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1. Introduction
The New WI on NarrowBand IOT (NB-IOT) in RP-151621 [1] was agreed in RAN#69 meeting.How to do resume procedure on different cases, e.g., NAS signaling only, NAS signaling with the follow-on uplink data, NAS signaling with the follow-on downlink data, within the same eNB has been discussed in R3-160792[2], in this paper, we will give analysis on the UE context retrieve and resume procedure with an eNB different than where the connection was suspended.
2. Discussion
Solution18:
Scenario: Resume a connection with an eNB different than where the connection was suspended
1) Retrieve UE Context
A new class1 X2 AP procedure was agreed in last RAN3 meeting. Some stage3 open issues are left, e.g., which information to kept or not in the context.
The UE context information table is shown as below:
Table1: The IEs for UE context

	UE context information
	Needed in the RETRIEVE UE CONTEXT RESPONSE message (YES or NO, if yes, Mandatory or Optional)
	Remark 

	GUMMEI
	No.
	GUMMEI may change during IDLE mode mobility, e.g., TAU in non-registered TA, inter-MME TAU. And this IE need to be included correctly in the first S1 AP UE related signalling to MME.
The new eNB will get newly GUMMEI from UE, if available.

	MME UE S1AP ID
	Yes, Mandatory
	This IE is used in UE CONTEXT RESUME REQUEST message, which is used by MME to lookup the UE context locally.

	UE Security Capabilities
	Yes, Mandatory
	Security part LS should be handle by RAN2 LS cc RAN3.

	AS Security Information
	Yes, Mandatory
	Security part LS should be handle by RAN2 LS cc RAN3.

	UE Aggregate Maximum Bit Rate
	Maybe Yes, Optional.
	The new eNB can take the old UE AMBR into account, however, this IE can be updated by MME during resume procedure, which is related to the radio bearer management.

	Subscriber Profile ID for RAT/Frequency priority
	Yes, Optional
	The Subscriber Profile ID IE for RAT/Frequency Selection Priority is used to define camp priorities in Idle mode and to control inter-RAT/inter-frequency handover in Active mode.

	E-RABs To Be Setup List
	Yes, Mandatory
	Nothing special.

	RRC Context
	Yes, Mandatory
	Nothing special. 

	Handover Restriction List
	Yes, Optional
	This IE is useful in the legacy UE support UP solution case.

	Location Reporting Information
	Yes, Optional
	Nothing special.

	MDT related information
	Maybe Yes, Optional
	This IE is related to MDT, which is not supported in NB IOT.

But if we consider the case that legacy UE support UP solution, then it may be helpful to be transferred from old eNB to new eNB.

	UE History Information
	No.
	This IE is handled and maintained by HO target eNB during connected mobility, which is not used in IDLE mode mobility.
When UE sent to IDLE mode, this IE shall be cleared.

	Trace Activation
	Maybe Yes, Optional
	Not sure whether TRACE will be be supported in NB IOT or not.
But if we consider the case that legacy UE support UP solution, then it may be helpful to be transferred from old eNB to new eNB.

	SRVCC Operation Possible
	Maybe Yes, Optional
	SRVCC does not need to be supported in NB IOT.
But if we consider the case that legacy UE support UP solution, then it may be helpful to be transferred from old eNB to new eNB.

	Masked IMEISV
	Yes, Optional
	Nothing special.

	UE History Information from the UE
	No
	This IE is reported by UE, UE will store the most recent 16 visited E-UTRA cells in RRC_IDLE or RRC_CONNECTED, including cells from other PLMN (in normal or emergency camped) and the duration in each cell.  Time spent outside E-UTRA (in other RAT or Out of service) is also recorded.
During the suspend, UE may move among cells/eNBs, this IE can be updated by UE duing IDLE mode mobility, which can not be sensed by the old eNB, it will bring some problem if the new eNB uses this outdated information for mobility optimization or paging ptimization in the new eNB.
The best way is that new eNB can get the this latest information from UE after resume.

	Expected UE Behaviour
	Yes, Optional
	This IE defines the behaviour of a UE with predictable activity and/or mobility behaviour, to assist the eNB in determining the optimum RRC connection time. The predictable activity may help eNB to configure the timer for suspending.

	ProSe Authorized
	Maybe Yes, Optional
	This IE is related to D2D, which is not supported in NB IOT.
But if we consider the case that legacy UE support UP solution, then it may be helpful to be transferred from old eNB to new eNB.


There are two ways to design the IE for UE context information during UE context retrieve procedure. 
· Option1: Define all individual IEs for UE context as shown in Table1. 
· Option2: Define a single UE Context IE as OCTET STRING, just like “UE Radio Capability for Paging” in TS36.413, and set a time stamp to this single UE Context IE, which stands for the absolute time when UE context suspend has performed successfully in the old eNB.
The first option is a traditional way, if it is selected, each IE of UE conext shall be defined, the analysis is shown in Table1.
The pro of the second option, includes simplifying the handling in the old eNB, which does not need to look at each profile of UE context information. However, in this option, when the new eNB receives the whole package of UE context information, it shall filter which pieces of UE context are valid, which shall be discarded. How could the new eNB make the decision, one possible way is that add a time stamp to this a single UE Context IE, then the new eNB can discard the outdated pieces of UE context based on an analysis of intervals between suspend and resume.
Proposal1: Decide the way to define UE context in the RETRIEVE UE CONTEXT RESPONSE message. Option2 seems much simple and easy to be achieved from the protocol point of view.
2) How to perform the resume procedure
Similar like the scenario of suspend and resume within the same eNB, we analyze the resume procedure on different cases, e.g., NAS signaling only, NAS signaling with the follow-on uplink data, NAS signaling with the follow-on downlink data.
Case a) The NAS signaling only, e.g., TAU
Considering that in this case, though there is no need to resume the radio bearer and S1-U tunnel for data transmission, however, the S1 AP Path Switch procedure will be triggered by the new eNB in order to request the MME to switch DL GTP tunnel termination point(s) according to current Stage2 CR. 

Then the successful resume signalling for case a) is shown in Figure1 as below, in this case the UPLINK NAS Transport is used to perform TAU after S1 resume procedure. Here the new eNB need to perform the path switch procedure towards the MME based on the S-TMSI or newly GUMMEI from UE, which is different with legacy X2 handover. Because considering the idle mode mobility of UE, the TAU in non-registered TA, inter-MME TAU will occur, the first S1 AP message shall be transferred by the new eNB to the correct MME via NNSF, else the failure case is shown in Figure4.
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             Figure1: The successful resume signalling for case a)

However, if the eNB can not get the UE context from the old eNB based on Resume ID, then RAN2 has decided that eNB can send msg4 to UE, and UE can finish the RRC procedure as RRC connection setup, eNB will setup new context between eNB and MME. In this case, the new eNB also needs to perform NNSF either based on its S-TMSI (S-TMSI will not exist in RRCConnectionResumeRequest) or based on its GUMMEI and selected PLMN as described in TS36.300.
Based on the above analysis, the Initial UE message is the only choice in this case as shown in Figure2. 
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Figure2: The failure resume signalling for case a)

Moreover, if the new eNB can not accept the resume request from UE due some local reason, e.g., overload. The new eNB can reject the resume request with RRCConnectionReject, the new eNB may send UE CONTEXT RELEASE to the old eNB and UE CONTEXT RELEASE REQUEST to MME in order to release the UE context, the signalling is shown in Figure3.
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                                                Figure3: The reject signalling for case a)
For the case that the S1 path switch procedure was failed due to some reason, e.g., inter-MME TAU, a failure occurred in the EPC. The new eNB shall also release RRC connection, and the new eNB may send UE CONTEXT RELEASE REQUEST to MME in order to release the possible UE context in MME. The signalling is shown in Figure4.
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                                             Figure4: The Path Switch failure for case a)
Proposal2: Choose the UPLINK NAS Transport for successful case and Initial UE message for failure case in the case of Case a) to perform suspend and resume with different eNBs.
Proposal3: The new eNB shall perform NNSF either based on its S-TMSI (S-TMSI will not exist in RRCConnectionResumeRequest) or based on its GUMMEI and selected PLMN as described in TS36.300, which can be provided by UE.
Case b) The NAS signaling with the follow-on uplink data

In this case, the resume procedure towards MME has been performed by path switch procedure, therefore, as shown in Figure1, after the TAU performed by UPLINK NAS Transport, the data transmission is followed on.
Proposal4: After the TAU performed by UPLINK NAS Transport, the data transmission is followed on in Case b).
Case c) The NAS signaling with the follow-on downlink data 
In this case, after the RRC resume and S1 resume has been performed successfully, the downlink data transmission is followed as legacy.
Proposal5: After the RRC resume and S1 resume has been performed successfully, the downlink data transmission is followed in Case c).
3. Conclusion
Here we propose, for the scenario that Resume a connection with an eNB different than where the connection was suspended:
Proposal1: Decide the way to define UE context in the RETRIEVE UE CONTEXT RESPONSE message. Option2 seems much simple and easy to be achieved from the protocol point of view.

Proposal2: Choose the UPLINK NAS Transport for successful case and Initial UE message for failure case in the case of Case a) to perform suspend and resume with different eNBs.
Proposal3: The new eNB shall perform NNSF either based on its S-TMSI (S-TMSI will not exist in RRCConnectionResumeRequest) or based on its GUMMEI and selected PLMN as described in TS36.300, which can be provided by UE.
Proposal4: After the TAU performed by UPLINK NAS Transport, the data transmission is followed on in Case b).

Proposal5: After the RRC resume and S1 resume has been performed successfully, the downlink data transmission is followed in Case c).
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