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1      Introduction

The User plane solution of AS context caching referred to as solution 18 has been under discussion in SA2 and RAN2 as part of the NB-IoT work item. SA2 CR [1] has introduced the solution to be applicable to both NB-IoT and non-NB IoT UEs.
In this contribution, we provide a detailed overview of the aspects to be covered in RAN2 related to the suspend/resume procedure to support the overall completion of the work in a timely fashion. 
2      Discussion
This paper assumes that the UE is already attached (i.e. registered) and the network has configured the UE to use the UP solution and discusses the RAN procedure details related to Suspend/Resume UP procedure. In the CIoT UP solution [1], the UE needs to perform an initial connection setup to establish the NAS signalling connection and provide the UE and network with an initial AS context. When the UE transitions from RRC-Connected to RRC–IDLE state, the connection is suspended and causes the UE and the network to retain the context in RRC-IDLE mode to be used for future connections. In the connection resumption procedure, a resume connection request needs to be sent to the eNB referring to the UE's stored context. The details of this message is discussed in [2]. In the following sub-sections, we discuss the open aspects related to specifying the user plane solution in LTE as a way forward. The other general aspects related to the attach mechanism and establishment cause considering SA2 agreements are covered in [3].
2.1 RRC Suspend procedure 
The RRC Connection release procedure is preceded by S1 UE context release procedure as per legacy and it moves the UE to RRC_IDLE mode. The RRC Suspend procedure moves the UE to idle mode as well. Thus, it is preferred that the release procedure is also used for the suspending of the RRC Connection using for e.g. a context storage and suspend indication IE and a network assigned Resume ID. In NB-IoT, the release procedure has been agreed to be used for suspending the radio connection and there is no reason to use a different procedure in legacy LTE. 

The proposed connection suspend procedure for CIoT UP solution is shown below in figure 1. The definition of the legacy connection release procedure may be modified to justify that the context can be stored if notified by the eNB.

Proposal 1: RAN2 to agree that the legacy RRC Connection release message with a network assigned Resume ID can be utilized for putting the UE in suspend mode and informing the UE to store its AS context for the subsequent connection resume.
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Figure 1. RRC Suspend procedure for CIoT UP solution
2.2 RRC Resume procedure
Once the RRC connection request is received to resume a previously suspended connection [2], eNB may re-utilize the RRC connection setup message in response. However, in order to authenticate the network, a message over SRB1 is necessary in downlink. Therefore, the legacy connection setup message that goes over SRB0 cannot be directly re-utilized. A potential new message over SRB1 using the stored UE context may be necessary e.g. RRC Connection Resume Setup. Similarly, the connection setup complete message in response may not be necessary to send NAS Service request message to the network, but, to authenticate the UE (as the message contains full MAC-I) it has to be kept. It is to be noted that the UE will still continue to perform idle mode procedures while it is in suspended mode. 

Proposal 2: RAN2 to agree that the response to RRC Connection Resume Request to resume the suspended connection should be carried over SRB1 (for authenticating the network). 

Proposal 3: RAN2 to discuss and agree on the need of msg. 5 e.g. RRC Connection Resume Setup Complete to follow RRC Connection Resume Setup message when AS context reuse solution is applied for mutual authentication purpose.

The following figure provides the message for the resumption according to the discussion above.
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Figure 1. RRC Resume procedure for CIoT UP solution
2.2.1 Support of UP solution by eNBs
In legacy LTE network, we cannot assume that all the eNBs would support the UP solution. A broadcast indication of whether the current cell supports the user plane solution would be useful as the mobile suspended UE can initiate msg. 3 accordingly. As part of NB-IoT, majority of the companies prefer this indication and we think that such an indication could be provided in SIB1 [3].
Proposal 4: RAN2 to agree that eNB broadcasts its support of CIoT UP solution in SIB.
2.2.2 Resume Failure in UP solution supported cell Even with the system indication of support of UP optimization, there may be cases when the eNB may not be able to either fetch the context or support the resume procedure. In this case, the eNB may either reject the connection or redirect to perform the service request procedure. Redirecting the UE is most optimal as the purpose of the solution is primarily to reduce the signalling overhead and there is no concern related to skipping access control as it would have been applied during original connection resume request. However, it needs to be determined if and how the eNB can obtain the UE’s S-TMSI to obtain the context from the MME and proceed with the legacy connection establishment procedure. It also needs to be clarified whether UE has the option to choose between legacy connection establishment procedure or CP solution when Resume fails (even when the network advertised its support of UP solution). 
Proposal 5: RAN2 to discuss whether for msg.4, the eNB can respond with RRCConnectionSetup to setup the SRB1 for the suspended UE if Resume procedure is not possible or the AS context is deemed invalid. (i.e. RRCConnectionSetup message is sent in response to RRC Connection Resume Request message).
Proposal 6: RAN2 to agree that it is up to the NAS layer or UE implementation to choose between falling back to establishing the DRB (similar to legacy) or using CP solution for NB-IoT when Resume procedure fails in a network where UP solution is supported.
Proposal 7: RAN2 to agree that S-TMSI is sent in msg 5 to support Resume failure fallback operation (to perform connection establishment).

2.2.3 UE behavior in non-UP solution supported cell
If SIB broadcast of the support of UP solution is agreed and the suspended UE lands in a cell that does not support UP solution, the UE releases its stored UE context and initiates the legacy RRCConnectionRequest procedure. 

Proposal 8: At connection resume, the fallback procedure is UE-initiated wherein the UE releases its stored context and initiates the legacy connection establishment procedure if the cell broadcasts that it does not support UP solution.
However, on the other hand, if SIB broadcast of the support of UP solution is not agreed, the UE cannot determine whether the cell supports the UP solution or not. The fallback procedure has to be network-initiated and therefore, the eNB should at least be able to process the Resume Request message and either reject or redirect to perform legacy connection establishment. 

Proposal 9: At connection resume, the fallback procedure has to be network-initiated (either reject with a reject cause or redirect to legacy connection establishment procedure) if the cell does not broadcast its support of UP solution.
2.2.4 AS context caching and transition to idle mode If a context validity timer would not be defined after RRC is suspended, the UE behaviour could be such that it will try to resume the connection if it has been previously suspended and if the network considers the context is no longer valid, it will redirect the UE towards establishing legacy service request procedure or reject the connection resume request. The corresponding UE behaviour is to delete its own stored request.
Proposal 10:  RAN2 to agree that the UEs supporting UP solution in NB-IoT if suspended, will continue to remain in this mode until such a connection attempt when the eNB:

a) redirects the UE to perform legacy connection setup due to resume failure or 
b) rejects the resume connection request or 

c) the UE moves outside the TAI list.
2.2.5 Resume ID area scope
For CIoT, the Resume ID for UP solution has not yet been agreed. Further details related to Resume ID options is covered in [2]. However, it would be helpful to discuss the scope of the area within which this ID can be considered valid. Depending on the allowed maximum message 3 length, the Resume ID will be between 25 to 40bits, and it will not be sufficient to be globally unique. Therefore, we can make an assumption that the Resume ID is valid within a tracking area with eNBs that support UP solution and whenever a UE crosses the TA boundary, it should not use Resume operation. The assumption that the Resume ID is valid within the entire TA does not mean that the Resume operation is supported by all eNBs within the TA. However, all the eNBs should be able to recognize the Resume Request message and respond accordingly.

Proposal 11: RAN2 to agree that Resume ID is valid within the TAI list with cells that support UP solution and whenever a UE moves outside of the TAI list, Resume operation should not be used.
2.2.6 Bearer resumption
In our view the context resumption should resume the complete stored context or nothing (in which case the resume request is rejected and UE has to perform full RRC connection establishment). Therefore, it is not necessary to provide any indication within msg. 3 to support the synchronization. We agree that this was included in original SA2 documents but RAN2 need to understand if it serves any purpose before including it. Further details of this issue are discussed in [4].

Proposal 12: RAN2 to agree that bearer synchronization is not necessary for CIoT UP solution and that the resumption of a connection means that all the bearers are resumed or the context is considered invalid (no partial context resumption).

3 Conclusions and proposals
In this contribution, we discussed the considerations on the open aspects related to UP solution for LTE and have the following proposals:
Proposal 1: RAN2 to agree that the legacy RRC Connection release message with a network assigned Resume ID can be utilized for putting the UE in suspend mode and informing the UE to store its AS context for the subsequent connection resume.
Proposal 2: RAN2 to agree that the response to RRC Connection Resume Request to resume the suspended connection should be carried over SRB1 (for authenticating the network). 
Proposal 3: RAN2 to discuss and agree on the need of msg. 5 e.g. RRC Connection Resume Setup Complete to follow RRC Connection Resume Setup message when AS context reuse solution is applied for mutual authentication purpose.

Proposal 4: RAN2 to agree that eNB broadcasts its support of CIoT UP solution in SIB.
Proposal 5: RAN2 to discuss whether the eNB can respond with RRCConnectionSetup to setup the SRB1 for the suspended UE if Resume procedure is not possible or the AS context is deemed invalid. (i.e. RRCConnectionSetup message is sent in response to RRC Connection Resume Request message).
Proposal 6: RAN2 to agree that it is up to the NAS layer or UE implementation to choose between falling back to establishing the DRB (similar to legacy) or using CP solution for NB-IoT when Resume procedure fails in a network where UP solution is supported.
Proposal 7: RAN2 to agree that S-TMSI is sent in msg 5 to support Resume failure fallback operation (to perform connection establishment).

Proposal 8: At connection resume, the fallback procedure is UE-initiated wherein the UE releases its stored context and initiates the legacy connection establishment procedure if the cell broadcasts that it does not support UP solution

Proposal 9: At connection resume, the fallback procedure has to be network-initiated (either reject with a reject cause or redirect to legacy connection establishment procedure) if the cell does not broadcast its support of UP solution.

Proposal 10: RAN2 to agree that the UEs supporting UP solution in NB-IoT if suspended, will continue to remain in this mode until such a connection attempt when the eNB:

d) redirects the UE to perform legacy connection setup due to resume failure or 
e) rejects the resume connection request or 

f) the UE moves outside the TAI list..

Proposal 11: RAN2 to agree that Resume ID is valid within the TAI list with cells that support UP solution and whenever a UE moves outside of the TAI list, Resume operation should not be used.

Proposal 12: RAN2 to agree that bearer synchronization is not necessary for CIoT UP solution and that the resumption of a connection means that all the bearers are resumed or the context is considered invalid (no partial context resumption).
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