Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #95bis
R2-166325
Kaohsiung, 10th - 14th October 2016
Agenda Item:
8.11.3
Source:

Huawei, HiSilicon, Neul Limited
Title:

Mobility enhancements in connected mode 
Document for:
Discussion and decision
1 Introduction
At RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1]. One major objective of this WID is to enhance connected mode mobility.
Rel-13 NB-IoT is mainly targeted at stationary / low mobility UEs and small data transfer. As a result, idle mode mobility via cell selection/reselection was deemed sufficient and connected mode mobility was not supported.

As the market expands and new use cases are supported, e.g. asset tracking, enhancement(s) to connected mode mobility are needed in order to improve service continuity and avoid NAS recovery. 
In this paper, we discuss measurements and mobility procedures in connected mode.
2 Discussion 
2.1 Motivation

In Rel-13, mobility in connected mode is not supported and the UE can change cell after detecting radio link failure. 

Before declaring radio link failure, the radio link will degrade and any ongoing data transfer will require multiple retransmissions and eventually fail completely, leading to a waste of UE power and radio resources.

After radio link failure detection, the UE will search for another cell in order to ‘re-establish’ the radio connection, this may require a lot of time during which the eNB may try to schedule the UE, adding to the waste of radio resources.

Thus we believe that, at least for mobile UEs, it is beneficial to introduce enhancements to limit the interruption time by triggering the mobility before the radio link becomes unusable and by speeding up the recovery.
In Rel-13, after detecting radio link failure, a UE using the control plane solution will enter idle mode and trigger the NAS recovery procedure. Any control plane data that were already sent to the eNB but not to the UE are lost and will need to be retransmitted by the application layers. The NAS recovery procedure requires the UE to perform a TAU procedure. This is not efficient and involves a significant signaling overhead.
Thus we believe it is beneficial to introduce enhancements to improve the recovery of the radio connection for UE using the control plane solution.

2.2 Measurements and mobility trigger in RRC CONNECTED mode
In LTE, mobility in RRC_CONNECTED mode is network-controlled and involves measurement configuration, timely measurement reporting, and a handover command. 

In NB-IoT, there are no stringent requirements on mobility performance while the concern is the UE power consumption and signaling overhead. In this context, network-controlled mobility does not seem very suitable and a UE-based solution is preferred.

Proposal 1: To introduce UE-based mobility in RRC_CONNECTED mode.

Proposal 2: Dedicated measurement configuration and measurement reporting for mobility purpose are not supported.
At RAN2#95, several triggers were proposed for mobility in connected: cell reselection, fast RLF and RLF. It was commented that UEs do not need to be always on the best cell and that, in some cases, it was better to complete a data transfer on a not so good radio link than interrupting it.

Mobile UEs are likely to be in good coverage; performing measurements in RRC_CONNECTED mode will help to detect early the degradation of the serving cell quality and to identify an alternative cell, saving UE power and radio resources. 
We agree that the UE should not move away while the cell is still usable. However we think that it is beneficial to move before the radio link becomes really bad. The criteria for mobility in RRC_CONNECTED can be different from RRC_IDLE mode, in order to take into account the serving cell quality and ensure that the target cell is definitively better, e.g. ‘Serving cell quality is below a certain threshold and the target cell is offset better than the serving cell’. The exact details need to be discussed.
Proposal 3: To introduce support for serving cell and neighbouring cells measurements in RRC_CONNECTED mode.
Proposal 4: To introduce a mobility criteria based on measurements in RRC_CONNECTED mode.

2.3 Mobility procedure in RRC_CONNECTED mode

Even if a ‘cell reselection’ criteria for UEs in RRC_CONNECTED mode is introduced, there will always be the possibility of RLF (e.g. for UE in bad coverage that need a very long time to perform measurements). In order to have a single mechanism, we propose to use the RRC Connection Re-establishment procedure for all cases.
For the user plane solution, the RRC Connection Re-establishment procedure and path switch procedure are already supported in Rel-13 and can just be reused.
Proposal 5: To reuse the existing RRC Connection Re-establishment and path switch procedures for the user plane solution.

For the control plane solution, the RRC Connection Re-establishment procedure is not supported in rel-13 as the procedure is only triggered after AS security is activated. We propose to introduce it in rel-14 to avoid the NAS recovery procedure and control plane data loss.  

Proposal 6: To introduce support for the RRC Connection Re-establishment and path switch procedures for the control plane solution.

In the legacy procedure, the UE identity consists of the C-RNTI, the PCI and the shortMAC-I. The shortMAC-I is used to help identifying the UE, e.g. in case of PCI confusion, and to authenticate the UE. In absence of AS security, the definition of the shortMAC-I need to be revised for the C-plane solution.

ReestabUE-Identity ::=



SEQUENCE {


c-RNTI







C-RNTI,


physCellId






PhysCellId,


shortMAC-I






ShortMAC-I

}
ShortMAC-I ::=





BIT STRING (SIZE (16))
The first question is whether there is a security issue if the shortMAC-I is not security protected. At worse, it will allow a fake UE to highjack the RRC connection of a real UE. However, this fake UE will not be able to send or receive any data to / from the CN as all data are protected with NAS security.

If there is security concern, a potential option is to use a shortMAC-I protected by NAS security as proposed at RAN2#95 in [2].
Proposal 7: To send a LS to SA3 to ask them if they have security concern on using a ‘clear’ shortMAC-I in the RRC Connection re-establishment procedure for the control plane solution and if yes, on using a shortMAC-I protected by NAS security.  
During the RRC re-establishment procedure, the old eNB reports one by one to the MME the NAS PDUs that have not been delivered or acknowledged by the UE with the S1AP NAS NON DELIVERY INDICATION message and then the MME can send them back to the new eNB after the path switch,

When data transfer over the control plane solution is used, there may be multiple PDUs waiting in the eNB, and it could be worth enhancing the procedure to reduce the signalling over the S1 interface, for example by allowing to include multiple PDUs in the S1AP NAS NON DELIVERY INDICATION message or by forwarding the NAS PDUs from the old eNB to the new eNB over the X2 interface.
Proposal 8: To send a LS to RAN3, CT1 to ask them if it is possible to optimise the recovery of the NAS PDUs for the control plane solution.
3 Summary
This paper discusses mobility enhancements in RRC_CONNECTED mode and provides the following proposals:
Proposal 1: To introduce UE-based mobility in RRC_CONNECTED mode.

Proposal 2: Dedicated measurement configuration and measurement reporting for mobility in connected mode are not supported.
Proposal 3: To introduce support for serving cell and neighbouring cells measurements in RRC_CONNECTED mode.
Proposal 4: To introduce a mobility criteria based on measurements in RRC_CONNECTED mode.
Proposal 5: To reuse the existing RRC Connection Re-establishment and path switch procedures for the user plane solution.

Proposal 6: To introduce support for the RRC Connection Re-establishment/nt and path switch procedures for the control plane solution.

Proposal 7: To send a LS to SA3 to ask them if they have security concern on using a ‘clear’ shortMAC-I in the RRC Connection re-establishment procedure for the control plane solution and if yes, on using a shortMAC-I protected by NAS security.  
Proposal 8: To send a LS to RAN3, CT1 to ask them if it is possible to optimise the recovery of the NAS PDUs for the control plane solution.
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