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1. Introduction
The bandwidth, periodicity and multiplexing schemes for NR synchronization signals have been discussed
Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz

Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

2. Overhead for different SS multiplexing schemes
In this paper, we would like to analyze the overhead for each of the possible multiplexing schemes for PSS/SSS with/without PBCH at frequency band higher than 6GHz.
The analysis is based on the assumption that PSS, SSS and PBCH all occupy 6RBs as in LTE, and the time domain duration is also the same as in LTE, which are 1 symbol, 1symbol and 4symbols respectively. The periodicity of PSS and SSS in LTE are 5ms while that of PBCH is 40ms (4 transmissions) as reference. The time domain overhead for the transmission of PSS and SSS is  2/70 = 2.8%, while that for the PBCH is 4/140 = 2.8% also.  Therefore, the total overhead for transmitting PSS, SSS and PBCH is 5.6%.
According to the agreed evaluation assumption of antenna configurations, for 30GHz, the four-panel antenna configuration at TRP is assumed. At 30GHz, we assume that 32 beams (H8V4) are used at TRP for the cell coverage as in our companion contribution [1].
Table 1. Reference size of occupied bandwidth and symbols within 1ms per numerology
	
	6RB
	1ms

	15KHz
	1.08MHz
	14 symbol

	30KHz
	2.16MHz
	28 symbol

	60KHz
	4.32MHz
	56 symbol

	120KHz
	8.64MHz
	112 symbol

	240KHz
	17.28MHz
	224symbol

	480KHz
	34.56MHz
	448symbol


· Scheme 1: PSS+SSS TDM
In this scheme, the PSS and SSS are transmitted in TDM manner as in LTE. One PSS and one SSS are transmitted in one SS block. Therefore, one SS block occupies 2 symbols. To transmit total 32 beams, 64 symbols are needed. The bandwidth occupied is still 6RB.
In Table.2, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.2 Minimum required bandwidth and time domain overhead under Scheme 1
	
	6 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	1.08MHz
	5MHz
	21.6%
	91.43%
	11.43%
	4.57%

	30KHz
	2.16MHz
	5MHz
	43.2%
	45.72%
	5.72%
	2.29%

	60KHz
	4.32MHz
	5MHz
	86.4%
	22.86%
	2.86%
	1.14%

	120KHz
	8.64MHz
	20MHz
	43.2%
	11.43%
	1.43%
	0.57%

	240KHz
	17.28MHz
	20MHz
	86.4%
	5.71%
	0.71%
	0.29%

	480KHz
	34.56MHz
	40MHz
	86.4%
	2.86%
	0.36%
	0.14%


From the frequency domain utilization and time domain overhead result, it can be observed that 60KHz and 40ms periodicity achieves maximum frequency utilization and comparable time domain overhead with LTE. 
Observation 1: For TDM transmission of PSS and SSS of 32 SS blocks, the 60 KHz subcarrier spacing and 40ms periodicity achieves maximum frequency utilization and comparable time domain overhead with LTE. The minimum required bandwidth for SS is 5MHz, which is smaller than the working assumption.
If SS blocks are also FDMed, which assumes that each panel transmits one analog beam and the four panels transmitting simultaneously. In this way, total 24RBs and 16 symbols will be used for transmitting 32 SS blocks. Obviously, when SS blocks are FDMed, the coverage will be reduced. When four SS blocks are FDMed, the coverage will be 6dB less than with only one SS block in one symbol.
Table.3 Minimum required bandwidth and time domain overhead under Scheme 1 with FDMed SS blocks
	
	24 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	4.32MHz
	5MHz
	86.4%
	22.86%
	2.86%
	1.14%

	30KHz
	8.64 MHz
	20MHz
	43.2%
	11.43%
	1.43%
	0.57%

	60KHz
	17.28 MHz
	20MHz
	86.4%
	5.72%
	0.72%
	0.29%

	120KHz
	34.56 MHz
	40MHz
	86.4%
	2.86%
	0.36%
	0.14%

	240KHz
	69.12 MHz
	80MHz
	86.4%
	1.43%
	0.18%
	0.07%

	480KHz
	138.24 MHz
	-
	-
	-
	-
	-


Observation 2: If SS blocks are FDMed in scheme 1, the 120KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 40MHz.
· Scheme 2: PSS+SSS FDM
In this scheme, the PSS and SSS are transmitted in FDM manner. One PSS and one SSS are transmitted in one SS block. Therefore, one SS block occupies 1 symbol. To transmit total 32 beams, 32 symbols are needed. The bandwidth occupied is 12RB.
In Table.4, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.4 Minimum required bandwidth and time domain overhead under Scheme 2
	
	12 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	2.16MHz
	5MHz
	43.2%
	45.72%
	5.72%
	2.29%

	30KHz
	4.32MHz
	5MHz
	86.4%
	22.86%
	2.86%
	1.15%

	60KHz
	8.64MHz
	20MHz
	43.2%
	11.43%
	1.43%
	0.57%

	120KHz
	17.28MHz
	20MHz
	86.4%
	5.72%
	0.72%
	0.29%

	240KHz
	34.56MHz
	40MHz
	86.4%
	2.86%
	0.36%
	0.14%

	480KHz
	69.12MHz
	80MHz
	86.4%
	1.43%
	0.18%
	0.07%


Observation 3: For FDM transmission of PSS and SSS of 32 SS blocks, both the 30 KHz subcarrier spacing with 40ms periodicity and 240KHz subcarrier spacing with 5ms periodicity, achieves maximum frequency utilization and comparable time domain overhead with LTE. The minimum required bandwidth for SS is 5MHz and 40MHz, respectively.
If SS blocks are further FDMed, total 48RBs and 8 symbols will be used for transmitting 32 SS blocks. 
Table.5 Minimum required bandwidth and time domain overhead under Scheme 2 with FDMed SS blocks
	
	48 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	8.64MHz
	20MHz
	43.2%
	11.43%
	1.43%
	0.57%

	30KHz
	17.28MHz
	20MHz
	86.4%
	5.72%
	0.72%
	0.29%

	60KHz
	34.56 MHz
	40MHz
	86.4%
	2.86%
	0.36%
	0.14%

	120KHz
	69.12 MHz
	80MHz
	86.4%
	1.43%
	0.18%
	0.07%

	240KHz
	138.24 MHz
	-
	
	-
	-
	-

	480KHz
	276.48MHz
	-
	
	-
	-
	-


Observation 4: If SS blocks are further FDMed in scheme 2, the 60 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 40MHz. For 120KHz subcarrier spacing, the minimum required bandwidth is 80MHz with reduced time domain overhead.
· Scheme 3: PSS+SSS+PBCH TDM
In this scheme, one SS block consists of the PSS, SSS and PBCH. They are all transmitted in TDM manner as illustrated in Figure.1. Therefore, one SS block occupies 6 symbols. To transmit total 32 beams, 192 symbols are needed. The bandwidth occupied is still 6RB.
 SHAPE  \* MERGEFORMAT 



Figure.1

In Table.6, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.6 Minimum required bandwidth and time domain overhead under Scheme 3
	
	6 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	1.08MHz
	5MHz
	21.6%
	Not enough
	34.28%
	14.71%

	30KHz
	2.16MHz
	5MHz
	43.2%
	Not enough
	17.14%
	7.36%

	60KHz
	4.32MHz
	5MHz
	86.4%
	68.57%
	8.57%
	3.68%

	120KHz
	8.64MHz
	20MHz
	43.2%
	34.29%
	4.29%
	1.84%

	240KHz
	17.28MHz
	20MHz
	86.4%
	17.14%
	2.14%
	0.92%

	480KHz
	34.56MHz
	40MHz
	86.4%
	8.57%
	1.07%
	0.46%


It can be observed that in this scheme, 5 ms periodicity is not acceptable for subcarrier spacing smaller than 60KHz.
Observation 5: 5ms periodicity is not acceptable for PSS,SSS and PBCH TDM transmission for subcarrier spacing smaller than 60KHz. The 480KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE (5.6%). 
If SS blocks are also FDMed, which assumes that each panel transmits one analog beam and the four panels transmitting simultaneously. In this way, total 24RBs and 48 symbols will be used for transmitting 32 SS blocks. 
Table.7  Minimum required bandwidth and time domain overhead under Scheme 3 with FDMed SS blocks
	
	24 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	4.32MHz
	5MHz
	86.4%
	68.57%
	8.57%
	3.43%

	30KHz
	8.64 MHz
	20MHz
	43.2%
	34.29%
	4.29%
	1.72%

	60KHz
	17.28 MHz
	20MHz
	86.4%
	17.14%
	2.14%
	0.86%

	120KHz
	34.56 MHz
	40MHz
	86.4%
	8.57%
	1.07%
	0.43%

	240KHz
	69.12 MHz
	80MHz
	86.4%
	5.28%
	0.53%
	0.21%

	480KHz
	138.24 MHz
	-
	-
	-
	-
	-


Observation 6: If SS blocks are further FDMed in scheme 3, the 240 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. For 120KHz subcarrier spacing, the minimum required bandwidth is 40MHz with increased time domain overhead.
· Scheme 4: PSS+SSS TDM PBCH FDM
In this scheme, the PSS, SSS are transmitted in TDM manner. PBCH is transmitted in FDM manner with PSS and SSS. One PSS, one SSS and one PBCH are transmitted in one SS block. The illustration is presented in Figure.2, where the PBCH is separated into two parts, where each part occupies 6RBs and 2 symbols so as to align with PSS and SSS.  Therefore, one SS block occupies 2 symbols and 18 RBs. To transmit total 32 beams, 64 symbols are needed.
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Figure.2 
In Table.8, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.8 Minimum required bandwidth and time domain overhead under Scheme 4
	
	18 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	3.24MHz
	5MHz
	64.8%
	91.43%
	11.43%
	4.57%

	30KHz
	6.48MHz
	20MHz
	32.4%
	45.72%
	5.72%
	2.29%

	60KHz
	12.96MHz
	20MHz
	64.8%
	22.86%
	2.86%
	1.14%

	120KHz
	25.92MHz
	40MHz
	64.8%
	11.43%
	1.43%
	0.57%

	240KHz
	51.84MHz
	80MHz
	64.8%
	5.71%
	0.71%
	0.29%

	480KHz
	103.68MHz
	-
	-
	-
	-
	-


Observation 7: For TDM transmission of PSS,SSS and FDM with PBCH, both the 30 KHz subcarrier spacing with 40ms periodicity and 240KHz subcarrier spacing with 5ms periodicity achieve comparable time domain overhead with LTE. The minimum required bandwidth for SS is 20MHz and 80MHz, respectively. 
Comparing scheme 3 and scheme 4, it is preferred that PBCH is FDMed with PSS and SSS, due to the fact that analog beamforming can only be changed in time domain, therefore, multiplexing different channels in frequency domain will make better utilization of the analog beam and moreover, the time domain overhead transmission can be reduced.
Proposal 1: Different channels related to initial access should be FDMed as much as possible to make better utilization of analog beamforming.
If SS blocks are also FDMed, which assumes that each panel transmits one analog beam and the four panels transmitting simultaneously. In this way, total 72 RBs and 16 symbols will be used for transmitting 32 SS blocks. 
Table.9 Minimum required bandwidth and time domain overhead under Scheme 5 with FDMed SS blocks
	
	72 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	12.96 MHz
	20MHz
	64.8%
	22.86%
	2.86%
	1.14%

	30KHz
	25.92 MHz
	40MHz
	64.8%
	11.43%
	1.43%
	0.57%

	60KHz
	51.84 MHz
	80MHz
	64.8%
	5.72%
	0.72%
	0.29%

	120KHz
	103.68 MHz
	-
	-
	-
	-
	-

	240KHz
	207.36 MHz
	-
	-
	-
	-
	-

	480KHz
	414.72 MHz
	-
	-
	-
	-
	-


Observation 8: If SS blocks are further FDMed in scheme 4, the 60 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. 
· Scheme 5: PSS+SSS+PBCH FDM
In this scheme, the PSS, SSS and PBCH  are all transmitted in FDM manner. One PSS, one SSS and one PBCH are transmitted in one SS block as illustrated in figure 3. Therefore, one SS block occupies 1 symbol and 36 RBs. To transmit total 32 beams, total 32 symbols are needed.
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Figure. 3

In Table.8, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.10  Minimum required bandwidth and time domain overhead under Scheme 4

	
	36 RB
	Minimum Bandwidth requirement 
	Freqency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	6.48MHz
	20MHz
	32.4%
	45.71%
	5.71%
	2.28%

	30KHz
	12.96MHz
	20MHz
	64.5%
	22.86%
	2.86%
	1.14%

	60KHz
	25.92MHz
	40MHz
	64.8%
	11.43%
	1.43%
	0.57%

	120KHz
	51.84MHz
	80MHz
	64.8%
	5.71%
	0.71%
	0.29%

	240KHz
	103.68MHz
	-
	-
	-
	-
	-

	480KHz
	207.36MHz
	-
	-
	-
	-
	-


Observation 9: For FDM transmission of PSS, SSS and PBCH of 32 SS blocks, the 120 KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE. The minimum required bandwidth for SS is 80 MHz.

If SS blocks are also FDMed, which assumes that each panel transmits one analog beam and the four panels transmitting simultaneously. In this way, total 144 RBs and 8 symbols will be used for transmitting 32 SS blocks. 
Table.11  Minimum required bandwidth and time domain overhead under Scheme 3 with FDMed SS blocks
	
	144 RB
	Minimum Bandwidth requirement 
	Freqency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	25.92MHz
	40MHz
	64.8%
	11.43%
	1.43%
	0.57%

	30KHz
	51.84MHz
	80MHz
	64.8%
	5.71%
	0.71%
	0.29%

	60KHz
	103.68MHz
	-
	-
	-
	-
	-

	120KHz
	207.36MHz
	-
	-
	-
	-
	-

	240KHz
	414.72MHz
	-
	-
	-
	-
	-

	480KHz
	829.44MHz
	-
	-
	-
	-
	-


Observation 10: If SS blocks are further FDMed in scheme 5, the 30 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. 
· Scheme 6: PSS+SSS FDM PBCH TDM
In this scheme, the PSS, SSS are transmitted in FDM manner. PBCH is transmitted in TDM manner with PSS and SSS. One PSS, one SSS and one PBCH are transmitted in one SS block. The illustration is presented in Figure.4, where the PBCH occupies 12RBs and 2 symbols so as to align with PSS and SSS.  Therefore, one SS block occupies 3 symbols and 12 RBs. To transmit total 32 beams, 96 symbols are needed.
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Figure.4

In Table.12, the minimum required bandwidth per numerology and corresponding time domain overhead under different periodicity assumption are provided.
Table.10 Minimum required bandwidth and time domain overhead under Scheme 6
	
	12 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	2.16MHz
	5MHz
	43.2%
	Not enough
	17.14%
	6.86%

	30KHz
	4.32MHz
	5MHz
	86.4%
	68.57%
	8.57%
	3.43%

	60KHz
	8.64MHz
	20MHz
	43.2%
	34.29%
	4.29%
	1.72%

	120KHz
	17.28MHz
	20MHz
	86.4%
	17.14%
	2.14%
	0.86%

	240KHz
	34.56MHz
	40MHz
	86.4%
	8.57%
	1.07%
	0.43%

	480KHz
	69.12MHz
	80MHz
	86.4%
	4.29%
	0.54%
	0.21%


Observation 11: For FDM transmission of PSS, SSS and TDM with PBCH of 32 SS blocks, the 60 KHz subcarrier spacing with 40ms periodicity and the 480KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE. The minimum required bandwidth for SS is 20MHz and 80 MHz, respectively.
If SS blocks are also FDMed, which assumes that each panel transmits one analog beam and the four panels transmitting simultaneously. In this way, total 48 RBs and 24 symbols will be used for transmitting 32 SS blocks. 
Table.13Minimum required bandwidth and time domain overhead under Scheme 6 with FDMed SS blocks
	
	48 RB
	Minimum Bandwidth requirement 
	Frequency domain utilization
	Time domain overhead

	
	
	
	
	5ms
	40ms
	100ms

	15KHz
	8.64MHz
	20MHz
	43.2%
	34.28%
	4.28%
	1.71%

	30KHz
	17.28MHz
	20MHz
	86.4%
	17.14%
	2.14%
	0.86%

	60KHz
	34.56 MHz
	40MHz
	86.4%
	8.57%
	1.07%
	0.43%

	120KHz
	69.12 MHz
	80MHz
	86.4%
	4.29%
	0.54%
	0.21%

	240KHz
	138.24 MHz
	-
	-
	-
	-
	-

	480KHz
	276.48MHz
	-
	-
	-
	-
	-


Observation 12: If SS blocks are further FDMed in scheme 6, the 120 KHz subcarrier spacing with 5ms periodicity and 15KHz with 40ms periodicity achieve comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz and 20MHz, respectively.
Considering the working assumption that for frequency bands above 6GHz and below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz. It is needed to compare the TDM-only transmission of SS blocks case and FDM SS blocks case under the same minimum required bandwidth and periodicity. From the results in all the above schemes, it can be observed that the time domain overhead of the two cases are the same, however, the subcarrier spacing for the FDM transmission of SS block case is smaller. This means that the symbol duration and thus CP duration when FDM of SS blocks is considered will be larger than the TDM case, thus being able to tolerate larger delay spread, which implies larger coverage. On the other hand, when SS blocks are FDMed, the signal strength will be reduced due to the reduced power for each SS block. Therefore, the tradeoff between these two factors (signal strength and delayspread) should be further studied and carefully designed considering the exact number of SS blocks that can be FDMed.
From another perspective, assuming the same subcarrier spacing for the two transmission cases, it can be observed that the TDM-only transmission of SS blocks requires smaller system bandwidth than the FDM case, e.g., for Scheme 4 with 120KHz subcarrier spacing the TDM-only SS block case occupies only 12.96MHz bandwidth, while the FDM SS block case occupies 51.84MHz bandwidth. If minimum system bandwidth is decided to be 40 or 80 MHz, the FDM case achieves higher frequency domain utilization than the TDM case. 
More importantly, the periodicity needed for transmission of the SS burst set may be larger in the TDM case, e.g. for the Scheme 4 with 120KHz subcarrier spacing, the SS burst set periodicity of 40ms achieves relative the same overhead as LTE, while for the FDM case, the 5ms periodicity is tolerable. Therefore, the synchronization delay of the FDM can be reduced maximumly to 1/8 of the TDM.
From the above observation and analysis, the following proposal is made: 
Proposal 2: FDM transmission of SS block should be further studied considering tradeoff between coverage, initial access delay, and frequency domain utilization.
3. Conclusion
In this contribution, the following observations proposals are proposed:
Observation 1: For TDM transmission of PSS and SSS of 32 SS blocks, the 60 KHz subcarrier spacing and 40ms periodicity achieves maximum frequency utilization and comparable time domain overhead with LTE. The minimum required bandwidth for SS is 5MHz, which is smaller than the working assumption.
Observation 2: If SS blocks are FDMed in scheme 1, the 120KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 40MHz.
Observation 3: For FDM transmission of PSS and SSS of 32 SS blocks, both the 30 KHz subcarrier spacing with 40ms periodicity and 240KHz subcarrier spacing with 5ms periodicity achieve maximum frequency utilization and comparable time domain overhead with LTE. The minimum required bandwidth for SS is 5MHz and 40MHz, respectively.
Observation 4: If SS blocks are further FDMed in scheme 2, the 60 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 40MHz. For 120KHz subcarrier spacing, the minimum required bandwidth is 80MHz with reduced time domain overhead.
Observation 5: 5ms periodicity is not acceptable for PSS,SSS and PBCH TDM transmission for subcarrier spacing smaller than 60KHz. The 480KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE (5.6%).

Observation 6: If SS blocks are further FDMed in scheme 3, the 240 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. For 120KHz subcarrier spacing, the minimum required bandwidth is 40MHz with increased time domain overhead.

Observation 7: For TDM transmission of PSS,SSS and FDM with PBCH, both the 30 KHz subcarrier spacing with 40ms periodicity and 240KHz subcarrier spacing with 5ms periodicity,  comparable time domain overhead with LTE. The minimum required bandwidth for SS is 20MHz and 80MHz, respectively. 

Observation 8: If SS blocks are further FDMed in scheme 4, the 60 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. 
Observation 9: For FDM transmission of PSS, SSS and PBCH of 32 SS blocks, the 120 KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE. The minimum required bandwidth for SS is 80 MHz.

Observation 10: If SS blocks are further FDMed in scheme 5, the 30 KHz subcarrier spacing and 5ms periodicity achieves comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz. 
Observation 11: For FDM transmission of PSS, SSS and TDM with PBCH of 32 SS blocks, the 60 KHz subcarrier spacing with 40ms periodicity and the 480KHz subcarrier spacing with 5ms periodicity achieves comparable time domain overhead with LTE. The minimum required bandwidth for SS is 20MHz and 80 MHz, respectively.

Observation 12: If SS blocks are further FDMed in scheme 6, the 120 KHz subcarrier spacing with 5ms periodicity and 15KHz with 40ms periodicity achieve comparable time domain overhead with LTE, which requires a minimum bandwidth of 80MHz and 20MHz, respectively.

Proposal 1: Different channels related to initial access should be FDMed as much as possible to make better utilization of analog beamforming.

Proposal 2: FDM transmission of SS block should be further studied considering tradeoff between coverage, initial access delay, and.frequency domain utilization.
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