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1 Background
One of the objectives of the REL-14 NB-IoT enhancements is related to mobility:
· Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption.   [RAN2, RAN3,RAN4].

First the REL-13 connected mode mobility and its potential drawbacks are discussed in chapter 2. In chapter 3 connected mode mobility enhancements are discussed.  

2 Connected mode mobility in release 13
Scope of the REL-13 connected mode mobility 

Handover and UE measurement reporting are not supported in REL-13. RLF with RLM measurements on narrowband reference signals in connected mode on the serving cell
 are supported (section 7.23 in 36.133), and RRC re-establishment is supported with the UP solution (section 6.5 specifies minimum requirement to find a suitable cell in NB-IoT after detection of RLF). Furthermore RRC re-direction to another NB-IoT frequency is supported in REL-13. 
There are mainly three triggers for Radio Link Failure (RLF) in connected mode:
1. N310 consecutive "out-of-sync" (without N311 consecutive "in-sync" during T310)
2. Random Access MAC failure
3. Maximum number of RLC retransmissions has been reached

In case RLF is detected:

· CP solution:
· UE goes to Idle mode

· Release cause “RRC connection failure” is reported to NAS, which will trigger a “NAS recovery”, i.e. Tracking Area Update (TAU) (see section 5.5.3.2.2 in 24.301). 
· UP solution:

· RRC re-establishment procedure is triggered
 (i.e. UE tries to resume SRB1 and AS security using the cell select procedure as specified in 36.304): 
· Through cell selection the UE tries to find a suitable cell (e.g. another intra-frequency cell, another inter-frequency cell or even the old cell again). The UE may use stored information about previously visited cells to speed up the cell selection process. If the UE cannot find a suitable cell (T311 expires) or when the RRC re-establishment is rejected by the NW, the UE goes to Idle and informs NAS with release cause “'RRC connection failure”, which will trigger NAS recovery. 
When the UE (with both CP and UP solution) reports a “RRC connection failure” to the upper layers and the UE has gone to Idle mode, then NAS triggers a TAU when criteria “i” in section 5.5.3.2.2 in 24.301 is satisfied: 

The UE in state EMM-REGISTERED shall initiate the tracking area updating procedure by sending a TRACKING AREA UPDATE REQUEST message to the MME,

a)
when the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the MME, unless the UE is configured for "AttachWithIMSI" as specified in 3GPP TS 24.368 [15A] or 3GPP TS 31.102 [17] and is entering a tracking area in a new PLMN that is neither the registered PLMN nor in the list of equivalent PLMNs;

…

i)
when the UE receives an indication of "RRC Connection failure" from the lower layers and has no signalling or user uplink data pending (i.e when the lower layer requests NAS signalling connection recovery);

…

Only when there is no pending signalling or user data a TAU is triggered. The TAU is expected to perform a “re-sync” with the network (i.e. not necessarily to update the tracking area) such that paging is received in idle mode. In case there is pending signalling or user data a Serving Request may be triggered to enable the pending signalling and user data to be sent. Thus NAS recovery is typically triggered when the UE has completed data transmission (although the NAS criteria does not take into account downlink data). In NB-IoT a short inactivity timer can be expected due to the strict power saving requirements and the potentially predictable traffic patterns, i.e. the UE is quickly released to idle mode after data transmission. Furthermore given the expected low RLF probability due to short lived connections and low mobility to start with, and the NAS criteria in addition, it is not clear if a high TAU signalling should be expected in NB-IoT. Furthermore, in case there is problem with the TAU signalling load, it can be investigated if the NAS criteria for TAU in NB-IoT can be modified/optimized, because this criteria has been inherited from LTE. However the existing TAU procedure is there for a reason, i.e. to enable paging after the UE has gone to Idle, and it is not clear what optimizations can be expected. Potentially a “wait” timer could be applied in the TAU response to avoid too frequent TAUs. But such potential improvements are for CT1 to discuss further. 
In the RRC connection release the UE may be redirected to a NB-IoT frequency. This redirection is “blind” because UE measurement reporting is not supported. In case the UE cannot find a suitable cell on the redirected frequency, the UE will eventually re-select to another frequency than the one re-directed to.

Potential drawbacks of REL-13 connected mode mobility
· CP solution: RLF may trigger a TAU to the MME (NAS recovery). 
· UP solution: in case of RRC re-establishment the DRB needs to be (re-)configured after re-establishment causing additional signaling/delay and increased power consumption. Furthermore, the UE does not perform intra- nor inter-frequency measurements in connected mode, but tries to select a cell after RLF (i.e. cell selection is slower compared to cell re-selection where potential alternative cells are available through measurements). Finally, the UE is not required to perform Access Barring check when it tries to re-establish on a (new) suitable cell. There can be potential problems when UEs (either due to normal or artificially induced mobility (e.g. eNB failure)) would try to re-establish on a highly load eNB. 
· UE can be redirected to a frequency where it cannot find a suitable cell, i.e. the NW may want to re-direct the UE to that frequency for load purposes, but the UE does not have coverage on that frequency. This case may happen more often when a low power UE is re-directed, because a low power UE experiences smaller cells due to reduced uplink power [2]. 
3 Connected mode mobility enhancements
Expected RLF behaviour in NB-IoT

In LTE RLF, and subsequent RRC re-establishment, is not supposed to happen regularly, i.e. typically UE measurement reporting and handover to a better cell prevents the UE to loose the link and prevents the UE to try to recover. In NB-IoT RLF is also not supposed to happen often, due to the fact the connections are expected to be short-lived and the UE is only moving with low mobility or the UE is stationary. 
The range of the RLF timer T310 (to recover with N311 consecutive "in-sync" indications) was increased for NB-IoT from 2 to 8 seconds (ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000) to allow for the longer measurement latencies. The counters N310 (1, 2, 3, 4, 5, 8, 10, 20) and N311 (1, 2, 3, 4, 5, 6, 8, 10) were kept as in legacy. 
The RRC re-establishment timer T311 to find another suitable cell after RLF detection was kept as in legacy (1,3, 5, 10, 15, 20, 30 sec). The range for timer T301 to send the RRCReestablishmentRequest message was increased to 60 seconds (2.5, 4, 6, 10, 15, 25, 40, 60), similar as T300 for the RRCConnectionRequest message to account for the longer signalling latencies in NB-IoT. 
The UE requires a longer RLM evaluation time to determine "in-sync" or "out-of-sync" in NB-IoT, especially when the UE is in coverage enhancements. The increased range for T310 accounts for that. 
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With RLF there is the a trade-off between keeping a bad link and trying the complete the data transmission, or loose the connection and try to find a better cell to continue the data transmission and accept the associated latency and signalling overhead. The network has the possibility to make appropriate configuration with the existing RLF parameters for NB-IoT. In case of short connections, and low mobility such as in NB-IoT it might be favourable to try to keep a slow / bad connection, but this is up to NW configuration. 
The existing RLF detection is based on "in-sync" or "out-of-sync" detection based on reference signals. But, for example success or failure to read MIB (using QPSK  and 16 bit  CRC protection) could be used to improve RLF detection. Dependent on the RLF detection improvement such solution may also need to be discussed in RAN4. 
Connected mode measurements 

One obvious mobility enhancement is to support handovers in NB-IoT, however this is a rather complex feature for both UE and NW. Thus instead of trying the keep the connection, an intermediate solution is to recover the link more quickly and smoothly. This can be achieved by requiring the UE to perform not only serving cell measurements in connected mode, but also intra-frequency and possibly inter-frequency measurements, such that the UE can find another suitable cell more quickly when needed, i.e. after RLF is detected. Possibly the UE should use the intra-frequency neighbour cell info in SIB4-NB, and inter-frequency NB-IoT carrier info in SIB5-NB to perform these measurements. No UE measurement reporting is needed, i.e. based on the cell re-selection info in system information the UE re-selects to another cell after RLF, and reports to the NW in a new cell with RRCConnectionReestablishmentRequest message. The UE should perform these measurements as in Idle mode, i.e. the UE only performs intra-/inter-frequency measurements when the serving cell is below the intra-/inter-frequency measurement threshold. The UE would typically not perform measurements in connected mode all the time, but only when the serving cell gets weak, and there is a higher risk that RLF may happen. The UE would not perform cell re-selection in connected mode as such, i.e. the UE retains the serving cell connection until it is lost or released. The existing RLF and RLM requirements are retained. But when the connected mode measurements are triggered the UE would perform cell ranking based on the measurement results, i.e. it would always have the highest ranked cell, i.e. best alternative cell available in case it is needed. 
Re-establishment and reconfiguration after RLF detection
The RRC re-establishment procedure requires an RRC reconfiguration after re-establishment to establish the DRB. This causes additional signalling, increased latency, and thus power consumption.  
The whole procedure could be optimized when it is allowed to multiplex the RRC re-establishment message (SRB0) and RRC re-configuration (SRB1) in the same transport block (MAC multiplexing). 

Proposed mobility enhancements in NB-IoT for REL-14
Based on the arguments in chapter 2, further discussion is needed to establish if there is a problem with TAU due to RLF with CP solution:  
Proposal 1: RAN2 to discuss if there is a problem with TAU due to RLF with CP solution
In case RAN2 would like to consider RRC re-establishment for CP solution to reduce TAUs the following observations are made: 
· The RRC re-establishment relies on AS security to verify the UE and to prevent hijacking of the RRC connection by an intruder. 

· It should be noted that the amount of signalling for RRC reestablishment and RRC connection establishment is similar. 

It can be investigated further if improvements to RLF are possible, i.e. improvements to the detection and/or recovery of physical layer problems (section 5.3.11 in 36.331): 
Proposal 2: RAN2/RAN4 to discuss potential improvements to the detection and/or recovery of physical layer problems
The connection is re-established more quickly when the UE would perform measurements before the link is about to fail, instead after the link has actually failed: 
Proposal 3: Introduce intra-frequency and inter-frequency RSRP measurements in connected to enable cell re-selection after RLF

It can be discussed to only introduce intra-frequency measurements, because it is expected that in most cases another suitable intra-frequency can be found. However the inter-frequency measurement threshold can be configured lower than the intra-frequency threshold, such that inter-frequency measurements are not triggered often. Most likely measurement gaps are not needed, i.e. either gaps with DRX can be used, or gaps associated with the NB physical channels, especially in coverage enhancements. The measurements in connected mode should follow the normal RAN4 rules when DRX is used and when DRX is not used. Potentially the measurement frequency can be further relaxed compared to legacy rules because only low mobility is supported in NB-IoT. The RAN4 connected mode measurement requirements should follow more the Idle mode performance then the Connected mode performance, because they intend to support cell re-selection and not handover. But the measurement requirements are for RAN4 to study and agree on. 

To recover the connection more quickly after RLF detection it is proposed to allow multiplexing of RRC re-establishment and RRC reconfiguration: 
Proposal 4: Allow multiplexing of RRC re-establishment and RRC reconfiguration

To avoid potential overload due to (unexpected) re-establishment behaviour it is proposed: 

Proposal 5: RAN2 to investigate if there is a need for Access Barring check during RRC re-establishment

In case the UE performs measurements in connected mode it makes sense to also introduce UE measurement reporting as well to avoid blind RRC re-direction to a “bad” carrier: 
Proposal 6: Introduce periodic and one-shot UE measurement reporting of RSRP measurements for RRC re-direction for UP solution

In case it is agreeable to introduce UE measurement reporting it can be discussed further if additional UE measurements should be reported as well such as ANR. ANR is a missing feature in NB-IoT which can be helpful for network configuration.
In LTE the UE can send an RLF-report, which includes valuable information to the network to analyse RLF performance in the network, for example failed cell info, serving and neighbor cell measurements, location info, etc (see VarRLF-Report section 7.1 in 36.331). Given that in NB-IoT we rely on RLF and assume that this procedure is not needed in most cases, it would be good to have additional UE information when RLF problems are detected and need to be analyzed in the network. Therefore it is proposed: 

Proposal 7: Introduce rlf-InfoAvailable in RRCConnectionReestablishmentComplete-NB message and introduce UE information procedure (UEInformationRequest-NB and UEInformationResponse-NB message) to signal RLF report in NB-IoT for UP solution
Another valuable reporting option is connection establishment failure information, where the UE has experience “chiba” issues, especially for NB-IoT where the UE may be stationary and potentially not be able to move out of the bad spot. 
4 Summary

RAN2 is kindly asked to discuss mobility enhancements for NB-IoT for REL-14: 

Proposal 1: RAN2 to discuss if there is a problem with TAU due to RLF with CP solution
Proposal 2: RAN2/RAN4 to discuss potential improvements to the detection and/or recovery of physical layer problems
Proposal 3: Introduce intra-frequency and inter-frequency RSRP measurements in connected to enable cell re-selection after RLF

Proposal 4: Allow multiplexing of RRC re-establishment and RRC reconfiguration

Proposal 5: RAN2 to investigate if there is a need for Access Barring check during RRC re-establishment

Proposal 6: Introduce periodic and one-shot UE measurement reporting of RSRP measurements for RRC re-direction for UP solution

Proposal 7: Introduce rlf-InfoAvailable in RRCConnectionReestablishmentComplete-NB message and introduce UE information procedure (UEInformationRequest-NB and UEInformationResponse-NB message) to signal RLF report in NB-IoT for UP solution
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� In addition intra-frequency NRSRP serving cell measurements for uplink power control in connected mode are supported (section 8.14 in 36.133). 


� RRC re-establishment is also triggered when reconfiguration fails and AS security is activated (section 5.3.5.5 in 36.331). 
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