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1
Introduction
RAN1 is considering multiple numerologies in terms of scalable sub-carrier spacing, multiple lengths of CP, etc, can apply to the same frequency range in order to support diverse NR use cases. In RAN1#86 meeting, it was agreed that [1] 
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· RAN1 should strive for a unified framework of NR initial access covering different/mixed numerologies
With the introduction of multiple numerologies supported the UE, RRC may need to be revisited accordingly. This contribution addresses how multiple numerologies would affects RRC in case of standalone NR system.
2
Discussion

2.1
RRC functions and procedures
Multiple numerologies supported by the UE may have impact on RRC functions. Taking LTE RRC protocol as an example and baseline, RRC protocol normally includes the following main functions and related procedures:

· Broadcast of system information
· RRC connection control
· Inter-RAT mobility
· Measurement configuration and reporting
· Other functions including e.g. transfer of dedicated NAS information and non-3GPP dedicated information, transfer of UE radio access capability information, support for E-UTRAN sharing (multiple PLMN identifiers);
With the introduction of multiple numerologies, it is possible that different numerologies require different handling of RRC functions. Specifically, some or all numerologies may share common essential RRC functions such as broadcast of system information and NAS signalling transfer. In addition, some RRC functions may be only relevant to some specific numerology. One example is that radio bearer control and RRM measurement are only provided on numerology which is intended for eMBB service and may not be needed on numerology for some mMTC services. Some per-UE/per-cell configurations may also need to consider different performance requirement of different numerologies. For instance, timers and constants for radio link failure (RLF) may take the service types transmitted over the numerology into account, e.g. URLLC. Nevertheless, the different handling of RRC can be performed by different configurations on different numerologies, which is similar to the configurations by RRC on per-RB basis in LTE system.
Accordingly, some RRC procedures should be revisited considering UEs supporting single or multiple numerologies. Given the RAN1 efforts on a unified framework of NR initial access covering different/mixed numerologies, it is straightforward for RAN2 to strive for common RRC procedures for initial access and connection control through different numerologies as a baseline.

Proposal 1: RAN2 should strive for common RRC procedures for initial access and connection control through different numerologies.
Multiple numerologies support adds a new dimension of design of RRC procedures. For example, the network should provide information regarding the configurations of the supported numerologies of the gNB to the UE, such as the PRACH configuration, the PUSCH configuration, etc. for each supported numerology. Such information can be semi-statically indicated to the UE and can be
1) contained within broadcasted system information, or

2) contained within on-demand system information, or 
3) sent via dedicated RRC signalling to the UE. 
There is a trade-off between system overhead and performance efficiency when designing the mechanism of acquiring numerology related information. Delivery of the configuration of the supported numerologies of the gNB via broadcasted system information incurs high broadcast overhead. On the other hand, on-demand system information or dedicated RRC signalling are solutions which could reduce the broadcast overhead at compromised efficiency and latency. Detailed on-demand SI mechanism is still discussed in RAN2. We could reuse the on-demand SI mechanism for numerology related PRACH information acquiring once it becomes mature. In this way, broadcast overhead can be reduced and multiple UEs can receive the PRACH information simultaneously and have chance to select the PRACH resource according to the service requirements, even for the initial access procedure. On the other hand, dedicated RRC signalling could provide UE specific numerology related configurations and further improve the flexibility of the network resource allocation. In RAN1, one or multiple bandwidth parts can be sent to the UE via UE-specific RRC signalling. Therefore, UE-specific numerology configuration can also be signalled to the UE along with its configured bandwidth part. 
Proposal 2:  It is preferable to send the numerology related configurations via on-demand SI and UE-specific dedicated RRC signalling.
To enable the network configuring the UE appropriately to avoid the configuration exceeds the UE capability, it may be necessary for UE capability information to convey at least the information on its supported numerologies and maximum number of simultaneously configured numerologies. After acquiring the UE capabilities of multiple numerologies, the RAN may store the UE capabilities specific to numerologies support. In addition to assistance to configuration, such UE capabilities information can also help to make handover decision. The serving gNB would prefer to handover the UE to other gNBs which support the same set of numerologies with the UE.   
Proposal 3: UE capability on its supported numerologies and maximum number of simultaneously configured numerologies needs to be conveyed in the RRC message of UE capability information.
Another important function of the RRC protocol is the RRM measurement. Due to support of multiple numerologies in the network and the UE, there will be two possible methods of RRM measurement:

· Common RRM measurement: It is beneficial to reduce the complexity of RRM measurement and mobility handling if measurement only concerns the common or shared sub-band of multiple numerologies. 

· Numerology specific RRM measurement: However, wideband transmission such CRS in every PRB in legacy LTE introduces unnecessary overhead to in-band deployed system such as NB-IoT. In NR system, to ensure forward compatibility, it is beneficial to design different RS pattern for RRM measurement in RAN1. From RAN2 perspective, regarding cases of numerology-based measurement, the UEs are required to conduct the RRM measurement of specific numerologies accordingly for the purpose of more accurate measurement. 

Proposal 4: Different RRM measurement may be supported in consideration of multiple numerologies.
3
Conclusions
In this paper, we analyse the impacts of multiple numerologies on RRC functionality in standalone NR system. Overall, multiple numerologies can be supported by RRC without much difficulty. The detailed observations and proposals are:
Proposal 1: RAN2 should strive for common RRC procedures for initial access and connection control through different numerologies.

Proposal 2: It is preferable to send the numerology related configurations via on-demand SI and UE-specific dedicated RRC signalling.
Proposal 3: UE capability on its supported numerologies and maximum number of simultaneously configured numerologies needs to be conveyed in the RRC message of UE capability.
Proposal 4: Different RRM measurement may need to consider multiple numerologies depending on RAN1 progress.
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