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Abstract of the contribution: This paper discusses the intra-RAT mobility for NB-IoT UE in RRC connected state, including the CP optimization and UP optimization.
1. Background
1.1 Intra-RAT mobility for NB-IoT UE in RRC connected state
As described in TR 23.720, for NB-IoT UE, “Support for Inter-RAT mobility and Intra-RAT network controlled handover are not required.” The avoidance of network controlled handover is to avoid battery power consumption from the transmission of measurements on neighbour cells.
As there is no network controlled mobility for NB-IoT, there was general agreement that an inter-cell change (when the UE was in RRC connected state on the old cell) would probably look like existing E-UTAN “Radio Link Failure” style mechanisms. And the TS 23.401 section 5.3.3 indicates that if “the RRC layer in the UE informs the UE's NAS layer that an RRC connection failure (in either E-UTRAN or UTRAN) has occurred,” the UE’s MM layer would send a TAU request. This enables the MME to release the resources on the old eNB and route new MT data to the new eNB.

For Intra-RAT mobility for NB-IoT UE in RRC connected state, the following issues need to be further discussed: 

a. Whether the UE attempts RRC re-establishment when it camps on the new cell;
b. Whether the target eNB tries to fetch UEs context from source eNB when RRC re-establishment is attempted;
c. Whether the buffered data is forwarded from source eNB to target eNB.
1.2 Radio Link Failure in E-UTRAN

TS 36.300 section 10.1.6 describes the “Radio Link Failure” mechanism in E-UTRAN. And two phases govern the behaviour associated to radio link failure as shown on Figure 1.
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Figure 1: Radio Link Failure

Table 1 below describes how mobility is handled with respect to radio link failure:

Table 1: Mobility and Radio Link Failure

	Cases
	First Phase
	Second Phase
	T2 expired

	UE returns to the same cell
	Continue as if no radio problems occurred
	Activity is resumed by means of explicit signalling between UE and eNB
	Go via RRC_IDLE

	UE selects a different cell from the same eNB
	N/A
	Activity is resumed by means of explicit signalling between UE and eNB
	Go via RRC_IDLE

	UE selects a cell of a prepared eNB (NOTE)
	N/A
	Activity is resumed by means of explicit signalling between UE and eNB
	Go via RRC_IDLE

	UE selects a cell of a different eNB that is not prepared (NOTE)
	N/A
	Go via RRC_IDLE
	Go via RRC_IDLE

	NOTE: 
a prepared eNB is an eNB which has admitted the UE during an earlier executed HO preparation phase, or obtains the UE context during the Second Phase.


In the Second Phase, in order to resume activity and avoid going via RRC_IDLE when the UE returns to the same cell or when the UE selects a different cell from the same eNB, or when the UE selects a cell from a different eNB, the following procedure applies:

-
The UE stays in RRC_CONNECTED;

-
The UE accesses the cell through the random access procedure;

- 
The UE identifier used in the random access procedure for contention resolution (i.e. C‑RNTI of the UE in the cell where the RLF occurred + physical layer identity of that cell + short MAC-I based on the keys of that cell) is used by the selected eNB to authenticate the UE and check whether it has a context stored for that UE:

-
If the eNB finds a context that matches the identity of the UE, or obtains this context from the previously serving eNB, it indicates to the UE that its connection can be resumed;

-
If the context is not found, RRC connection is released and UE initiates procedure to establish new RRC connection. In this case UE is required to go via RRC_IDLE.
2. Discussion
2.1 Connected mode intra-RAT mobility (UP optimization) 
According to the technically endorsed CR 2930 rev 3 (S2-154453), it is said that:

To maintain support for User Plane CIOT EPS Optimizations at UE mobility between cells configured on different eNodeBs, the AS Context should be transferred between the eNodeBs.
So for NB-IoT UE in RRC connected state, if the UP optimization is applied, the UE applies the two-phases behaviour associated to radio link failure for intra-mobility scenario. The UE should attempt RRC re-establishment when it camps on the new cell, and the target eNB tries to fetch UEs AS context from source eNB when RRC re-establishment is attempted. If the DL/UL data are buffered in source eNB, it can be forwarded to target eNB by X2 interface.

If the NB-IoT UE and eNB don’t attempt RRC re-establishment, the AS bearers and the AS security context should be established using the Service Request procedure, the Tracking Area Update procedure. So the RRC re-establishment procedure in connected mode intra-RAT mobility can save signalling cost to establish AS context.

Proposal 1: For connected mode intra-RAT mobility, if the UP optimization is applied, the NB-IoT UE and eNB should attempt RRC re-establishment for context transfer and data forwarding.

2.2 Connected mode intra-RAT mobility (CP optimization)

For NB-IoT UE in RRC connected state, if the CP optimization is applied, there is no AS bearers and the AS security context stored in the source eNB. However, the RRC context also needs to be transferred from source eNB to target eNB, e.g. AS Configuration, RRM configuration and UE Radio Access Capability Information (for details, see the RRC Handover Preparation Information message as defined in subclause 10.2.2 of TS 36.331 ). So the RRC re-establishment procedure in connected mode intra-RAT mobility can save signalling cost to establish RRC context.
Also the data forwarding issue needs to be considered. For MT data transport procedure, maybe the data packet has been sent from MME to the source eNB, and buffered in source eNB. To avoid data retransmission, the source eNB can forward the buffered DL data to target eNB during context fetch procedure. So the NB-IoT UE and eNB should attempt RRC re-establishment to forward the DL data.  
For connected mode intra-RAT mobility, the UE applies the two-phases behaviour associated to radio link failure as the following table:
Table 2: Connected mode intra-RAT mobility for NB-IoT UE
	Cases
	First Phase
	Second Phase
	T2 expired

	UE returns to the same cell
	Continue as if no radio problems occurred
	UE attempts RRC re-establishment, and the RRC connection can be resumed.

	Go via RRC_IDLE

	UE selects a different cell from the same eNB
	N/A
	UE attempts RRC re-establishment, and the RRC connection can be resumed.
	Go via RRC_IDLE

	UE selects a different cell from a prepared eNB
	N/A
	UE attempts RRC re-establishment, and the target eNB tries to fetch UEs context from source eNB. 
Data forwarding is also enforced if needed.
And the target eNB sends signalling to notify the path switch to the MME.
	Go via RRC_IDLE

	UE selects a different cell from a eNB that is not prepared
	N/A
	UE attempts RRC re-establishment, but the connection cannot be resumed. 
Then UE returns to RRC_IDLE, and establish a new RRC connection to initiate a TAU procedure.
	Go via RRC_IDLE


Proposal 2: For connected mode intra-RAT mobility, if the CP optimization is applied, the NB-IoT UE and eNB should attempt RRC re-establishment for context transfer and data forwarding.
3. Proposal
Based on the above discussion, the proposal is given as following: 
Proposal: For connected mode intra-RAT mobility, the NB-IoT UE and eNB should attempt RRC re-establishment for context transfer and data forwarding.
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