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1. Introduction
During RAN2#95, it was agreed to have an email discussion on eNB-IoTenh Mobility Enhancements:
	[95#42][eNB-IoTenh] Mobility Enhancements


Structure proposals and determine possible ways forward. Can also discuss the problems to be solved (Nokia) 


Intended outcome: Email discussion report


Deadline: Thursday 22/09/2016


The deadline of the e-mail discussion is set to Thursday, 2016-09-22, 23:59 Pacific Time.
2 Discussion 

2.1 Objectives in the Enhancements of NB-IoT work item
The following objectives has been defined in the Enhancements of NB-IoT work item [1] (RP-161324) for the mobility:

Mobility and service continuity enhancements
· 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].

2.2 Summary of the connected mode mobility enhancements 

Based on the companies contrubtions at least the following connected mode mobility enhancemenst can be summarized from the companies’ proposals. The companies are invited to fill in the responses to the questions below:

1. UE measurements in the connected mode 
	Company 
	Question 1: Are the intra-frequency and inter-frequency RSRP measurements needed for the connected mode mobility?

	
	Y/N
	Detailed comments

	Vodafone
	Y
	We prefer to have measurements. The question we would need to answer what it would mean in regards to the measurement gaps and coverage level. The requirements for such measurements should be developed currefully in order not to have a big impact to the power consumtion

	Huawei, HiSilicon
	Y
	We think that intra-frequency and inter-frequency RSRP measurements are beneficial for non-stationary UEs. This will help to reduce data loss as mobility can be triggered earlier than RLF and will also reduce the interruption time as the UE will already have identified ‘candidate’ cells for selection/reselection.

Mobile UEs are likely to be in good coverage and the measurement requirements could be restricted to these UEs.

	Nokia
	Y
	It seems that whatever enhancement is selected for the connected mode mobility both intra-frequency and inter-frequency RSRP measurements are needed in order that mobility can happen before RLF. RAN4 needs to be informed in case this is agreed in RAN2, because some RAN4 work might be needed.

	ZTE
	It depends.
	Before we discuss whether intra-freq or inter-freq or both are needed or not for connected mode mobility, we prefer to discuss firstly whether measurement for connected mode mobility is needed or not. Depending on the decision for connected mode measurement, we can secondly discuss either one or both are needed.

In our opinion, whether measurement for mobility is needed or not depends on the service requirement; if R14 NB-IoT is still targeted for small/infrequent/non real time data with low cost/complexity/power consumption, we see no strong motivation to support this; if bigger/continuous data or even real time service are expected, it looks reasonable to support this.

If bigger/continuous data or even real time service are expected, in order to get better service performance for mobility, besides connected mode measurement, handover based mobility could be considered.

	LGE
	Y
	We think that measurements are needed for connected mode mobility. In current specification, NB-IoT UE in connected mode can not acquire system information except when T311 is running (re-establishment procedure). In order to minimize power consumption, system information acquisition in connected mode and measurement requirements should be considered.

	Intel
	N
	NBIOT is in general for delay-tolerant usage. For long transmission, it is typically for DL and for software/firmware upgrade and large latency can be tolerated in such cases. Hence we do not see the need to reduce the interruption time by detecting the mobility early other than based on existing detection of physical channel problem. Furthermore, such mobile UEs are most likely in normal or shallow coverage level and detection delay should be lower. Hence we do not think any measurement is required by the UE in RRC Connected.

Packet loss can be recovered via data forwarding if we agree to do that in Section 11.

	Ericsson
	Y measurements
N cell re-selection
	In our view intra-frequency measurement (and potentially inter-frequency measurements) could be performed in connected mode to speed up the recovery after RLF is detected, i.e. speed up the cell selection after RLF detection. Some UE implementation might already have such implementation. In any case these should be relaxed measurement requirements based on the Idle mode measurement requirements, and procedures. But we are not in favour of measurements to perform cell re-selection in connected mode, i.e. UE based mobility in connected mode.

	CATT
	Y
	If connected mode mobility needs to be enhanced, both intra-frequency and inter-frequence RSRP measurements are supported.

	Qualcomm
	
	The answer to this question depends on the answer to later questions. That is, if mobility enhancements are required and what form of ehancmeents will dictate if connected mode measurments are necessary or not.

In any case network may need to provide gaps for measurmenets to be performed (especially for inter-frequency). This could prolong connected mode this reducing the overall advantage.

	GTO
	N
	NB-IOT traffic is delay tolerant. So even if there is a RLF, it can resume the services by re-establishment and continue. Because with inclusion of these measurements, the NB-IOT modules /UE’s need to have some gaps or some measurements they need to do hence some overhead. . In case of CE mode, measurements can take very long.In addition, NB-IOT is specially focussed on metering hence measurements in connected mode should not be driver for complexity. 

If Measurements in connected mode deemed necessary at all, they should not be manadatory.



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question:

Are the intra-frequency and inter-frequency RSRP measurements needed for the connected mode mobility?

Yes, 6 companies (Vodafone, Huawei, HiSilicon, Nokia, LGE, CATT)
No, 2 companies (Intel, GTO)

Not clear, 3 companies (ZTE, Ericsson, Qualcomm)

Based on the discussions and the majority view the following is proposed:

Proposal 1: The intra-frequency and inter-frequency RSRP measurements are introduced for the connected mode mobility
Proposal 2: RAN4 is informed about the possible agreement of proposal 1
Both UE and NW based connected mode mobility approaches were proposed:

2. UE based mobility in RRC Connected i.e. cell reselection is triggered when the condition is fulfilled 
3. NW based mobility i.e. measurement reporting and handover
	Company 
	Question 2: Which option above (2 or 3) is preferable for the connected mode mobility?

	
	Preferred Option
	Detailed comments

	Vodafone
	2
	As there is no possibility to introduce measurement reporting (because the security aspects we already discussed many time) and therefore, it would not be possible to realise handover, we prefer to standardise a criteria for cell reselection while the UE is in connected mode. Anyway, by doing it, we should focus on being very precise in order not to allow different UE implementations and consecuenlty bad UE behaviour.

	Huawei/ HiSilicon
	2
	In NB-IoT, there are no stringent requirements on mobility performance while the concern is the UE power consumption and signaling overhead. Also, for the control plane solution, it is not possible to have measurement reporting due to the lack of AS security. In this context, network-controlled mobility does not seem very suitable and a UE-based solution is preferred.

	Nokia
	2
	Considering tight schedule and time allocation it seems both options cannot be finalized on time. We have slight preference for the UE based mobility.

	ZTE
	2
	We prefer UE-based mobility in RRC connected as baseline, but at this time, we don’t see the strong motivation to do cell reselection; we suggest UE based mobility in RRC connected depending on RLF triggering re-establishment.

	LGE
	2
	UE based mobility can be a good solution since network based mobility leads to high power consumption due to the measurement reporting and associated handover execution procedure. Under the current LTE specification, UE based mobility in RRC_CONNECTED is supported by RRC connection re-establishment procedure for abnormal situation handling (e.g. RLF). UE based mobility can be easily supported by improving RRC connection re-establishment procedure.

	Intel
	
	Existing RLF handling procedure is sufficient to handle mobility

	Ericsson
	3 or no solution
	Option 3 can perhaps be considered for UEs in normal coverage. Furthermore measurement reporting (without HO) can be used when AS security has been activated. Measurement reporting can be useful to avoid blind redirection, ANR, rlf-Reporting, etc. 
We see risks with option 2:

· UE autonomously, without informing/asking the NW, would leave the connection with the eNB, i.e. such UE behaviour would have negative impact on the eNB scheduling and use of network resources. 

· The UE can only takes into account certains aspects in its cell re-selection, i.e. does not take into account the cell load conditions of the target cell, and potential negative impact on the load balancing algorithms in the network

In our view ths cell reselection behaviour in connected mode will be difficult to test, and it will be difficult to ensure proper UE behaviour. 

We are also not convinced that there is a strong need for NB-IoT to improve the existing mobility based on RLF and RRC re-establishment using cell select. 

	CATT
	2
	For CP solution, it is usually used for infrequent small data transmissions. In addition, there is a release assistance indication in NAS message to assist the network to early release RRC connection. Therefore, it is not frequent that cell change would happen during connected mode for CP solution.  Connected mode mobility enhancement is unnecessary for CP solution.

For UP solution, option 2 is preferred as it is simple.

	Qualcomm
	2
	Measurement reports should can not be sent in CP mode. 
Given the kind of traffic to be carried in NB-IoT, there is no need for ‘handover’.
Performing measurement reports in connected mode could allow UE to switch to another cell quicker and continue with data transfer. But if network has to create gaps to allow UE to perform measurments then this reduces the overall advanatage.

	GTO
	
	Existing RLF is sufficient.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question:

Which option above (2 or 3) is preferable for the connected mode mobility? 
Option 2, 8 companies (Vodafone, Huawei, HiSilicon, Nokia, ZTE, LGE, CATT, Qualcomm)
Option 3, 1 company (Ericsson)

No improvement needed, 2 companies (Intel, GTO)

Based on the discussions and the majority view the following is proposed:

Proposal 3: Introduce UE based mobility in RRC Connected i.e. cell reselection is triggered when the condition is fulfilled
How is the connected mode mobility behavior defined? At least the following options can be summarized:
4. RRC Connection Re-establishment is triggered when the cell change condition is fulfilled [2][10][12][13]
5. Fast RLF [4]
6. Improvements to the detection and/or recovery of physical layer problems [7]
7. Other option: 7a. Re-establishment is still triggered by RLF for UE based mobility
	Company 
	Question 3: Which option above (4, 5, 6, 7) is preferable for the connected mode mobility?

	
	Preferred Option
	Detailed comments

	Vodafone
	
	I am not sure, if the options are excludable.

In my view, if we define a new reselection criterion in RRC connected mode then for DoNAS it is the easiest way to perform re-establishment. According to our analyses, there are no security problems with, but for sure, this can be doublechecked with SA3. In case of reselection to other eNB, we would need to involve RAN 3 as to me,  corresponding procedure which exist today over X2 and S1 interface assumes user plane bearer established.

	Huawei/ HiSilicon
	4
	We think that detecting early the degradation of the serving cell quality will help to reduce the UE power consumption and the waste of radio resources. We could define a new cell reselection criteria for connected mode.

	Nokia
	4
	According to the REL13 specifications the UE is able to change the cell only after radio link failure. We think that it would be beneficial if the UE would be on the best available cell in the connected mode. Amount of transmission and reception repetitions are unnecessarily increased if the UE is in connected mode on the non-best cell, which is causing intra and inter cell interference. Condition for triggering the RRC Connection Re-establishment before radio link failure needs to be defined. Broadcasted re-selection rules could be re-used for this purpose or new reselection criteria can be defined. 

We think that it is not sufficient to improve the recovery of physical layer problems, because the UE may be connected to the non-best cell before the actual physical layer problems are detected. 

	ZTE
	7a
	We prefer RRC Connection Re-establishment triggered by RLF for UE based mobility.

For UE based mobility, the comparision between option 4 (Re-establishment initiated by cell change) and option 7a (Re-establishment initiated by RLF ) can be from the following aspects:

1. UE power consumption

The difference for UE power consumption may be from Connected mode measurement w/o measurement report and the time to search the target cell at re-establishment (depending on 36.133, for unknown cell, Tsearch = [1400] ms, for known cell, Tsearch = 0 ms). In our opinion, it is difficult to simply conclude which one has bigger UE power consumption, e.g. for option 7a, although Tsearch is longer than option4, but it is only one-short; for option4, connected mode measurement could require more UE power consumption to find the suitable cell, e.g. multiple measurement.
2. Service continuity
For option 7a, the data interruption is mainly due to the re-establishment procedure itself, e.g. cell selection, SIB acquisition, message exchanges.
For option 4, except for the data interruption due to the re-establishment procedure itself, data transmission may also be interrupted due to meas gap for inter/intra freq measurement.
3. UE complexity

For option 7a, no additional complexity, just follow existing re-establishment procedure.
For option 4, bigger complexity from new requirement to re-establishment, e.g. measurement relevant (measurement configuration/ performing/ possible reporting, new triggering, etc).
Based on the analysis, compared to Re-establishment initiated by RLF, Re-establishment initiated by cell change has no obvious advantage from the whole UE power consumption and service continuity but with the disadvantage of more UE complexity.

	LGE
	4
	In the current LTE specification, RRC connection re-establishment provides AS level recovery and is triggered only when a UE is in RLF. RRC connection re-establishment procedure can be used to support UE based mobility in RRC_CONNECTED in NB-IOT not only for handling abnormal situation e.g. RLF but also for supporting connected mobility.
When a NB-IoT UE finds a better cell, UE performs connection re-establishment towards the target cell, regardless of RLF. UE may unnecessarily move to a target cell even though a source cell quality is sufficient. In order to avoid such undesired situation, we think that a NB-IoT UE initiates RRC connection re-establishment towards the target cell regardless of RLF only when the triggering condition (e.g. when a target cell quality is better than a threshold or a source cell quality) is fulfilled only if a service cell quality is lower than a certain threshold.

	Intel
	7a
	As explained in Question 1, there is no need to reduce the interruption time by performing cell reselection early.

	Ericsson
	6
	4: We see risk with cell re-selection in connected mode. It is not clear if with the limited accuracy and measurement frequency to save power the UE is able to obtain a significant re-selection performance the typically short lived connections, i.e. will the UE be accurately and in time be able to make a cell re-selection? It is also not explicit for what UE speeds/mobility this is intended to work. There is added complexity/power consumption for the UE, and in the end it is not clear yet whether this will give a significant improvement.  
5: In our understanding this proposal shortens or tries to skip the “In-sync” phase after there has been several consecutive “Out-of-sync” triggers and T310 is triggered, i.e. not hope and wait for a recovery? But the NW can already configure just one “In-sync” to wait for? 

6: RAN4 started to discuss potential RLM/RLF improvements.  

	CATT
	4(UP solution only)
	As described in question 2, connected mode mobility enhancement is not necessary for CP solution.

For UP solution, RRC connection re-establishment is triggered when the cell change condition is fulfilled. As RRC connection re-establishment procedure has been already supported in R13 for UP solution, the specification effect is small.

	Qualcomm
	6
	6: can provide benefit to both CP and UP modes.

For 4 & 5 have similar concerns as Ericsson. 

	GTO
	7a
	As explained in question 1 UE based mobility on RLF is sufficient.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question:

Which option above (4, 5, 6, 7) is preferable for the connected mode mobility? 

Option 4, 5 companies (Huawei, HiSilicon, Nokia, LGE, CATT)
Option 5, 0 companies
Option 6, 2 companies (Ericsson, Qualcomm)
Option 7a, 3 companies (ZTE, Intel, GTO)

Not clear. 1 company (Vodafone)
Based on the discussions and slight majority the following is proposed:

Proposal 4: RRC Connection Re-establishment is triggered when the cell change condition is fulfilled
How to avoid NAS recovery for the CIOT UP solution?
8. Nothing is needed

9. Other solution i.e. 9a) autonomous connection suspension
	Company 
	Question 4: Which option above (8, 9) is preferable?

	
	Preferred Option
	Detailed comments

	Vodafone
	8
	I think, nothing is needed as in case of RRC connection re-establishment, there is no NAS recovery and this procedure is supported by UP option. The possible enhancements might be needed on X2 interface, but this is out of scope of this discussion.

	Huawei/ HiSilicon
	9
	NAS recovery procedure has two significant drawbacks: signalling overhead caused by the TAU procedure and loss of any data pending in the eNB.

By introducing a AS recovery procedure such as RRC connection re-establishment, the two drawbacks are alleviated.

	Nokia
	8
	We don’t see the problem with NAS recovery for the CIOT UP solution, because RRC Re-establishment is already supported.

	ZTE
	9a
	In case RRC Connection re-establishment fails, UE will enter into idle mode without storing its AS context and wait for NAS triggering to establish RRC connection from initial stage with 7 Uu messages (i.e. RRC connection establishment, AS security activation, DRB configuration, etc.) to recover data transmission, and it is observed too much UE power consumption and longer service interruption.

We think NAS recovery can’t be avoided but can be improved.

In order to avoid NAS recovery from initial connection setup, we prefer to support autonomous connection suspension. By this way, UE and eNB can suspend the connection respectively not only depend on RRCConnectionRelease message with suspend indication, and then UE and eNB can easily have further Resume procedure in case of re-establishment fails which allows more robust Resume recovery procedure to save UE power and faster service recovery.

	LGE
	8
	We think that nothing is needed for UP solution since CIOT UP solution supports RRC re-establishment procedure to avoid NAS recovery.

	Intel
	9
	In CIOT UP solution, the reason that the RRC Connection Reestablishment failed is because the target eNB is not prepared (i.e. it does not have the AS context of the UE) and context fetch is not performed for RRC Connection Reestablishment for NB-IoT.
Also in Rel-13 NBIOT, as part of UP solution, context fetch is agreed as part of the resumption procedure where the UE AS context from the eNB where the RRC connection has been suspended and transfer it to the eNB where the RRC Connection has been requested to be resumed via HandoverPreparationInformation-NB . RAN 3 specification has been extended to support this using X2AP Retrieve UE Context procedure. 

This can be extended for the re-establishment case.

	Ericsson
	8
	In our view the existing RRC re-establishment will in most cases avoid NAS recovery.

	CATT
	8
	When RLF is detected, RRC connection re-establishment procedure is triggered for UP solution. In R13, if the target cell belongs to the same eNB as the source cell, RRC connection re-establishment is successful. However, the context fetch triggered by RLF indication procedure is not supported in R13 NB-IoT. If the target cell belongs to a different eNB with the source cell, RRC connection reestablishment procedure would be failure as the target eNB does not have a valid UE context. Then the UE may trigger NAS recovery procedure. It is a RAN3 issue. From RAN2 point of view, nothing is needed.

	Qualcomm
	
	For UP case re-establishment is possible and that can be used. It is also worth considering suspension/resumption rather than triggering NAS recovery.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question:

How to avoid NAS recovery for the CIOT UP solution? 

Option 8, 5 companies (Vodafone, Nokia, LGE, Ericsson, CATT)
Option 9, 3 companies (Huawei, HiSilicon, Intel)
Option 9a, 1 company (ZTE)

Not clear, 1 company (Qualcomm)

Based on the discussions and slight majority the following is proposed:

Proposal 5: No additional mechanism is introduced to avoid NAS recovery for the CIOT UP solution
How to avoid NAS recovery for the CIOT CP solution?

10. Introduce RRC Connection Re-establishment procedure

11. Other solution  

	Company 
	Question 5: Which option above (10, 11) is preferable?

	
	Preferred Option
	Detailed comments

	Vodafone
	10
	I think RRC Connection Re-establishment procedure is the most suitable for. It is straight forward in case RLF happens in the same eNB and might need a bit of standard work in case we are speaking about X2 Inteface as current procedures are mostly done assuming there is a data bearer established.

	Huawei/ HiSilicon
	10
	As indicated for Question 4, RRC Connection re-establishment will alleviate the main drawbacks of the NAS recovery procedure. It will also reuse mechanisms that are already there on the X2 and S1 interface, minimising the overall impact.

	Nokia
	10
	RRC Connection Re-establishment procedure could be considered for the CIOT CP solution. AS security is not supported in the CIOT CP solution and we think that NAS security could be considered for the RRC Connection Re-establishment procedure for the CIOT CP solution.

	ZTE
	10
	RRC connection re-establishment for CP solution should be considered as baseline, the details for the possible ways to achieve it will be discussed further, i.e. RRC connection re-establishment can be performed with full AS security or with partial AS security or without AS security.

There might be the following options and alternatives depending on how to handle AS security and relevant security parameters:

Option 1: RRC connection re-establishment with full AS security


Alt1: one-shot AS security [14]


Alt2: the stored AS security context

Option 2: RRC connection re-establishment with partial AS security


Alt3: short MAC-I based on NAS security key [6]


Alt4: short MAC-I pre-assigned by eNB [14]

Option 3: RRC connection re-establishment without AS security [3]

Alt5: invalid short MAC-I and NextHopChainingCount

RAN2 can discuss and make decision which option is selected based on discussion papers.

	LGE
	10
	We think that RRC connection re-establishment procedure can be good solution to avoid NAS recovery for the CIoT CP solution. In the current specification, NB-IoT UE performs RRC connection re-establishment procedure only when AS security is activated. Since AS security is not activated for CP solution, it is impossible to perform RRC connection re-establishment procedure upon radio link failure (RLF). AS security activation issue should be considered for the RRC Connection re-establishment procedure.

	Intel
	10
	We propose introducing the RRC Connection re-establishment procedure also for CIOT CP solution to reduce the need of NAS recovery.

To allow the UE to use the RRC Connection Re-establishment for RLF due to Connected mode mobility for CP solution, there is a need to provide the means to enable the UE authentication (i.e. some form of MAC-I). The eNB needs to authenticate the UE to prevent denial of service attack (e.g. a fake UE may come up in a new cell to deny service of the real UE). See further detailed solution in [6]. Security risk can further be checked with SA3. Also UE context fetch and data forwarding of SRB will need to be introduced to support RRC Connection Re-establishment for CP solution.

	Ericsson
	
	We are not sure if there is a particular problem with TAU load to MME with RLF for CP solution. From a UE perspective the amount if RRC signalling is also not reduced when using reestablishment instead of a new connection. 

The reestablishment procedure currently requires AS security, and unless AS security is re-used RAN3 would need to be involved to evaluate alternative methods.  

	CATT
	11
	Nothing is needed.

As described in question 2, CP solution is usually used for infrequent small data transmissions. In addition, there is a release assistance indication in NAS message to assist the network to early release RRC connection. Therefore, it is not frequent that cell change would happen during connected mode for CP solution. 

Furthermore, if RLF is detection, UE would directly trigger NAS recovery procedure. The interruption time with NAS recovery is similar as the time with option 10.

We do not find necessity and benefit to avoid NAS recovery for CP solution.

	Qualcomm
	11
	Nothing is needed.
Without security rrc re-establishment can not be used. Using NAS security credentials (or part of) at AS level would need to be discussed with other groups (SA3, SA2, CT1, RAN3).

	
	
	

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question: 
how to avoid NAS recovery for the CIOT CP solution? 

Option 10, 7 companies (Vodafone, Huawei, HiSilicon, Nokia, ZTE, LGE, Intel)
Option 11, 2 companies (CATT, Qualcomm)

Not clear, 1 company (Ericsson)

Based on the discussions and the majority view the following is proposed:

Proposal 6: Introduce RRC Connection Re-establishment procedure for the CIOT CP solution
Is there need to support lossless mobility, by retransmissions in the target cell and forwarding data via X2?

	Company 
	Question 6: Is there need to support lossless mobility, by retransmissions in the target cell and forwarding data via X2?

	
	Y/N
	Detailed comments

	Vodafone
	
	No strong opinion yet.

	Huawei/ HiSilicon
	Y
	We think it is beneficial to support data forwarding over the X2 interface and retransmission in the target cell to reduce the data loss and retransmission by the application layers. This is legacy handling of RLF.

	Nokia
	Y
	We think that by using RRC Connection Re-establishment procedure data forwarding via X2 is already supported in the current specifications.

	ZTE
	Y, but the decision depends on RAN3.
	How to retrieve UE context and data forwarding depends on RAN3 decision, either R12 RLF indication/HO preparation/SN status mechanism or R13 UP solution Retrieve UE context request/response mechanism.

	Intel
	Y
	For UP solution, the existing data forwarding mechanism on DRBs over X2 can be extended to NBIOT

For CP solution, data forwarding mechanism of SRB needs to be introduced. 

	Ericsson
	N
	No we do not see a need for further X2 enhancements.

	CATT
	Y
	For CP solution, nothing enhancement is needed.

For UP solution, the existing data forwarding mechanism could be reused to support lossless mobility.

	Qualcomm
	-
	No strong opion but this needs to be discussed in RAN3.
In general this does not make much sense for small data transfers.

	
	
	

	
	
	

	
	
	


Rapporteur summary for the question:

Is there need to support lossless mobility, by retransmissions in the target cell and forwarding data via X2? 

Yes, 6 companies (Huawei, HiSilicon, Nokia, ZTE, Intel, CATT) 

No, 1 company (Ericsson)

Not clear, 2 companies (Vodafone, Qualcomm)

Based on the discussions and the majority view the following is proposed:

Proposal 7: Lossless mobility by retransmissions in the target cell and forwarding data via X2 is supported. FFS whether any enhancements are needed. 
3. Conclusions 
As a summary of the discussion, the following proposals are made:
Proposal 1: The intra-frequency and inter-frequency RSRP measurements are introduced for the connected mode mobility
Proposal 2: RAN4 is informed about the possible agreement of proposal 1

Proposal 3: Introduce UE based mobility in RRC Connected i.e. cell reselection is triggered when the condition is fulfilled
Proposal 4: RRC Connection Re-establishment is triggered when the cell change condition is fulfilled

Proposal 5: No additional mechanism is introduced to avoid NAS recovery for the CIOT UP solution
Proposal 6: Introduce RRC Connection Re-establishment procedure for the CIOT CP solution

Proposal 7: Lossless mobility by retransmissions in the target cell and forwarding data via X2 is supported. FFS whether any enhancements are needed. 
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Annex 1, companies proposals in RAN2#95
The companies proposed the following in RAN2#95:

[2] R2-164766
Discussion on Mobility Enhancement, CATT

Proposal 1: Confirm the following baseline procedures for connected mode mobility enhancement:

· For CP solution, the typical procedure in R13connected mode mobility includes RLF detection procedure, cell selection procedure, SIB2 acquirement, and RRC connection establishment procedure.

· For UP solution, the typical procedure in R13connected mobility includes RLF detection procedure, cell selection procedure, SIB2 acquirement, RRC connection reestablishment failure procedure, RRC connection establishment procedure, and E-RAB setup procedure.
Proposal 2: Confirm there is data transmission during R14 mobility procedure.
Proposal 2bbis: It is suggested to focus on how the data interruption time introduced by connected mode mobility can be minimized for R14 mobility enhancement.

Proposal 3: For R14 mobility enhancement, the following scenarios are supported:

- Scenario 1: Mobility from an anchor carrier of the source cell to an anchor carrier of a target cell;

- Scenario 2: Mobility from a non-anchor carrier of the source cell to an anchor carrier of a target cell.

Proposal 4: For R14 mobility enhancement, discuss whether the following scenarios are supported:
· Scenario 3: Mobility from an anchor carrier of the source cell to a non-anchor carrier of a target cell;
· Scenario 4: Mobility from a non-anchor carrier of the source cell to a non-anchor carrier of a target cell.
Proposal 5: Consider the following solutions for R14 NB-IoT mobility enhancement:

· Solution 1: UE reports the target cell to the source cell which trigger handover procedure towards the target cell;

· Solution 2: UE directly performs RRC connection establishment/reestablishment procedures towards the target cell;

· Solution 3: UE reports the target cell to the source cell, and then directly perform RRC connection establishment/reestablishment procedures towards the target cell.
[3] R2-164860
Consideration on mobility enhancement in NB-IoT, 
ZTE Corporation

Proposal 1: It is suggested that connected mode mobility enhancement for R14 NB-IoT could mainly focus on the analysis of improved RLF-recovery based mobility and simplified handover-based mobility.
Proposal 2: To use RRCConnectionResume message as the response to ConnectionReestablishmentRequest message.

Proposal 3: To support autonomous connection suspension on UE side and eNB side respectively.
Proposal 4: In case RAN2 decides to support handover based mobility, the option 3/4/5 can be considered for different scenarios.
Proposal 5: It is suggested that RAN2 consider the possibility for CP solution to support RRC connection re-establishment procedure.
[4] R2-164952
Mobility enhancements for NB-IoT,
MediaTek Inc.


Proposal 1: Make recommendation that context fetch should be supported at re-establishment (not clear if this has any TS impact at all), to avoid NAS recovery for the CIOT UP solution.
Proposal 2: Introduce re-establishment for CP solution.

Proposal 3: Support lossless mobility triggered by RLF, by retransmissions in the target cell, and X2 forwarding of data. 
Proposal 4: Support “fast RLF” by T312
[5] R2-164991
RRC Connected mobility for NB-IoT UEs using CIoT EPS UP optimizations,
 Intel Corporation


Proposal#1: Approach#2 using RRC Connection reestablishment should be enhanced to support RRC Connected mode mobility for CIOT EPS UP Optimization by extending UE context fetch used by RRC Resume procedure to RRC Connection Reestablishment procedure.

Proposal#2: The request of the UE Context fetch by the target eNB should be based on ReestabUE-Identity. 

Proposal#3: Inform RAN 3 of this decision if Proposals#1 and #2 are agreed.

[6] R2-164999
RRC Connected mobility  for NB-IoT UEs using CIoT EPS CP optimizations, Intel Corporation


Proposal#1: Agreed to adopt the existing RRC Connection reestablishment to the NB-IoT UE using CIOT EPS CP optimization for RRC Connected mobility by defining a new security token (using the NAS security association between the MME and the UE) associated with the UE for its authentication by the eNB.

Proposal#2: Inform SA3 of the use of NAS security association to generate the security token (i.e. a new shortMAC-I) for the RRC Connection Reestablishment when NB-IoT UE uses CIOT EPS CP Optimisation (and no AS security is established). 

Proposal#3: Extend legacy UE context fetch procedure for RRC Suspend/Resume procedure also for RRC Connection Re-establishment procedure. The request of the UE Context fetch by the target eNB should be based on ReestabUE-Identity. 

Proposal#4: Inform RAN 3 of this decision, if Proposals#3 is agreed.

[7] R2-165159
Mobility enhancements NB-IoT,
Ericsson


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

[8] R2-165238
Mobility enhancement for NB-IoT UP solution,
Nokia, Alcatel-Lucent Shanghai Bell


Proposal 1: The UE-controlled mobility is considered for the UE working in deep CE mode to reduce the signalling overhead and the UE power consumption.

Proposal 2: RAN2 to consider the enhancement to support the UE-controlled mobility. 

Proposal 3: RAN2 to discuss the feasibility for applying the network-controlled mobility for the UE working in normal coverage.

[9] R2-165245
Mobility enhancement for NB-IoT CP solution,
Nokia, Alcatel-Lucent Shanghai Bell


Proposal 1: RAN2 send LS to CT1 to raise those issues for mobility enhancement for CP solution.
[10] R2-165380
Mobility enhancements in connected mode,
Huawei, HiSilicon, Neul Ltd.


Proposal 1: Intra-frequency and inter-frequency measurements are supported in RRC_CONNECTED mode
Proposal 2: Performance requirements for Intra-frequency and inter-frequency RSRP/RSRQ measurements need to be defined by RAN4. An LS needs to be sent to RAN4.
Proposal 3: Measurement gaps are not supported.

Proposal 4: Intra-frequency and inter-frequency measurement are performed during the ‘inactive time’ of connected mode DRX.
Proposal 5: Measurement reporting for mobility purpose is not supported.
Proposal 6: UE-based mobility is used in RRC_CONNECTED mode. 
Proposal 7: As a baseline, mobility in RRC_CONNECTED mode is based on cell reselection.

Proposal 8: As a baseline, the cell reselection parameters broadcasted in the system information are also used in RRC_CONNECTED mode. Measurement configuration via dedicated signalling is not supported.

Proposal 9a: As a baseline, once the cell reselection criteria is fulfilled, the UE reconnects to the target cell in a similar way as following a radio link failure, i.e. by triggering a RRC Connection Establishment procedure for the control plane solution and a RRC Connection Re-establishment procedure for the user plane solution.
Proposal 9b:  For the user plane solution, an indication is provided to indicate that the RRC connection re-establishment is due to cell reselection.

Proposal 9c:  For the control plane solution, a new procedure similar to RRC Connection re-establishment can be introduced, so that the S1 connection is maintained.

Proposal 10: Study a mechanism to minimise data loss at cell reselection for the control plane solution.

[11] R2-165381
Load balancing enhancement,
Huawei, HiSilicon, Neul Ltd.


Proposal 1: Provide a dedicated frequency offset together with the carrier frequency in IE redirectedCarrierInfo in RRCConnectionRelease message. 

[12] R2-165625
Need for UE centric mobility for service continuity,
LG Electronics France


Proposal 1: UE centric mobility is proposed to be supported in RRC_CONNECTED for service continuity

Proposal 2: RRC connection re-establishment procedure is used to support UE centric mobility in RRC_CONNECTED in NB-IOT not only for handling abnormal situation e.g. RLF but also for supporting connected mobility.

Proposal 3: When a NB-IoT UE finds a better cell, UE performs connection re-establishment towards the target cell, regardless of RLF.
[13] R2-165626
Fast RRC connection re-establishment in NB-IoT
, LG Electronics France


Proposal 1: Fast RRC connection re-establishment in LTE is also applied to NB-IOT for connected mobility.

Proposal 2: When the entering condition of A3 event is fulfilled only if a service cell quality is lower than a certain threshold, a NB-IoT UE initiates RRC connection re-establishment towards the target cell regardless of RLF.

Proposal 3: The configuration related to fast RRC connection re-establishment (e.g. offset for A3 event) needs to be broadcast via system information.

[14] R2-165631
Support of RRC Connection Re-establishment for CP solution,
LG Electronics France


Observation 1: eNB can send a certain value in RRC connection setup message. This value can replace MAC-I in the RRC Connection Re-establishment Request.
Observation 2: If RRC connection needs to be maintained for some duration in CP solution, AS security can be activated so that UE performs re-establishment upon RLF after SMC.

Observation 3: Alternatively, if AS security is not activated, UE goes to RRC_IDLE upon RLF, but RRC of UE could quickly trigger RRC Connection Establishment procedure without notifying NAS about failure. However, such new AS recovery will cause some complexity.
