS blocks. Wide minimum NR carrier bandwidth enables low sweeping latency as small number of OFDM symbols composes an SS block hence we propose that the minimum NR carrier bandwidth for above 6GHz should be 80MHz.

Proposal 3: For multi-beam based system, number of OFDM symbols composes an SS block should be minimized for a low beam sweeping latency.
Proposal 4: The minimum NR carrier bandwidth for above 6GHz NR should be 80MHz. 

In above 6GHz NR, CFO will become worse as the carrier frequency increases. Furthermore, phase noise will also reduce the synchronization performance of the system. One way to improve the CFO estimation performance is to repeat signals in two OFDM symbols and estimate the CFO by calculating the phase difference. 

Proposal 5: In above 6GHz NR, multiplexing of SS block should support repetitive signals or part of signals to improve the performance of CFO estimation. 

Figure 3 shows design examples on how to multiplex signals/channels in an SS block. The minimum NR carrier bandwidth of 80MHz is assumed and SCS of 120kHz and 240kHz are considered in 3-(a) and 3-(b), respectively. For both cases, a single SS block corresponds to one OFDM symbol when the SCS of data is 60kHz. Moreover, both designs support repetitive structure of NR-PBCH which can be used to improve the CFO estimation. For demodulation of NR-PBCH, NR-SSS can be utilized in 3-(a) while additional RS is required in 3-(b). However, as more resources are required to NR-SSS transmission in design 2-(a), coding rate of NR-PBCH of two designs can be comparable depending on the RS design in 3-(b). In 3-(a), since more transmission power (i.e., double) is used for NR-SSS transmission than 3-(b), it is carefully expected that the cell-ID detection performance of NR-SSS is better than that of 3-(b). The main drawback of 3-(a) is shorter CP length (i.e., half) compared to that of 3-(b) which may cause ISI to the next symbol. Overall, as each design has pros and cons, final decision will be made with simulation results on time/frequency synchronization performance, cell ID detection performance, and NR-PBCH decoding performance. The details of two designs are summarized in Table 1.




Figure 3. Multiplexing of NR-PSS, NR-SSS, NR-TSS, and NR-PBCH in an SS block
: (a) 80MHz BW and 240kHz SS-SCS, (b) 80MHz BW and 120kHz SS-SCS

Table 1. Physical resources for NR-SSs and NR-PBCH
	
	3-(a)
	3-(b)

	NR-PSS
	144REs / 34.56MHz
	144REs / 17.28MHz

	NR-SSS
	288REs / 69.12MHz
	144REs / 17.28MHz

	NR-TSS
	144REs / 34.56MHz
	144REs / 8.64MHz

	NR-PBCH
	576REs
	(+RS) 720REs



Proposal 6: In above 6GHz NR, SS block design examples in Figure 3 can be considered. Down-selection can be made between two examples with simulation results.
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4 Conclusion 
This contribution discussed the SS block bandwidth and multiplexing issues and made the following proposals. 
Proposals: In below 6GHz NR,
· IFDMed NR-SSS/PBCH should be considered to combat with the channel variation due to user mobility. 
· NR-SSS is used as the RS of the NR-PBCH demodulation. FFS on the number of NR-SSS/PBCH symbols per SS block.

Proposals: In above 6GHz NR,
· An SS block comprises a combination of NR-PSS, NR-SSS, NR-TSS and NR-PBCH; and RS for PBCH demodulation may also be added if NR-SSS and NR-PBCH are FDM’ed.
· Number of OFDM symbols composes an SS block should be minimized for a low beam sweeping latency.
· The minimum NR carrier bandwidth should be 80MHz.
· Multiplexing of SS block should support repetitive signals or part of signals to improve the performance of CFO estimation.
· SS block design examples in Figure 3 can be considered. Down-selection can be made between two examples with simulation results.
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Appendix A: Evaluation Results for NR-PBCH 
Table A1: Evaluation assumptions 
	Parameters
	Below6GHz

	Bandwidth
	5MHz

	Subcarrier spacing
	30kHz

	Carrier frequency
	4GHz

	FFT size
	256

	Delay spread
	100ns, 1000ns

	Modulation
	QPSK

	Antenna configuration
	2x2

	Payload size
	40bits

	Period
	40ms / 4times repetition

	Tx scheme
	SISO, 1-port precoding cycling, 2-port SFBC+precoder cycling, 2-port SFBC

	Velocity
	3km/h, 120km/h

	Channel model
	TDL-C

	Channel estimation
	2D MMSE

	Channel coding
	1/3 TBCC
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