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1 Introduction

At the 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.
At the meeting (RAN1 #87), it is agreed that [2]. 
Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band

· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not

· FFS: CP length

Agreements:
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz
· X will be down selected from 5, 10, and 20MHz

· At least, one reference numerology for RACH preamble is defined, 

· 1.25 x n kHz

· 15 x n kHz

· Integer value of n is FFS

· Other values are not precluded

· Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency
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
During receiving system information, there are two alternatives for a UE to determine the numerologies of control channel for one given SIBx (Ctrl-SIBx) and SIBx itself. 

· Alt 1 (Predefined): The same numerology as that for SS/PBCH.
Alt 1 is a simple design, e.g., the detection of system information can depend on SS/PBCH, such as subcarrier spacing and resource position detections without additional indication.
· Alt 2 (Signaling): Indicated by gNB.
Alt 2 has flexibility for diverse services and deployment scenarios with explicit signaling. And, same numerology can be used for receiving system information and UE specific information with one FFT processing unit for simple implementation. The current agreements on NR numerology support two to the power scaling of subcarrier spacing from 3.75kHz to 480kHz (8 options, 3 bits). The signaling may also related to resource allocation of each numerology. 
Based on the above analysis, to avoid introduce high signaling overhead in PBCH, it is preferred to use the same numerology for Ctrl-SIB1/SIB1 and SS/PBCH. Considering affordable signaling overhead and simple FFT processing, when one numerology is defined for SS/PBCH from gNB perspective, one possible solution is the other Ctrl-SIBx/SIBx (x>1) is indicated by SIB1 as shown in Figure 1. 
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Figure 1 Numerology for system information 
Proposal 1: The numerology of Ctrl-SIB1/ SIB1 during initial access is predefined the same as that for SS/PBCH.

Proposal 2: The numerology of Ctrl- SIBx/SIBx (x>1) is indicated by SIB1 when one numerology is defined for SS/PBCH from gNB perspective.
3 Numerology determination for initial random access
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: 
· Reference numerology: Based on the agreement at RAN1#87 [2], at least one reference numerology for RACH preamble is defined, and 1.25kHz x n and 15kHz x n can be candidates. Multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency and DL/UL configuration, e.g., 1.25kHz and 7.5kHz can be used for RACH preamble in LTE based on the special subframe configurations. We prefer 1.25kHz as reference numerology for RACH preamble based on the following advantages compared with 15kHz:
· Larger coverage: Longer CP/symbol duration with 1.25kHz can cover larger area than 15kHz.
· More access opportunities with given preamble bandwidth: Given the preamble bandwidth, 1.25kHz can support narrower subcarrier spacing, longer sequence length and more preamble sequences corresponding to one access opportunity. 
· Numerology of different resource portion within one carrier.
When different numerologies are multiplexed within one carrier as shown in Figure 1, there are two alternatives for the numerology design of RACH preamble.
· Alt 1: One numerology is supported by RACH preamble within the carrier. 

It is simple without new design introduction when new UE type is defined, such as numerology, sequence design, access resource and so on. And there is only one subcarrier spacing should be supported by gNB for receiving RACH preamble during initial access with simple implementation. Furthermore, a shared UL access resource can be defined to fully use access resource. 
· Alt 2: Different numerologies are supported by RACH preamble in different resource portions within the carrier.

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 reduce legacy access resource or provide limited access resource for the new numerology.
Based on the above analysis, one numerology is preferred for RACH preamble within one carrier due to simple implementation and fully resource utilization rate.
· Msg.2: 
When one numerology within one carrier is preferred for RACH preamble based on the above analysis, for simple implementation, Msg.2 can be transmitted in one numerology in figure 2 (b). Another solution is gNB have multiple Msg.2 resources with different numerologies, the UE receive Msg.2 with a associated numerology figure 2 (a).
· Msg. 3/Msg.4: 
For Msg.3/Msg.4, for a given UE with a certain service, it is straight forward to transmit Msg.3/Msg.4 in one resource in figure 2 with the corresponding numerology considering its service and/or deployment scenario.
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(a) One numerology for Msg.1 and multiple numerologies for Msg.2/3/4
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(b) One numerology for Msg.1/2 and multiple numerology for Msg.3/4
Figure 2 Numerology during initial random access

Proposal 3: The reference numerology for preamble during initial access is preferred to be 1.25kHz x n for a given frequency range.
Proposal 4: One numerology for preamble during initial access is preferred for a given frequency range. The numerology design for Msg.2-4 during initial access should be studied further.
4 Conclusion
Proposal 1: The numerology of Ctrl-SIB1/ SIB1 during initial access is predefined the same as that for SS/PBCH.

Proposal 2: The numerology of Ctrl- SIBx and SIBx (x>1) is indicated by SIB1 when one numerology is defined for SS/PBCH from gNB perspective.
Proposal 3: The reference numerology for preamble during initial access is preferred to be 1.25kHz x n for a given frequency range.
Proposal 4: One numerology for preamble during initial access is preferred for a given frequency range. The numerology design for Msg.2-4 during initial access should be studied further.
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