3GPP TSG RAN WG4 Meeting #91	R4-1906727
Reno, US, May 13-17, 2019

Agenda Item:	10.4.4
Source:	Huawei, HiSilicon
Title:	Analysis of system parameters for the study of 7-24 GHz
Document for:	Approval


Introduction
In RAN4#90Bis, WF [1] for continuing discussions on general aspects was agreed. Among the considerations is the impact of system parameters. The contribution provides some detailed analysis of the relationship of the system parameters to operations in 7-24 GHz. Some of these observations on the system parameters should be considered for the TR.
Discussion
The relationship between the system parameters and frequency bands should be examined when operations in 7-24 GHz is considered. The primary system parameter is the subcarrier spacing. Its impact is examined in the following sections.
Cyclic prefix
The duration of the cyclic prefix (CP) is related to multipath conditions encountered. Table 1 lists the CP duration as a function of SCS and maximum distance a multipath ray can travel and arrive within the CP assuming d=c where  is the CP duration and c is the speed of light. 
[bookmark: _Ref7080646]Table 1. SCS and CP
	SCS, kHz
	CP duration
	Max. distance for multipath ray

	15
	4.69 µs
	1400 m

	30
	2.34 µs
	700 m

	60
	1.17 µs
	350 m

	120
	0.59 µs
	175 m



If 120 kHz SCS were supported at 7 GHz, multipath can degrade performance if a strong ray arrives outside the 0.59 µs CP. Likewise, if 15 kHz SCS were supported at 24 GHz, a multipath ray is reduced by 10 dB compared to 7 GHz. It can be possible the CP would be too excessive.
Observation 1. The choice of available SCS is a function of the channel models in the frequency band of interest.
[bookmark: _GoBack]Time / Frequency correlation
The effects of frequency and time correlation affect the reference signal configuration. At 24 GHz, the time correlation across the slot may be reduced, thereby requiring more reference signals and reducing capacity due to additional overhead. This will be an issue with 15 kHz SCS and its 1 ms slot. Similarly, the frequency correlation at 7 GHz may require a higher reference signal density for 120 kHz SCS. Every other RE with reference signals means the channel should be “constant” over 240 kHz.
Observation 2. Equalizer performance (e.g., reference signal density) should be considered as well as the overhead of reference signals.
Bandwidths
Based on the current 38.104 specifications, the following table indicates the defined channel bandwidths and guard bandwidths. The type of available spectrum impacts the numerology choice.
Table 2. Defined bandwidths. Green rows are for FR1 while yellow rows are for FR2
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Some points (using examples)
· If a band were designated with a minimum channel bandwidth of 60 MHz and FR1 type, then 15 kHz SCS would not be allowed. This also effects initial access. 
· If a band were designated as FR1 and the largest bandwidth is 200 MHz:
· If 60 kHz SCS is not used, then a BS would need CA because 30 kHz SCS spans 100 MHz.
· 60 kHz SCS devices could be required
· Unclear whether new bandwidths between 100 and 200 MHz would be required.
· If a band were designated as FR2 and the available bandwidth is less than 50 MHz, then additional bandwidths may be required. This also may impact initial access.
· Initial access requirements for CORESET#0 may need examination.
· Initial access (SSB) and measurements
Observation 3. The types of bandwidths available is related to the SCS
Conclusion
This contribution examined several aspects of system level parameters in the 7-24 GHz range.
Observation 1. The choice of available SCS is a function of the channel models in the frequency band of interest.
Observation 2. Equalizer performance (e.g., reference signal density) should be considered as well as the overhead of reference signals.
Observation 3. The types of bandwidths available is related to the SCS
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