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1. Introduction
The New WI on NarrowBand IOT (NB-IOT) in RP-151621 [1] was agreed in RAN#69 meeting. Solution 2 and Solution 18 impacts were discussed in Jan RAN3 adhoc meeting.
2. Discussion
According to the minutes of RAN3 adhoc meeting, the open issues are listed as below, and we would like to analyze the open issues one by one and give our preference.
Solution2:
1) S1 protocol impacts due to carrying data and signalling over NAS
LS to SA2 and CT1 in R3-160135, wait for the reply from SA2 and CT1. SA2 replied in R3-160181 that SA2 plan to debate the architectural aspects of this and the need for it.
2)  Context Release after last DL Data transmission
LS to SA2 in R3-160140, the solution considered in RAN3 without S1 AP impact is two steps, first MME sends the DL data in an unmodified S1AP DL NAS Transport message, second MME sends immediately after an S1AP UE Context Release Command message to the eNB to tear down the S1/RRC connection. 
Wait for the guidance from SA2.

3) Scenario to consider that a second uplink NAS PDU can be sent without reception of any downlink NAS PDU after the first uplink NAS PDU
LS to SA2 in R3-160142, wait for the reply from SA2. SA2 has confirmed in R3-160178 that the scenario is valid in SA2#113 meeting. For the solution part, two solutions are discussed during last meeting, one is using INITIAL UE MESSAGE messages to carry the following UL small data packets, the other one is specifying that in this scenario, the MME S1AP UE ID could be ignored in the UPLINK NAS TRANSPORT message, by introducing one bit flag.

On our understanding, reusing INITIAL UE MESSAGE message is the solution with least effort. No change is needed in S1 AP, and MME always need to achieve NAS PDU in the following INITIAL UE MESSAGE messages (Without NB IOT, MME also needs to decode NAS PDU to check whether it is the repeat message when it receives the second INITIAL UE MESSAGE message).
Proposal1: Using INITIAL UE MESSAGE messages to carry the following UL small data packets.
Solution18:
1) How eNB knows the difference between legacy UP and NB UP in order to be allow to triggered a suspend?
LS to SA2 in R3-160147, wait for the reply from SA2.
2) How to resume a connection with an eNB different than where the connection was suspended?
One proposed solution is that the existing RLF Indication can be reused for inter-eNB resume purposes, which is depending on RAN2’s decision on how to design the UE context addressing by RRC means. The context fetch can be achieved by current SON function, e.g., reusing RLF Indication or defining a new X2AP class 2 procedure for triggering the UE context transfer at UE context resume.
On our opinion, X2 is not always available, which means the solution based on X2 interface is best effort and lack of robustness. The UE context transfer based on S1 interface needs to be considered. The eNB/MME Direct Information Transfer messages can be reused for this purpose.
Furthermore, it is worthy to consider the risk that even the eNB can get the UE context from the old eNB, there still has the possibility that MME can not find the UE context, for example, UE moves to an eNB which belongs to another MME (inter MME TAU) or in some abnormal situations. How to handle such kind of scenario during resuming needs further analysis.

On the other hand, it is always possible that if UE moves to another eNB, we can just setup new context between target eNB and MME, and release the UE context in the source eNB.
Proposal2: The UE context transfer based on S1 interface needs to be considered. And the case that the UE context is not available in MME also needs to be considered.
3) Does the resume should be sent before any S1 procedure?
In general, we would like to keep NAS procedure and resume procedure separately. When MME receives the UE Context Resume message, it could understand that UE being in Connected state.
There are three cases of the transmission requirements of the NAS signaling: 

-The NAS signaling only. In this case, the UPLINK NAS Transport can be used for this purpose without any modificaton.
-The NAS signaling with the follow-on uplink data. In this case, after the UPLINK NAS Transport, eNB will trigger the resume procedure towards MME in order to resume the radio bearer and S1-U tunnel for data transmission.
-The NAS signaling with the follow-on downlink data. In this case, after the UPLINK NAS Transport, then the resumption of a previously suspended RRC connection for the MT case is followed.
Proposal3: It’s better to keep NAS procedure and resume procedure separately.
4) Bearer Admission at UE Context Resume
We understand that if ERAB needs to be modified or released after resuming, MME can trigger the E-RAB MODIFY REQUEST procedure or E-RAB RELEASE procedure (MME initiated or eNB initiated) towards eNB can be used for ERAB release purpose.
If bearer admission at UE Context Resume is allowed (SA2 impact needs to be checked), RAN2 has agreed that only 1 DRB is allowed for NB IoT UE. The E-RAB Failed To Resume List or The Resume E-RAB List is not needed for NB IOT UE. For NB IOT case, the indication of whether the NB IOT bearer needs to be resumed or not from MME to eNB sounds workable. On the other hand, if we consider the case that WB-E-UTRA UE supports solution18, then the E-RAB Failed To Resume List may need in the UE Context Resume Response message.
However, for NB IOT case, if the one and the only one bearer can not be resumed during the resuming procedure, what eNB should do? In legacy, when all ERABs of UE are released, then eNB will trigger S1 release and RRC release. Here is the same situation, if eNB receives the Resume Response message without any ERAB allows to be resumed, the eNB shall also release the connection.
Proposal4: If no bearer is allowed to be accepted at UE Context Resume procedure, the behaviour on eNB shall be clarified.
Common issues:
1) Does capabilities of NB IoT of the eNB and MME should be exchange?
According to S2-154395, It is stated that:

Several types of MME are envisaged, i.e. 

· an MME that only supports CIoT optimisation;

·  an MME that does not support CIoT Optimisations and 

· an MME that supports CIoT Optimisations. 

The E-UTRAN shall support the routeing of UEs to an MME that supports the behaviour the UE requires.
Similary, eNB also may not necessarily support both CIOT solutions. 

According to the discussion in last meeting, the majority prefer to agree that eNB can get the capability of MME/C-SGN via OAM, which can be used for NNSF.
Consider that the number of eNBs which connects to one MME is huge, which is a big burden and impossible to maintain the RAN nodes capability info via manual configuration. It would be better that eNB can inform its CIOT capability to MME/C-SGN during S1 setup procedure. Or eNB can inform its CIOT capability to MME/C-SGN via Initial UE message/UPLINK NAS TRANSPORT message. This ensures that the MME has all the information from the UE and eNB when receiving an ATTACH request, which is helpful to select proper CIOT solution for this UE.

Furthermore, if we consider the HeNB GW case, HeNB GW also needs to get those related information in order to do NNSF, e.g., User type or capability, and MME/C-SGN NB IOT capability.
Proposal5: The eNB declares its CIOT capability to MME/C-SGN via signalling.

2) HeNB GW case

According to R2-157187, the following functions are assumed not supported by NB-IoT, which includes CSG and RN. However, HeNB GW is a different topic.
For solution2, the S1 UE context is released after timer expires in both RAN node and MME/C-SGN implicitly, which means the timers between HeNB GW and HeNB shall be aligned, else it will bring some abnormal problems, e.g., the NAS messages can not be routed due to early release.

For Solution18, HeNB GW also needs support for storing of UE Context as well as S1AP association related parameters when the RRC connection is suspended, which may have some stage2 impact.

Both for Solution2 and Solution18, if there are some indications introduced in S1-AP messages or new messages introduced, the handling principle in HeNB GW needs discussion and guarantee functionality.

Proposal6: Solutions impact on HeNB GW case need to be analyzed.
3) Solution2 and Solution18 selection and switching 
This issue is analyzed separately in [2].
3. Conclusion
Here we propose:
Proposal1: Using INITIAL UE MESSAGE messages to carry the following UL small data packets.
Proposal2: The UE context transfer based on S1 interface needs to be considered. And the case that the UE context is not available in MME also needs to be considered.
Proposal3: It’s better to keep NAS procedure and resume procedure separately.
Proposal4: If no bearer is allowed to be accepted at UE Context Resume procedure, the behaviour on eNB shall be clarified.
Proposal5: The eNB declares its CIOT capability to MME/C-SGN.

Proposal6: Solutions impact on HeNB GW case need to be analyzed.
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