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1
Introduction
· RAN1 is considering multiple numerologies in terms of scalable sub-carrier spacing, multiple lengths of CP, etc, for the same frequency range in order to support diverse NR use cases. 
In the RAN1#87 meeting, it was agreed that [1]

· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
In the RAN1 NR AH meeting Jan 2017, it is agreed that [2]

•
For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
In the RAN1#88 meeting, a working assumption is agreed [3]:

· UE assumes the same PBCH numerology as that of NR-SS

Also, an agreement is reached [3]:

· For the minimum system information delivery, 

· Part of minimum system information is transmitted in NR-PBCH

· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH

· FFS  how the configuration information for the remaining minimum system information is provided, e.g.:

· NR-PBCH provides the control channel search space 

· NR-PBCH provides the scheduling assignment

· Part of the control channel search space/scheduling assignment could be derived by the specification

· FFS numerology for NR-PDSCH for the remaining minimum system information

In the RAN1#88 meeting, further conclusions are reached [4]

· Down-select one of SCS options for the remaining minimum system information transmission

· Option 1: PBCH signals the SCS of the remaining minimum system information 

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information

· Note: RAN2 has decided to go with option 2

· Down-select one of SCS options for PRACH msg. 3 transmission 

· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3

· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 

· FFS the determination of the SCS for msg  1, 2, and 4
This contribution investigates the initial access procedure in NR, taking into account the configurations of different numerologies in the same cell and in the same frequency range.
2
Discussion

Given the RAN1 efforts on a unified framework of NR initial access covering different/mixed numerologies, RAN2 should also strive for common MAC procedures for initial access. Note that RAN1 is studying whether there would be common random access resource allocation, and RAN2 can work on proper procedure for the corresponding configuration.

Proposal 1: NR MAC should strive to support a unified framework with common procedures across multiple numerologies.

According to RAN1 progress, we notice that 
· NR synchronization signalling (PSS/SSS) is common with respect to different numerologies. A default subcarrier spacing value is defined for each frequency band.
· The numerology applied to PBCH is the same with that used for synchronization signalling.

· The numerology for PDSCH for the remaining minimum SI can be the same or different from that used for PBCH based on RAN1 agreement.

· Preamble numerology or/and format can be same or different in NR.
Take LTE as the baseline, the complete initial access procedure may comprise of synchronization, minimum SI acquisition, random access (preamble transmitting and subsequent RACH procedures between RAN node and the UE including SRB establishment) and DRB establishment. Therefore, it should be possible that the initial access procedures may involve numerology transitions between reception of synchronization signalling to the RRC connection establishment. In the following, we use the terminology reference numerology(s) (RefN) to denote the numerology(s) used in the PSS/SSS reception. After that, the UE may be switched to an active numerology(s) (ActN) corresponding to the specific service or slicing. 
The possible options describing the initial access procedures are depicted in Figure 1, where the Minimum SI 1 represents the part of Minimum SI transmitted on PBCH and the Minimum SI 2 is the remaining Minimum SI transmitted on PDSCH.
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Figure 1: Options for initial access procedure involving numerology transitions
· Option 1: RAN2 has agreed that Minimum SI is designed to provide essential information for initial access procedures [4]. Minimum SI can be transmitted via reference numerology in support of different numerologies and of the UE with the minimum capability. Complete initial access procedure can be completed on reference numerology. Therefore, option 1 is simple, and can be baseline for discussion for initial access procedure. However, option 1 doesn’t provide differentiation in achievable latency by different numerologies and UE capabilities. 
· Option 2: Considering the possibility of having different preamble numerologies/formats, minimum SI on reference numerology may indicate specific preamble configurations on per-numerology basis. This can be used to suit requirements of different services, e.g. URLLC and mMTC services, or particular network slices. The UE selects the corresponding preambles related to the UE capability and requested service type. Then the initial access procedure can be performed on the active numerology, rather than reference numerology. However, multiple PRACH configurations should be delivered via minimum SI of which content is supposed to be as compressed as possible for radio resource efficiency. 
· Option 3: System acquisition, including synchronization and minimum system information acquisition, and the first part of RACH (e.g., Msg1 - Msg3) is performed on the reference numerology. Once the UE indicates the service or network slice request through preamble or Msg3, the RAN can switch UE to the active numerology serving that service. 
· Option 4: Although it seems preferable to transmit the whole block of Minimum SI via reference numerology for the forward compatibility and ease of UE implementation, it could be still possible that the UE receives part of Minimum SI on PDSCH via active numerology indicated by the part of Minimum SI on the PBCH. However, option 4 adds complexity of synchronization and Minimum SI in support of different numerologies. Furthermore, high signalling overhead in PBCH is foreseen due to indication of numerology of remaining minimum SI.
Option 1 can serve as baseline for UE to monitor and access network through a reference numerology, while using active numerology for dedicated connection. Option 2 provides further enhancement for service specific random access. 
Options 3 and 4 involve the change of numerologies within either RACH procedure or system acquisition procedure (including synchronization and system information acquisition). This may impose more complexities in specification and implementation, as the timing in the involved procedural steps would need to be adjusted for different numerologies. Yet there is no obvious advantage over options 1 and 2, as the potential latency reduction benefit may be subdued due to the adjustment of UE operation timing and the prolonged process of beamforming due to the change of operating numerologies.  
Proposal 2: Operating numerology should not be changed within system acquisition (including synchronization and system information acquisition) and RACH procedures.
Proposal 3: Operating numerology change after system acquisition or after RACH procedure should be studied as options of supporting various services using different numerologies. 
Proposal 4: For radio resource efficiency and implementation simplicity, UE should support initial access on the RefN.

Proposal 5: UE performs the initial access on ActN upon acquiring corresponding PRACH configuration and permission from the NW.
3
Conclusions
In this paper, we analyse the impacts of multiple numerologies on initial access procedures, leading to the following proposals:

Proposal 1: NR MAC should strive to support a unified framework with common procedures across multiple numerologies.
Proposal 2: Operating numerology should not be changed within system acquisition (including synchronization and system information acquisition) and RACH procedures.
Proposal 3: Operating numerology change after system acquisition or after RACH procedure should be studied as options of supporting various services using different numerologies.
Proposal 4: For radio resource efficiency and implementation simplicity, UE should support initial access on the RefN.

Proposal 5: UE performs the initial access on ActN upon acquiring corresponding PRACH configuration and permission from the NW.
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