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1   Introduction
This paper is used for the offline discussion on how to support Mobility in NB-IoT enhancements, i.e. support data forwarding for UP solution, and NAS PDU forwarding for CP solution.
2   Background

In last RAN2 meeting, there are several agreements achieved:

	· Mobility is triggered by RLF

· RLF triggers RRC Connection Re-establishment 

· No additional mechanism is introduced to avoid NAS recovery for the CIOT UP solution

· Introduce RRC Connection Re-establishment procedure for the CIOT CP solution. 

· We will ask SA3 to verify that this is acceptable from security point of view. FFS exactly what to ask. 

· FFS: Lossless mobility by retransmissions in the target cell (and forwarding data via X2 is supported). FFS whether any enhancements are needed.

About CP mobility, RAN2 also has following discussion:

· ALT1: NAS performs retransmission (similar to NAS handling at handover)

· RRC Reestablishment with context fetch

· MME performs retransmissions in the DL

· eNB -> MME S1AP NAS NON DELIVERY INDICATION

· UE NAS performs retransmission in the UL, triggered by Non-delivery indication from AS to NAS. 

· ALT2: AS performs retransmission (similar to UP handling current handover)

· RRC Reestablishment with context fetch

· eNB prioritizes X2-forwarded PDUs in the DL 

· UE retransmits in the UL. 

· We go for ALT1

· Send LS to RAN3, CT1, SA3


For CP solution NAS PDU forwarding, the LS is sent out in R2-167315 to RAN3, CT1, and SA2:

	RAN2 has discussed the RRC connection re-establishment and data forwarding of NAS PDUs for CP solution to avoid the data loss during RRC_CONNECTED mode mobility.

To support RRC connection re-establishment for NB-IoT CP solution during RRC_CONNECTED mode mobility, UE context retrieval w/o DRB setup from source eNB to target eNB is needed and RAN2 would like to ask RAN3 to feedback in the feasibility.

To provide lossless data transmission in case of RLF using RRC Connection re-establishment during RRC_CONNECTED mode mobility:
· RAN2 would like RAN3 and CT1 to confirm that the DL NAS data transport PDUs can be transmitted by the MME to the new eNB when the MME is notified that the UE has accessed via the new eNB, and whether it is supported by RAN3 and CT1 specifications. 

· RAN2 would like CT1 to confirm that the UL NAS data transport PDUs can be retransmitted by the UE to the new eNB after the RRC connection re-establishment to the new eNB, and whether it is supported by CT1 specifications. 


And also one LS to SA3, Cc RAN3 and CT1 in R2-167296:

	Based on the discussion regarding Mobility improvements for NB-IoT within R14 NB-IOT Enhancement WI, RAN2 discussed the introduction of RRC Connection Re-Establishment procedure to allow context fetch and Re-Transmissions by MME and UE NAS in case of Radio Link Failure.

In the current LTE specification the RRC Connection Re-establishment procedure needs to be integrity protected. Anyway the integrity protection and ciphering is not supported on the air interface for NB-IoT DoNAS, but instead Integrity protection and ciphering is performed on the NAS Layer.

Based on this, RAN WG2 would like to ask if SA3 see any security threats of using RRC Connection Re-Establishment procedure without introduction of additional security mechanisms (Short MAC-I would not be used) in order to protect RRC Connection Re-Establishment procedure and if such mechanisms are needed, if SA3 could provide guidance on how such mechanism could look like.


Observation 1: for both CP and UP solution, RLF and RRC Connection Re-establishment procedures will be used over Uu interface to support mobility.

Observation 2: in current RRC Connection Re-establishment (RRCCRE) procedure, resume id is not provided.

Observation 3: in current Handover and Retrieval UE Context procedures, the E-RAB List IE and many other IEs are mandatory.
Observation 4: if there is security issue for using RRC Connection Re-establishment procedure in CP solution pending to SA3.

3   Discussion

Considering the RAN2 progress and the submitted contributions in RAN3#93bis meeting, there are multiple solutions to support data forwarding for UP solution, and NAS PDU forwarding for CP solution, which are elaborated in the following sub-sections.
3.1   Data forwarding for UP:
UP-Solution 1: RLF indication + HO
 Standard impacts: none.
UP-Solution 2: enhanced X2 UE Context retrieval with data forwarding
Standard impacts:

a) Early resume id assignment to the UE, e.g. in the RRCConnectionSetup message.
b) Resume id in RRCConnectionReestablishmentRequest message to new eNB.
c) X2AP: RETRIEVE UE CONTEXT RESPONSE message with data forwarding indication.
d) GTP Tunnel information for the related E-RABs in X2AP: UE CONTEXT RELEASE message or new message.
Company view on the solution for UP:
	Company
	Comments

	Huawei
	UP-Solution1.

Comparing the standard impacts and outcome of these two solutions, it is preferred to select UP-Solution1, i.e. RLF indication + HO.

	ZTE
	UP-Solution1

Considering data forwarding, UP-Solution1 has less standard impact. While the SN Status Transfer procedure transferring the downlink and/or uplink PDCP SN and HFN transmitter and/or receiver status from the old eNB to the new eNB during an X2 handover also needs to be considered.

	CATT
	UP-Solution1
Comparing the two UP solutions, we also prefer solution1 due to there’s no standard impact.  

	Nokia
	UP-Solution 1

Given the RAN2 agreement that mobility is triggered by RLF, it is natural to reuse RLF Indication procedure to trigger HO Preparation procedure.

	Intel
	UP-Solution 1


3.2   NAS forwarding for CP:

In case RRC reestablishment procedure can be supported, pending to reply LS from SA3, there are multiple solutions to support NAS forwarding for CP solution:

CP-Solution 1: RLF indication + HO + S1 NAS recovery (NAS Non Delivery indication from old eNB + DL NAS Transport to new eNB)
Standard impacts:

a. Solve the mandatory IEs issue in S1/X2 HO and S1 Path switch procedures.
b. May need to introduce NAS PDU List IE in S1AP: NAS NON DELIVERY INDICATION message.
CP-Solution 2: RLF indication + HO with NAS PDU List
Standard impacts:
a. Solve the mandatory IEs issue in S1/X2 HO and S1 Path switch procedures.
b. X2AP: HANDOVER REQUEST message with NAS PDU List IE.
CP-Solution 3: X2 UE Context retrieval + S1 NAS recovery (NAS Non Delivery indication from old eNB + DL NAS Transport to new eNB)
a. Solve the mandatory IEs issue in X2 UE Context retrieval and S1 Path switch procedures.
b. Early resume id assignment to the UE, e.g. in the RRCConnectionSetup message.
c. Resume id in RRCConnectionReestablishmentRequest message to new eNB.
d. May need to introduce NAS PDU List IE in S1AP: NAS NON DELIVERY INDICATION message.
CP-Solution 4: enhanced X2 UE Context retrieval with NAS PDU List
Standard impacts:

a) Solve the mandatory IEs issue in X2 UE Context retrieval and S1 Path switch procedures.
b) Early resume id assignment to the UE, e.g. in the RRCConnectionSetup message.
c) Resume id in RRCConnectionReestablishmentRequest message to new eNB.
d) X2AP: RETRIEVE UE CONTEXT RESPONSE message with NAS PDU List IE.
CP-Solution5: X2 RLF indication + X2AP new message(s)
Standard impacts:

a. Introduce a new Class 1 or Class2 procedure, to carry the UE RRC context and NAS PDU List from the old eNB to the new eNB.

b. Solve the mandatory IEs issue in S1 Path switch procedures.

Company view on the solution for CP:
	Company
	Comments

	Huawei
	CP-Solution 2 or CP-Solution 5.
Solution1 and 2 has less standard impacts, and X2 NAS PDU forwarding is more efficient than the MME NAS recovery way, hence it is preferred to select CP-Solution2 among CP Solution 1/2/3/4.
As there are many mandatory IEs in the current X2 Handover and UE Context retrieval procedures, the content of these IEs are not available at the old eNB side for CP CIoT Solution, e.g. E-RAB related information, UE Security Capabilities, AS Security Information. It is also preferred to select CP-Solution5, i.e. introduce a new procedure to carry the UE RRC contex and NAS PDU List from the old eNB to the new eNB.

	ZTE
	CP-Solution1 or CP-Solution5

Solution1 has less standard impacts, and introducing NAS PDU List IE in NAS NON DELIVERY INDICATION message seems not necessary, because when the old eNB receives the first NAS PDU from MME, it will send a NAS Non Delivery indication message to MME, then MME will acknowledge it and stop sending the following NAS PDUs to the old eNB.

CP-Solution5 has the benefit to solve the mandatory IEs issue completely without any compatible problem when reusing current X2-AP messages. However, new X2-AP messages need to be introduced with standard effort.

	CATT 
	CP-Solution 1
We prefer the solution 1, as there’s less/no standard impact.
Due to the NAS PDU List IE in S1AP: NAS NON DELIVERY INDICATION message, we see it’s unnecessary. 
· If the old eNB receives NAS PDU after the RLF IND, it should response with NAS NON DELIVERY INDICATION message immediately, then MME will not send the following NAS PDUs. In this case NAS PDU List IE is useless.
· If there’re still one or more NAS PDU(s) not successfully delivered to UE before the RLF IND, the old eNB should send NAS NON DELIVERY INDICATION message to MME immediately when receives RLF IND. In this case NAS PDU List IE seems useful.
Actually, upon receiving the NAS NON DELIVERY INDICATION message, MME knows which NAS PDU(s) have not been acknowledged by UE, no need to explicitly indicate them in the S1 message.

	Nokia
	CP-Solution 1

The CP Solution should be harmonized with the UP Solution as much as possible.

The first step should be RLF INDICATION, so that the RRC Connection Reestablishment attempt from the UE triggers the same action from the New eNB regardless of whether the UE is performing CP CIoT or UP CIoT. This eliminates CP-Solution 3 & 4.

Then, data recovery should occur via retransmission from the MME. There is a potential race condition if NAS PDUs are forwarded via X2 during the context fetch / handover preparation procedure, because the MME may still send a NAS PDU to the old eNB prior to being informed about the new serving eNB. So anyway there are cases where retransmission from the MME is needed. This eliminates CP-Solution 2 & 5. 
Regarding the scenario where old eNB has multiple NAS PDU buffered, it should first be clarified if there is any issue for the old eNB to send multiple NAS NON DELIVERY INDICATION messages to the MME. If not, then no additional solution is needed.
Note that all of the CP solutions have the following additional standard impact: “Solve the mandatory IE issue in Path Switch Request procedure”.

	Intel
	CP-Solution 1 
CP-Solution 1 and CP-Solution 3 are aligned with RAN2 decision. CP-Solution 1 seems to have minimal specification impacts.

We think the existing NAS NON-DELIVERY INDICATION is sufficient.  There is no need for further enhancement (e.g. NAS PDU List). A new cause can be added, if found necessary, in the NAS NON-DELIVERY INDICATION to indicate that it is due to RLF failure so that the MME stops sending NAS PDU to old eNB and to perform retransmission to the new eNB once S1 Patch Switch is successful.


4   Summary and Conclusion
For UP solution, two solutions were listed to support data forwarding, all companies support to use “UP-Solution 1: RLF indication + HO”, which can be supported without standard impact.
For CP solution, five solutions were listed to support NAS PDU forwarding, most companies support to use “CP-Solution 1”, and do not see the need for the NAS PDU List IE in NAS NON DELIVERY INDICATION message. 

To support CP-Solution1, there is a need to solve the mandatory IEs issue in S1/X2 HO and Path Switch procedures. 

Based on this offline, it is proposed to agree the following proposals as way forward:
Proposal 1: use RLF indication + HO to support data forwarding for UP solution.

Proposal 2: use RLF indication + HO + S1 NAS recovery (NAS Non Delivery indication from old eNB to MME+ DL NAS Transport from MME to new eNB) to support NAS PDU transmission for CP solution. 

Proposal 3: RAN3 to solve the mandatory IEs issue in S1/X2 HO and Path Switch procedures for CP solution.
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