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1 Introduction

According to the previous discussion, in NR, a variety of subcarrier spacing (3.75 kHz ~ 480 kHz) can be configured. At different frequencies, different subcarrier spacing is used, i.e. larger subcarrier spacing is applied to a higher operating frequency. The configurable subcarrier spacing is a subset of the total available subcarrier spacing (3.75 kHz ~ 480 kHz) for the corresponding operating frequency. Such as 15 kHz and 30 kHz for 4G operating frequency, 120 kHz and 240 kHz for 30G operating frequency and detailed configuration is FFS.
For initial access procedure, it was agreed at RAN1 #86bis to study synchronization signal design concerning multiple numerologies and the relationship between PBCH and PSS/SSS [1]:
· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· 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
In this contribution, we will discuss the subcarrier spacing configuration mechanism during initial access and the relationship of subcarrier spacing configurations between different steps during initial access.
2 Discussion
2.1 Numerology configuration for NR-PBCH
As described above, NR-PSS/SSS is predefined for a given frequency range .Upon completion of detection of the NR-PSS / SSS and synchronization to the cell, UE needs to detect the NR-PBCH to obtain essential system messages for the NR cell. In RAN1 86bis, it is agreed that NR-PSS / SSS is used for initial symbol boundary synchronization to the NR cell and detection of NR cell ID or at least part of NR cell ID, NR-PBCH decoding is based on the fixed relationship with NR-PSS and / or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. Since in the initial access procedure before PBCH demodulation, UE only has the indication message from the NR-PSS / SSS, if NR-PBCH has different subcarrier spacing with NR-PSS / SSS, it is necessary to place additional indication information in the NR-PSS / SSS, but then how to use the NR-PSS / SSS to indicate the subcarrier spacing of the NR-PBCH will be a new problem; if there is no indication in NR-PSS/SSS, the PBCH decoding also requires an additional blind detection process. Since the interval between NR-PSS/SSS and NR-PBCH is at most tens of milliseconds, the predefined subcarrier spacing can guarantee the performance detection of NR-PSS / SSS and the demodulation performance of PBCH at the corresponding frequency. So the subcarrier spacing of the PBCH should not be changed as its configuration in NR-PSS / SSS.
Proposal1: Numerology configuration for NR-PBCH should be the same as NR-PSS / SSS.
2.2 Numerology in remaining system information and paging message 
After completion of detection of the NR-PSS / SSS and NR-PBCH, UE camps on the NR cell and will be in the RRC IDEL state. It is necessary for the UE to receive the rest of the system messages (i.e. SIBs) and to detect possible paging messages when UE in RRC IDEL state. Considering the PBCH is broadcast, the different mobility cases for each UE (e.g. mobile states and positions), and not to add overhead in PBCH, the subcarrier spacing used in PBCH should be also applicable for these two kinds of messages scheduling PDCCHs. 
As both types of messages are broadcast in a cell, the indication can be only used to change the subcarrier spacing of all UEs in the cell by corresponding common search space scheduling PDCCHs. However, because the different mobile states and positions of the UEs in the cell, and some remaining UEs in the RRC connection state may also need to receive the signals that are scrambled by the SI-RNTI and the P-RNTI, it is not suitable to add subcarrier spacing indication information in SIBs and paging messages scheduling PDCCHs for the reasons that the indication must be used for all UEs in the cell. Therefore a better solution for the initial access UE is to maintain the same predefined numerology in SIBs and the paging messages as PBCH and their scheduling PDCCHs.

Proposal2: Predefined numerology should be used in SIBs and paging messages, and also in their scheduling PDCCHs.  
2.3 Numerology configuration on UE’s follow-up procedure 
If some of the high layer processes are initiated, the UE needs to perform random access to the cells and then transform to RRC CONNECTION state. Before the first random access, the UE may only have system broadcast information of the current cell. Based on the above analysis, it is not suitable to configure the subcarrier spacing uniformly in the system broadcast messages because the moving speed and position of each UE in the cell may be relatively different. Therefore in the first UE random access procedure, the preferred scheme is that Msg1 and Msg2 remain the same predefined spacing size as in NR-PSS / SSS and NR-PBCH. If RACH still has Msg3 and Msg4, then, because Msg4 is the first UE Specific scheduling message, it may adjust to change the UE subcarrier spacing according to the measurement results sent by Msg1 and Msg3 (if NR RACH does not has Msg4, the change indication may be in Msg2 instead). However, UE capability is another factor that needs to be considered, and eNB can only change the subcarrier spacing by Msg4 after obtaining UE’s capability in Msg1 or Msg3.
Based on the above discussion, NW should firstly obtain the UE’s capability and consider the actual situation of the UE, and then it can change UE’s numerology. Therefore, when the UE enters the RRC connection state, the NW can determine the UE’s DL, UL, and SL numerology (e.g. subcarrier spacing) for the current frequency according to the status of the UE moving speed, position, channel state, and so on. NW may perform configurations and change in UE numerology by using L1/L2/L3 dedicated signalling.
Proposal 3: NW should perform the configurations and change in UE numerology by using L1/L2/L3 dedicated signalling according to the actual situation of UE after obtaining the UE’s capability.
3  Conclusions
Proposal1: Numerology configuration for NR-PBCH should be the same as NR-PSS / SSS.

Proposal2: Predefined numerology should be used in SIBs and paging messages, and also in their scheduling PDCCHs.  

Proposal 3: NW should perform the configurations and change in UE numerology by using L1/L2/L3 dedicated signalling according to the actual situation of UE after obtaining the UE’s capability.
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