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1. Introduction

The mobility management framework is the key issue of next generation system and solutions to be studied are identified in [1]. 
5.3
Key Issue 3: Mobility management framework
5.3.1
Description 

…

Solutions for this key issue will at least study:
…

-  Mobility management signaling for:

- UE/User registration to the network;


- Support of reachability to enable mobile terminated communication;


- Detection of UEs no longer reachable;


- Assignment of CP and UP network functions (as needed); and


- Mobility Restrictions, e.g. forbidding mobility at certain locations.

…

· Methods to limit the amount of mobility management signalling between NexGen core and the access, within the NexGen core as well as between the NexGen core and the UE;
In this contribution, we focus on intra-NR mobility in non-connected mode and give viewpoints on ways to minimize the amount of mobility management signaling based on the possible NR RAN architecture as well as usage scenarios. 
2. Discussion
The NR RAN architecture is briefly touched in RAN2#94 meeting. It is expected to be different with that of LTE at least owing to introducing CU/DU split and a RAN2 agreement “1 NR eNB corresponds to 1 or many TRPs”[2]. The mobility management signalling for UE in non-connected mode, e.g. paging, under this RAN architecture is illustrated with several observations. In addition, several proposals related to reducing the amount of the paging signalling are introduced.
2.1 NR RAN architecture
According to the mentioned agreement [2] and contributions [3][4], the NR RAN architecture could be shown as figure 1. One CU could connect/manage one or multiple DUs. CU and DU could be collocated, or non-collocated with ideal or non-ideal fronthaul. One DU is mapped to one TRP which can support multiple beams. Regarding to NR cell, it could be one or multiple DUs connected to same CU, e.g. cell1 is {CU1, DU1/2/3/4} and cell3 is {CU2, DU9/10/11}. An NR cell is anchored by one CU while a CU may host multiple NR cells.
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Figure 1: NR RAN architecture
The architecture provides UE with TRP-based, i.e. DU-level, Tx/Rx in connected mode. In other words, a UE may perform Tx/Rx with one or multiple DUs at a time, and we do not preclude these DUs connected to different CUs, say DC-like operation. Consequently, the granularity of reachability for a UE is down to DU-level instead of cell-level.
Observation 1: The granularity of reachability for a UE is DU-level in NR RAN. 
2.2 LTE paging
According to above NR RAN architecture, the legacy paging mechanism based on tracking area obviously encounters paging capacity problem especially for MTC devices owing to paging messages are relayed by all DUs connected to cells included in the tracking area, as shown in Figure 2b. Notably, a paging message consumes resource for both fronthaul and radio links. Compared with legacy LTE as Figure 2a, the massive MTC devices will introduce significant load on paging signalling given the connection density requirement is 106 device/km2 from [5] for NR system. The legacy paging mechanism based on tracking area is not expected to be applied to at least mMTC devices.
Observation 2: It is inefficient to apply tracking area based paging at least for mMTC devices in NR system.
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Figure 2: Paging messages for a MTC device
Paging optimisation[6] could narrow down the paging area to subset of tracking area, where the paging area is provided by serving eNB. In addition, light connection SI is working on RAN-based paging[7][8] which intends to reduce paging signalling between RAN and CN. To avoid duplicate efforts, it is expected that RAN2 considers both paging optimisation and RAN-based paging as starting point to design paging mechanism and determine paging area for NR system.
Proposal 1: RAN2 is suggested to take paging optimisation and RAN-based paging as a starting point to design paging mechanism and determine paging area for NR system.
2.3 NR RAT paging
Different consideration compared to legacy LTE paging

The NR system is expected to support eMBB, mMTC, and URLLC usage scenarios and applications. For URLLC scenario, the paging signalling should be delivered over the tracking area level to prevent paging miss and ensure reliability, e.g. an ambulance to receive an emergency call. For mMTC scenario, a longer paging delay may not impact the performance of the application, e.g. a command from application server to read monthly-record of a smart-meter. 
In another aspect, SA2#116 approved solution[9] provides definition to UE mobility levels, say no mobility, limited mobility, and unlimited mobility. A mMTC device may be with no mobility, e.g. a smart-meter installed at balcony. It is always reached via a single DU no matter in connected or non-connected mode. Another mMTC device may be with limited mobility, e.g. a smart-band worn by a user who is in the office during day-time. Then, it is probably reached via a few (and fixed) DUs during the day-time. Moreover, a URLLC device may be with unlimited mobility, e.g. an ambulance at anywhere and anytime. It is only guaranteed to be reached in tracking area.
In a sense, paging area to a UE could be different considering its usage scenarios and/or mobility level. We believe that more aspects could be taken into consideration, e.g. subscription information, date/time, deployment scenarios, … etc. The paging area for a UE could be as small as one DU or as large as its tracking area. Moreover, the paging area could be UE specific instead of a common one, i.e. UEs in the same cell may have different paging areas. So far, there is no discussion on defining paging area in DU-level in NR RAN. This is related to how to report location area and what is the content of the report. This report shall be sent to CU (serving eNB) as RRC signalling. Therefore, we suggest RAN2 to design a mechanism to manage location area of a UE in DU-level in NR RAN.
Observation 3: It is beneficial for different UEs with different usage scenarios and/or mobility levels to have different paging areas.
Proposal 2: RAN2 is suggested to design a mechanism to manage location area of a UE in DU-level in NR RAN.
3. Conclusion

This contribution provides considerations on paging mechanism as well as paging area determination for NR system, and gives recommendations on mobility management signalling design in non-connected mode. Observation and proposals are as below:
Observation 1: The granularity of reachability for a UE is DU-level in NR RAN. 
Observation 2: It is inefficient to apply tracking area based paging at least for mMTC devices in NR system.
Proposal 1: RAN2 is suggested to take paging optimisation and RAN-based paging as a starting point to design paging mechanism and determine paging area for NR system.
Observation 3: It is beneficial for different UEs with different usage scenarios and/or mobility levels to have different paging areas.
Proposal 2: RAN2 is suggested to design a mechanism to manage location area of a UE in DU-level in NR RAN.
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