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1. Introduction
In RAN1 #88bis, the following agreements were made for subcarrier spacing for SS block.
	· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges


In this contribution, we provide our views on subcarrier spacing of synchronization signals.
2. Discussion
2.1. For mmW
For mmW, the candidates of synchronization signal subcarrier spacing (SS SCS) are 120kHz and 240kHz. Each of the SS SCS has advantages/disadvantages, hence such tradeoff should be taken into account when selecting one out of two values. For example, tolerance for frequency offset for 240kHz SS SCS is higher than that for 120kHz SS SCS. From available channel bandwidth perspective, at the last meeting {[50], 100, 200, 400MHz} were agreed as UE channel bandwidth for mmW. The SS block bandwidth of 240kHz SS SCS is, however, around 70MHz. Thus 50MHz channel bandwidth is NOT available for 240kHz SS SCS but available only for 120kHz SS SCS. Also, CP duration for 120kHz SS SCS is longer that for 240kHz SS SCS, thus 120kHz SS SCS could have wider coverage than 240kHz SCS. Furthermore, when it comes to analog beamforming for SS block, then data scheduling would be restricted in certain OFDM symbols in which the SS block is allocated. In Fig. 1, physical layer structure discussed in RAN1 is illustrated.
[image: image1.emf]1 slot(0.125msec)

Bandwidth

SS block bandwidth

(24RB x 120kHz 



35MHz

)

SS block

SS block bandwidth

(24RB x 240kHz 



70MHz

)

12 subcarrier

・・・ ・・・

・・・ ・・・


(a) SS SCS = 120kHz 






(b) SS SCS = 240kHz 

Fig. 1. Physical layer structure of SS blocks 
In Fig.1 (a) and (b), 4 and 8 SS blocks are indicated respectively, and different colors mean different transmission beamforming. When applying analog beamforming to transmission beamforming for SS blocks, it would be challenging to have multiple beamforming directions at a certain moment, hence the same beam direction would be applied to not only a SS block but also the whole of the OFDM symbols with the SS block. This means that data allocation for the OFDM symbols with SS block would not be likely to happen (of course it is up to RAN1 specification and gNB implementation), and such scheduling restriction would cause degradation of peak data rate/spectrum efficiency for the network and the UEs. Therefore, time duration of SS burst set should be as short as possible to reduce such restriction data resource allocations. Fig.2 shows one example of peak rate analysis for 120kHz and 240kHz SS SCS. In this figure, 650MHz and 600MHz are assumed as aggregated system bandwidth for 120kHz and 240kHz SS SCS respectively; data channel can be allocated only to the slots without SS blocks; the number of SS blocks is 64 for both 120kHz and 240kHz; modulation order is 64QAM and transmission rank is 2. From this analysis, 120kHz SS SCS has 4% (or 11%) performance degradation compared with 240kHz SS SCS even though aggregated channel bandwidth is larger (or equal). Therefore, 240kHz SS SCS would be reasonable choice to ensure higher peak data rate/spectrum efficiency.
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Fig.2 peak data rate comparison between 120kHz and 240kHz SS SCS

Above discussion are summarized as below table.
	Subcarrier spacing of SS block
	Pros
	Cons

	120kHz
	· 50MHz CBW can be used
· Wider coverage thanks to longer CP duration
	· Lower tolerance for frequency offset
· Lower peak data rate/spectrum efficiency due to longer time duration of SS burst set

	240kHz
	· Higher tolerance for frequency offset

· Higher peak data rate/spectrum efficiency due to shorter time duration of SS burst set
	· 50MHz CBW cannot be used

· smaller coverage due to shorter CP duration


We consider that one of the most important criteria for operators would be peak data rate and spectrum efficiency. In that sense, 240kHz seems reasonable choice as SS SCS, even though 50MHz CBW becomes useless. However, other aspect specifically coverage issue should be investigated in RAN4.
Observation 1: For mmW, 240kHz SS SCS seems reasonable choice as default value to obtain better peak data rate and spectrum efficiency.

Proposal 1. Default value of SS SCS for mmW should be chosen considering the tradeoff of peak data rate/spectrum efficiency, coverage, tolerance for frequency offset, etc.
2.2. For below 6GHz
For the below 6GHz, the candidates of subcarrier spacing are 15kHz and 30kHz. Similar to mmW, the advantages/disadvantages can be summarized as follows:

	Subcarrier spacing of SS block
	Pros
	Cons

	15kHz
	· 5MHz CBW can be used

· Wider coverage thanks to longer CP duration
	· Lower tolerance for frequency offset

	30kHz
	· Higher tolerance for frequency offset
	· 5MHz CBW cannot be used

· Narrower coverage due to shorter CP duration


Note that in the band below 6GHz, digital BF can be applied since the number of Tx antenna ports would be generally larger. In that case, the data scheduling restriction discussed in the section 2.1 would not be likely (or has less impact on the peak data rate compared to mmW). Generally speaking, lower frequency bands would be used to keep the connectivity to the network, i.e. ensure the coverage. Considering system migration of LTE to NR, NR should have the same coverage as LTE. In that sense, at least for the NR bands below 2GHz, subcarrier spacing of SS block and also data channel should be the same as LTE, i.e. 15kHz. For the bands between 2GHz to 6GHz, further investigation is needed considering usage scenario, coverage, tolerance for frequency offset, etc.
Proposal 2. At least for the bands below 2GHz, SCS for data and SS block should be 15kHz as a default to ensure the same coverage as LTE.
3. Conclusion

In this contribution, we summarize the agreements and discuss some remaining topics.
Observation 1: For mmW, 240kHz SS SCS seems reasonable choice as default value to obtain better peak data rate and spectrum efficiency.

Proposal 1. Default value of SS SCS for mmW should be chosen considering the tradeoff of peak data rate/spectrum efficiency, coverage, tolerance for frequency offset, etc.
Proposal 2. At least for the bands below 2GHz, SCS for data and SS block should be 15kHz as a default to ensure the same coverage as LTE.
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