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1 Introduction
After the RAN2 NB-IoT adhoc meeting, there was an email discussion to summarize required functionality for resume – suspend for UP solution and also an email discussion on Msg3 size. Besides those, some other issues will be analyzed further in this paper.
2 Discussion
2.1 Issue #1: Msg4 for resume procedure

In the email discussion about required functionality for resume – suspend for UP solution, we have suggested reusing the existing RRC Connection Setup procedure. In line with this, we prefer to reuse the RRCConnectionSetup(Msg4) to perform the resume response. In the legacy LTE, on reception of the RRCConnectionSetup by the UE, the UE will perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and then send RRCConnectionSetupComplete message to eNB. Since we assume the UE and eNB already have the available resource configuration during the resume procedure, the radioResourceConfigDedicated may be not so necessary in the normal case. However, the radioResourceConfigDedicated is a mandatory IE in the legacy RRCConnectionSetup message. In order to reduce the message size as much as possible, we see the following alternatives to generate the RRCConnectionSetup message in NB-IoT:
Alternative 1a: Considering that all the information elements in the radioResourceConfigDedicated IE are optional, if the eNB successfully retrieves the stored AS context after receiving the resume request, it can send RRCConnectionSetup message with an empty radioResourceConfigDedicated IE. If the eNB wants to do delta radio configuration (on top of the one stored in the AS context), it can set the delta content in the radioResourceConfigDedicated IE.
Alternative 1b: By critical extension, we can define a new rrcConnectionSetup-r13 which includes an optional radioResourceConfigDedicated IE.
The alternative 1a is straightforward and can be done without any specification modification. We then prefer to use the alternative 1a.
Another aspect to clarify is that the lack of/an empty radioResourceConfigDedicated IE in the RRCConnectionSetup message means that the UE should follow the configuration stored in the AS context and not the default configuration. Similarly, if there are some information elements in the radioResourceConfigDedicated IE, they provide a delta configuration on top the one stored in the AS context (and not based on the default configuration).
Proposal 1a: In the resume procedure, if the eNB successfully retrieves the stored AS context after it receives the resume request, it can send RRCConnectionSetup message with an empty radioResourceConfigDedicated IE. In this case the UE should follow the configuration stored in the AS context.
Proposal 1b: If the eNB wants to perform delta radio configuration on top of the one stored in the AS context, it can set the delta content in the radioResourceConfigDedicated IE.

2.2 Issue #2: Msg5 for resume procedure
In the email discussion, we generally suggested reusing the existing RRC Connection Setup procedure also including the reuse of RRCConnectionSetupComplete message. 

In the legacy LTE, the UE will unconditionally generate and send the RRCConnectionSetupComplete message after it receives the RRCConnectionSetup message. However in the resume procedure, if the eNB has no delta radio configuration to perform, there’s really no need for the UE to send the RRCConnectionSetupComplete message, especially considering that transmitting an additional uplink message will cause more power consumption. In order to avoid any unnecessary signalling overhead, we suggest conditionally sending RRCConnectionSetupComplete message in the NB-IoT.

We also have the following two alternatives to achieve this:

Alternative 2a: Define a new indicator in the RRCConnectionSetup message (Msg4) to indicate whether the UE should reply with the RRCConnectionSetupComplete message to the eNB after resuming the AS context.
Alternative 2b: The radioResourceConfigDedicated IE can act as an implicit indication to indicate whether the UE should reply with the RRCConnectionSetupComplete message to the eNB after resuming the AS context. That is, if the radioResourceConfigDedicated IE is empty, there is no need for the UE to send the RRCConnectionSetupComplete message; otherwise, the UE should send this message to confirm that it has handled the delta radio configuration.
The alternative 2b implies a simpler specification modification, so we prefer to use alternative 2b.

Proposal 2: The radioResourceConfigDedicated IE in the RRCConnectionSetup message can act as an implicit indication to indicate whether the UE should send the RRCConnectionSetupComplete message to the eNB after resuming the AS context: if there are no IEs within radioResourceConfigDedicated IE, then UE will not transmit the RRCConnectionSetupComplete message, otherwise it will.
2.3 Issue #3: Resumption of AS context and UE context in core network
In the general understanding of UP solution, the eNB will complete the resumption of AS context and then trigger the resumption of UE context in the core network by using the S1 interface. However, in the abnormal scenarios of resumption failure of UE context in the core network or failure on S1 interface, the eNB should release the RRC connection that was resumed just a moment before. The release procedure would then cause additional signaling. 

Considering the signaling overhead is more critical than the connecting latency, and the resumption of the UE context in the core network by using the S1 interface may be simple and fast, we propose to simultaneously resume the AS context and the UE context in the core network.
The normal case of such procedure is shown in figure 1, while the abnormal case is shown in figure 2.
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Figure 1: Normal procedure for simultaneous resumption over Uu and S1.
At the step 3, if the eNB successfully retrieves the stored AS context after receiving the RRCConnectionRequest with ResumeID, it firstly send a S1 resume request to trigger the resumption of the UE context in the core network. The UE should use an extended timer to wait for RRCConnectionSetup message.
If the UE context in the core network is successfully resumed at step 4 and step5, then the eNB will send the RRCConnectionSetup message to confirm the successful resumption.
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Figure 2: Resumption failure
If resumption of the UE context in the core network fails at step 4 and step5, then the eNB will send the RRCConnectionReject message to indicate the failure of the resumption.
Proposal 3: To simultaneously resume the AS context and the UE context in the core network to reduce the signaling overhead in resumption failure cases.

3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1a: In the resume procedure, if the eNB successfully retrieves the stored AS context after it receives the resume request, it can send RRCConnectionSetup message with an empty radioResourceConfigDedicated IE. In this case the UE should follow the configuration stored in the AS context.
Proposal 1b: If the eNB wants to perform delta radio configuration on top of the one stored in the AS context, it can set the delta content in the radioResourceConfigDedicated IE.

Proposal 2: The radioResourceConfigDedicated IE in the RRCConnectionSetup message can act as an implicit indication to indicate whether the UE should send the RRCConnectionSetupComplete message to the eNB after resuming the AS context: if there are no IEs within radioResourceConfigDedicated IE, then UE will not transmit the RRCConnectionSetupComplete message, otherwise it will.
Proposal 3: To simultaneously resume the AS context and the UE context in the core network to reduce the signaling overhead in resumption failure cases.

4 Reference

[1] NBAH#04 RRC Functions for suspend - resume






_1516206001.vsd
UE


eNB


CN


1. Msg1: Preamble


2. Msg2: RAR


3. Msg3: RRCConnectionRequest
(ResumeID)


6. Msg4: RRCConnectionSetup


7. Msg5: RRCConnectionSetupComplete


4. S1: Resume Request


5. S1: Resume Response


Timer



_1516206578.vsd
UE


eNB


CN


1. Msg1: Preamble


2. Msg2: RAR


3. Msg3: RRCConnectionRequest
(ResumeID)


6. Msg4: RRCConnectionReject


4. S1: Resume Request


5. S1: Resume Failure


Timer



