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Introduction
RAN1 NR adhoc meeting made the following agreements on synchronization signal bandwidth and multiplexing:
Agreements on NR-SS bandwidth:
· 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 on PSS and SSS multiplexing:
· At least for single beam scenario, time division multiplexing of PSS and SSS is supported.

In this contribution, we continue to discuss and propose the subcarrier spacing, bandwidth selection of NR-PSS/SSS and the multiplexing with NR-PBCH issue in a SS block.
Subcarrier spacing
[bookmark: _Ref465847748]More numerologies defined for the initial synchronization would result in more deployment complexity for the gNB and less numerologies would limit deployment flexibility. It is better to select some typical default numerologies for the SS block in the initial synchronization procedure, especially the subcarrier spacing (SCS) values. It has been agreed that two frequency categories, below and above 6GHz, will be considered to select the default subcarrier spacing. When evaluating the synchronization performance and detection complexity, especially the initial frequency offset estimation, the normalized offset over the OFDM subcarrier spacing,  , where  is the frequency offset and  is the subcarrier spacing, is always selected as the reference. Thus, the expected maximum frequency offset with different frequency categories needs to be considered, and the selected default subcarrier spacing values needs to have robust enough performance and detection complexity in the selected frequency categories.
Therefore, we suggest to consider 30kHz and 120kHz as the default subcarrier spacing values for the frequency categories below and above 6GHz, respectively, in this phase. If any compatibility with LTE is needed or the lower frequency band needs to be supported, the selection on 15kHz subcarrier spacing could be also considered. 
30kHz and 120kHz are suggested as the default subcarrier spacing for SS block for the frequency categories below and above 6GHz, respectively, and 15kHz can be also considered if one more category below 6 GHz is introduced.
NR-PBCH[1] is used to deliver part of minimum system information together with the NR-PSS/SSS in a SS block. The terminals would demodulate and decode NR-PBCH after successful detection on NR-PSS/SSS, which would use the defined default subcarrier spacing values. Thus, it is also straightforward to assume the same subcarrier spacing of NR-PBCH, since the frequency offset estimation and time synchronization acquired from NR-PSS/SSS are unified for the NR-PBCH demodulation without extra adjustment. Therefore, we have the following proposal about the subcarrier spacing of NR-PBCH in a SS block.
UE would assume the same subcarrier spacing of NR-PBCH as NR-PSS/SSS in a SS block. 
Bandwidth
To save energy and avoid un-necessary interference in NR, periodic and static reference signals should be inserted as less as possible, which requires the periodicity of the NR-PSS/SSS for the initial random access to be much larger than PSS/SSS in LTE[2]. Thus, it is much important for NR to guarantee the detection performance good enough with one-shot detection and larger periodicity. Thus, we have the following proposal for the resource reserved for NR-PSS/SSS:
The bandwidth selection needs to consider the requirements on the target successful detection rate, periodicity and the frequency raster values.
From the sequence design aspect, it is expected to have a unified design on the synchronization sequence to handle the possible larger normalized offset with the scaled numerologies for different frequency categories, which is also mentioned in the other contribution[3]. Assuming the bandwidth and the time duration reserved for NR-PSS are  (in Hz) and  (in second), respectively, if  is constant for various configurations or numerologies, the one-shot detection performance on a given average signal-to-noise ratio (SNR) of each resource element would be expected to be similar with a good sequence design. For the scaled numerologies, it is expected to have the similar performance with either scaled  or  within the same effective propagation environment as illustrated in Figure 1.
[image: ]
[bookmark: _Ref474152544]Figure 1 Illustration with the same  for two subcarrier spacing values
The miss detection performance of NR-PSS with the proposed interleaved two ZC sequences[3] is presented in Figure 2 with the assumption illustrated in Figure 1, where scaled bandwidths and the same periodicities and searching windows in the time domain for the 15kHz subcarrier spacing and 30kHz subcarrier spacing are assumed. Note that the duration of the OFDM symbol of 30kHz SCS is half of that of 15kHz SCS, and the total sequence length is either 126 (a) or 254 (b) in the figure, which is constructed by two 63-length or 127-length ZC sequences, respectively. 
The simulation results show that the same  for two the scaled subcarrier spacing values would result in the close performance with the same searching window over the small delay and Doppler spread channel model. 
 [image: ][image: ]
		(a) Sequence length is 126					(b) Sequence length is 254
[bookmark: _Ref473891454]Figure 2 Illustration of NR-PSS miss detection performance with different bandwidth setting
The subcarrier spacing values and the bandwidths of a SS block are proposed and summarized in Table 1, where 4.32MHz and 17.28MHz are proposed for the 30kHz and 120kHz subcarrier spacing, respectively. The number of used subcarriers could be adjusted within the given band, according to e.g., the filter requirements in the UE. The bandwidth of 2.16MHz with 15kHz subcarrier spacing could be also considered if one more frequency category needs to be introduced below 6GHz. 
Table 1 Proposal on subcarrier spacing values and bandwidths of SS block
	
	Set I
	Set II
	Set III (optional)

	Frequency category
	Below 6GHz
	Above 6GHz
	Below 6GHz

	Subcarrier spacing
	30kHz
	120kHz
	15kHz

	SS block bandwidth
	4.32MHz
	17.28MHz
	2.16MHz


Multiplexing with NR-PBCH
It has been agreed that at least for single beam scenario, time division multiplexing of NR-PSS and NR-SSS is supported, and the working assumption is that the time division multiplexing of them is supported for multiple beam scenario. Then, it is necessary to consider the multiplexing between NR-PSS/SSS and NR-PBCH in a SS block, which could be either TDM or FDM as illustrated in Figure 3, where two OFDM symbols in the block reserved for NR-PBCH is an example, which is discussed in the NR-PBCH contribution[4].  
[image: ]
[bookmark: _Ref474154566]Figure 3 Illustration of multiplexing NR-PSS/SSS with NR-PBCH 
As we know, after successful detection on NR-PSS/SSS, the terminal can use the filtered samples in a given searching window after the frequency raster for the following NR-PBCH processing without extra filtering if the NR-PBCH is allocated in the same band as NR-PSS/SSS, i.e., TDM-based. Though the possible analog beamforming could be better supported with FDM, the extra demodulation reference signals in the NR-PBCH band would be needed, especially in a scenario with large delay spread, e.g., single frequency network (SFN) transmission. The shorter OFDM symbol of the larger subcarrier spacing for the higher frequency categories can also facilitate the analog beamforming in this case. 
With the TDM-based structure, the coarse frequency synchronization and the OFDM symbol synchronization can be obtained from the successful detection of the NR-PSS. Based on the synchronization results, the detection of the NR-SSS can be done in the frequency domain. In addition to the acquisition of the relevant ID information from the detected SS sequence identity, the frequency offset can be refined based on the phase rotation between the NR-PSS and NR-SSS symbols. Note that NR-SSS can be in the middle of NR-PBCH region to have a better channel estimation to assist NR-PBCH demodulation if NR-SSS is used as the demodulation reference signal for NR-PBCH. Therefore, we have the following the proposal:
NR-PBCH are time division multiplexed with NR-PSS/SSS in a SS block
Conclusion
Based on the discussion in above sections, we propose the following:
Proposal 1	30kHz and 120kHz are suggested as the default subcarrier spacing for SS block for the frequency categories below and above 6GHz, respectively, and 15kHz can be also considered if one more category below 6 GHz is introduced.
Proposal 2	UE would assume the same subcarrier spacing of NR-PBCH as NR-PSS/SSS in a SS block
Proposal 3	The bandwidth selection needs to consider the requirements on the target successful detection rate, periodicity and the frequency raster values
Proposal 4	NR-PBCH are time division multiplexed with NR-PSS/SSS in a SS block
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