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1 Introduction
At the previous meeting (RAN1 #86bis), it is agreed that [1]. 
Agreements:
· At least one subcarrier spacing for each synchronization signal (e.g. NR PSS,SSS, PBCH) is predefined in the specification for a given frequency range
· FFS: Subcarrier spacings for NR PSS, SSS and PBCH can be same or different.
· Note that there are more than one frequency ranges

· FFS: for the case when the frequency ranges are overlapped.
· FFS: whether or not to define a single numerology or multiple numerology for frequency range
· RAN1 should study the number of subcarrier spacings in a given frequency range and strive for minimizing the number of subcarrier spacings
Agreements:
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range

· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
In this paper, after receiving SS and PBCH, numerology determination for receiving system information and initial random access is discussed. 
2 Numerology determination for receiving system information
There are two alternatives for a UE to determine the numerologies of control channel for one given SIBx and SIBx itself for receiving system information. 
· Alt 1 (Predefined): The same numerology as that for SS/PBCH.
· Alt 2 (Indicated by PBCH): Indicated by PBCH.
The two alternatives are analyzed in the following and Table 1.
Alt 1 is a simple design, e.g., the detection of system information can depend on SS/PBCH, such as SCS and resource position detections without additional indication. Since whether one numerology or multiple numerologies for SS/PBCH has not been defined and Ctrl-SIBx and SIBx use the same numerology as that for SS/PBCH, the two different numerology number options for Ctrl-SIBx and SIBx are discussed here. If one numerology is predefined for SS/PBCH/Ctrl-SIBx/SIB, UE may need to support FFT processing unit switching during initial access and data transmission with different numerologies. If multiple numerologies are defined for SS/PBCH/Ctrl-SIBx/SIB with flexibility for devise service, UE can receive system information with only one numerology on demand, but the resource allocated for system information will increase from gNB perspective, i.e., one set SIBx for one numerology.
Alt 2 may have full flexibility for diverse services and deployment scenarios with explicit signaling. The current agreements NR numerology will support two to the power scaling of subcarrier spacing from [3.75]kHz  to 480kHz. To support this range of possible options of subcarrier spacing, at least 3 bits are needed in PBCH for one UE type. The more UE types are supported, the more signaling overhead is in PBCH. For example, 9 bits are needed to indicate the numerologies of eMBB, URLLC and mMTC. It is noted that only 24 bits in MIB in LTE, and 9 bits signaling overhead is too high for PBCH. Furthermore, this alternative may introduce inaccurate detection possibility to increase initial access latency.
Based on the analysis, the numerologies of control channel for SIBx and SIBx itself are preferred to be predefined the same as that for SS/PBCH. Furthermore, after initial access, the numerology of SIBx also can be reconfigured by gNB in SIBx for receiving updated system information.
Table 1 Comparison of different numerology determination approach for Ctrl-SIBx/SIBx during initial access
	Options
	Pros
	Cons
	Conclusion

	Alt 1: Predefined the same as that for SS/PBCH.
	Simple without signaling overhead in PBCH.
	Limited flexibility.
	Preferred

	Alt 2: Indicated by PBCH
	Flexible for diverse services and deployment scenarios.
	Introduce high signaling overhead in PBCH.
	


Proposal 1: The numerologies of control channel for SIBx and SIBx itself during initial access are predefined the same as that for SS/PBCH.
3 Numerology determination for random access channels
RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective [3]. UE can determine the numerology during random access procedure as described in the following:

· RACH Preamble: Similar as analyzed in section 2, the numerology of preamble can be predefined for a given frequency range which may be different from that for SS/PBCH, e.g., 1.25kHz for 2GHz which is the same as LTE. Different from system information, the numerology of RACH preamble can also be indicated by SIBx with affordable signalling overhead, e.g., 9 bits in SIBx to indicate the numerologies of eMBB, URLLC and mMTC. Besides the analysis in section 2, additional analysis for RACH preamble numerology determination is in the following based on the supported numerology number by RACH preamble for one DL/UL configuration, which means different DL/UL configurations may lead to different RACH preamble numerologies. For example, 1.25kHz and 7.5kHz can be used for RACH preamble in LTE based on the special subframe configurations.
·  Case 1: One numerology is supported by RACH preamble. 

It is a simple design without new design introduction when new UE type is defined, such as numerology, sequence design, access resource and so on. A shared UL access resource can be defined to fully use access resource. However, similar analysis in section 2, it may increase UE complexity with different FFT processing units for initial access and data transmission.
· Case 2: Multiple numerologies are supported by preamble.
Different UL access resources and SCS are defined with flexibility for diverse services and/or diverse deployment scenarios. However, when the accessing loads are unbalanced for different numerologies, the access resource cannot be fully used without sharing. Furthermore, when new numerology is supported, new UL access resource will be designed which may affect legacy access resource or limited access resource can be used for the new numerology.
· Ctrl-RAR/RAR: Similar as analyzed in section 2, the numerology of Ctrl-RAR/RAR can be predefined the same as that for SS/PBCH. Different from system information, the numerology of Ctrl-RAR/RAR can also be indicated by SIBx with affordable signalling overhead, e.g., 9 bits in SIBx to indicate the numerologies of eMBB, URLLC and mMTC. 
· Msg. 3 / Msg. 4: Similar as analyzed for Ctrl-RAR/RAR, the numerology of Msg.3/Msg.4 can be predefined the same as that for SS/PBCH or indicated by SIBx. However, different from Ctrl-RAR/RAR, the transmitter knows the supported service or the channel condition before transmission. To improve the initial access success rate considering diverse services and deployment scenarios, it is preferred to use flexible numerology considering flexibility by predefinition for a frequency range or indicating by SIBx.
· Msg.3: gNB can indicate the numerology for Msg.3 considering diverse services with affordable signalling overhead, e.g., 9 bits in SIBx to indicate the numerologies of eMBB, URLLC and mMTC. And, UE can transmit Msg.3 with UE capability depended numerology and report its UE capability to gNB. 
· Msg.4: With the reporting from UE in Msg.3 and the channel estimation based on RACH preamble, gNB can transmits Msg.4 to the UE considering diverse services and deployment scenarios.
Proposal 2: The numerology for preamble during initial access is predefined for a given frequency range or indicated by SIBx.
Proposal 3: The numerology for Ctrl-RAR/RAR during initial access is predefined the same as that for SS/PBCH or indicated by SIBx.
Proposal 4: The numerology for Msg. 3 / Msg. 4 during initial access is flexible considering service or deployment scenario diversity.
4 Conclusion
Proposal 1: The numerologies of control channel for SIBx and SIBx itself during initial access are predefined the same as that for SS/PBCH.
Proposal 2: The numerology for preamble during initial access is predefined for a given frequency range or indicated by SIBx.
Proposal 3: The numerology for Ctrl-RAR/RAR during initial access is predefined the same as that for SS/PBCH or indicated by SIBx.

Proposal 4: The numerology for Msg. 3 / Msg. 4 during initial access is flexible considering service or deployment scenario diversity.
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