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1. 
Introduction
During RAN2#92 there was good progress on the RRC suspend/resume procedure with the following agreements on the Stage-2 principles [1]. 

	Agreements from RAN2#92:

· Agree that the UE may retain the AS context in RRC_IDLE mode for UP solution. RAN2 assumes that this enhanced RRC_IDLE state is referred to as RRC_IDLE but this may be revisited. 

· Introduce a RRC Connection Suspend procedure which is used at transition from RRC_CONNECTED to RRC_IDLE state and where the UE stores the AS context;
· We assume that at suspend – resume, security is continued. It is FFS how this is done. 
· Introduce a RRC connection resume procedure which is used at transition from RRC_IDLE to RRC_CONNECTED and where previously stored information in the UE as well as in the eNodeB is utilized to resume the RRC connection.

· The RRC suspend procedure and the RRC resume procedure may be new procedures with new messages, or may be implemented as new IEs in existing LTE procedures. This is FFS. 
· In the message to resume, the UE provides an Identifier to be used by the eNB to access the stored information required to resume the RRC Connection. Identifier FFS
· If the resume procedure fails, e.g. if the AS context is not present, we assume that the UE initiates connection setup. It is FFS if this is done in an optimized way or not. 

· It is FFS if DRB can be multiplexed with connection resume request if the granted transport block size permits.


In this contribution we present our views for the remaining Stage-2/Satge-3 details that still need to be worked out.

2. 
Discussion
In our understanding the RRC suspend/resume procedure that would be introduced for NB-IoT UEs as an optional feature can in principle also be applied to Rel-13 LTE UEs. If this is the intention then it would be logical to design common procedures for NB-IoT RAT and LTE RAT. By specifying commonality the specification impact to Rel-13 LTE specification can be minimized and Rel-13 LTE UEs can benefit from the signalling overhead reductions offered by RRC suspend/resume procedure. 
In terms of timeplan to complete the Stage-2/Stage-3 work until March 2016 there are two meeting for NB-IoT (i.e. NB-IoT Ad-hoc and RAN2#93. If the feature is to be applied to Rel-13 LTE then stable Stage-2/Stage-3 CR for NB-IoT shall be available in RAN2#93 so that similar procedures could be duplicated for Rel-13 LTE UEs. Therefore it would be logical to re-use existing LTE RRC procedures and identities as much as possible to finalize the work in remaining time.

Observation#1:  Re-use existing LTE RRC procedures and identities as much as possible for finalizing Stage-2/Stage-3 issues in time so that the RRC suspend/resume procedure can also be easily applicable to Rel-13 LTE UEs with minimum specification impact.

2.1
Open Issues
RRC States:

When the NB-IoT UE is given a suspend command the UE moves to RRC_IDLE state and stores the access stratum (AS) context. The open issue is whether there should be separate UE sub-states in RRC_IDLE when there no AS context and when there is AS context. An example UE state diagram is depicted below

[image: image1]
It seems there is no good motivation to introduce separate sub-states because from MME point of view; UE is in ECM IDLE, so common procedures (eg. Paging, Tracking area update etc) apply regardless of AS context is stored or not.

Proposal#1: From RRC point of view there are two RRC states i.e. RRC_CONNECTED and RRC_IDLE and when NB-IoT UE is given suspend command the UE moves to RRC_IDLE and transitions to RRC_CONNECTED on resume.

RRC Connection Resume and RRC Connection Suspend Proceduress
The open issue is whether resume and suspend should be new procedures or existing RRC procedures can be reused. Based on the arguments in Section 2 for the applicability of Suspsend/Resume to Rel-13 LTE UEs, it may seem logical to resue. The resume and suspend operations can be realized with following two alternatives resuing existing RRC procedures:
Option#1: Enhance RRCConnectionRequest to realize Resume and RRCConnectionRelease to realize Suspend. 
By using the spare bit in the RRCConnectionRequest message as proposed in [2] UE can indicate to the eNB that it has stored AS context for resuming the RRC connection. In [2] it is proposed that the S-TMSI in RRCConnectionRequest message can be used by the eNB as UE identifier (i.e there is no need for additional Resume ID) to identify the stored UE AS context at the eNB. Further in [2] to realize Suspend it is proposed to include an indication in the RRCConnectionRelease message to inform the UE to store the AS context. This seems straightforward with the usage of spare value from the ReleaseCause. Option1 has the least RRC impact to support suspend/resume procedures also for Rel-13 LTE UEs. However, the concern with resusing RRCConnectionRequest for Resume is the usage of the precious spare bit for an optional feature which seems not that attractive.
Observation#2: Resusing RRCConnectionRequest to realize Resume for Rel-13 LTE UEs seems not so attractive with the usage of the precious spare bit for specifying an optional feature.
Observation#3: Reusing RRCConnectionRelease to realize Suspend for Rel-13 LTE UEs with the usage of spare value from ReleaseCause seems straightforward and simple.
Option#2:  Enhance RRCConnectionReestablishmentRequest to realize Resume

In our opinion the RRC Connection Resume is in principle similar to RRC Connection Reestablishment where the SRB1 is resumed and AS security is re-activated. Therefore enhancing the RRCConnectionReestablishmentRequest message for Resume may also seem like a natural choice. Enhancing the RRCConnectionReestablishmentRequest has similar specification impact as resusing RRCConnectionRequest where the spare value from ReestablishmentCause can be used to indicate to eNB that UE has stored AS context. For the UE identifier to resume the connection ReestabUE-Identity can be used as it is. This means the UE has to retain the C-RNTI allocated from the last RRC connection when it goes to RRC_IDLE and the PCI of the cell which gives the suspend command. The combination of C-RNTI and PCI provided in the ReestabUE-Identity can be used to identify the UE context (i.e there is no need for additional Resume ID) if present in the eNB on which resume is performed. The RRC resume and RRC suspend based on RRCConnectionReestablishmentRequest and RRCConnectionRelease is shown below respectively.
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RRCConnectionReestablishmentRequest   ( ResumeIndication , C - RNTI+MAC - I )  

UE   EUTRAN  

RRCConnectionReestablishment  

RRCConnectionReestablishmentComplete  


RRC Connection Resume based on enhancement of RRCConnectionReestablishmentRequest.
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RRCConnectionRelease   ( Suspend Flag )  

UE   EUTRAN  


RRC Connection Suspend based on enhancement of RRCConnectionRelease.
The shortMAC-I ReestabUE-Identity is used as authentication token provided by the UE to resume the RRC connection. In order to calculate the token, the UE shall use the EIA-algorithm from the stored AS Security context when the suspend command was given by the cell with the following inputs: C-RNTI, PCI and Cell-ID, where PCI and C-RNTI are associated with the cell where UE had last RRC connection and Cell ID is the identity of the cell where the RRCConnectionReestablishmentRequest is sent to. This means no additional authentication token is needed as proposed in [3]. However, input from SA3 should be solicitated if the authentication token provided in RRCConnectionReestablishmentRequest is sufficient to re-activate the AS security.
Observation #4: Resusing RRCConnectionReestablishmentRequest seems attractive with the usage of the spare value from ReestablishmentCause to indicate Resume.

Observation#5: For UE identifier C-RNTI and PCI combination in ReestabUE-Identity is sufficient to identify the stored AS context of UE and shortMAC-I as authentication token for re-activating the AS security while resuming the RRC connection.
In last meeting there were concerns expressed on the exhaustion of C-RNTI space if the C-RNTI is retained by the UE for which suspend command is issued. In our opinion the C-RNTI space is quite large and RRC suspend will be issued to small percentage of Rel-13 LTE UEs in connected mode depending on the traffic pattern, mobility pattern etc. This argument is also valid for NB-IoT UEs because not all NB-IoT UEs have to support Suspend/Resume procedure.  Based on these arguments we make the following proposals:
Proposal#2: RAN2 is requested to consider the existing contents of the RRCConnectionReestablishmentRequest message for realizing the RRC Connection Resume procedure.
Proposal#3: RAN2 is requested to wait for input from SA3 to conclude on the security aspects.
Further allthough the contents of the RRCConnectionReestablishmentRequest message might be fine, we wonder if it is really preferable to use the same procedure. There are many (small) differences between the functional behaviour at normal connection re-establishment and at connection resumption for eg. at normal connection re-establishment the LTE UE stops timers T310, T312, T313 and T307, if running; while timer T311 is started, suspend all RBs except SRB0, reset MAC, release the SCell(s) if configured, apply the default physical channel configuration, release all the configurations associated with PPI, IDC, eICIC etc if configured and perform cell selection. Is this UE behaviour also desirable during connection resume where the intention is just continuing with the stored configuration?  Apart from the indication to resume the connection new re-establishment cause values such as mt-Access, mo-Signalling, mo-Data etc need to be introduced. Therefore we think it might be preferable to define a new message/procedure with the new message having the same contents like the RRCConnectionReestablishmentRequest message. With the new procedure defined for resume the specifications would be clean and the UE behviour would be distinct during normal connection re-establishment and during connection resume.
Proposal#4: RAN2 is requested to define a new message/procedure for the RRC resume such that the new message has the same contents like the RRCConnectionReestablishmentRequest message. RRC suspend to be defined resusing RRCConnectionRelease meesage by utilizing the spare value from the ReleaseCause for the suspend flag. 

3. Conclusion

Based on the above discussions, we conclude the contribution with the following observations and proposals:

Observation#1:  Re-use existing LTE RRC procedures and identities as much as possible for finalizing Stage-2/Stage-3 issues in time so that the RRC suspend/resume procedure can also be easily applicable to Rel-13 LTE UEs with minimum specification impact.

Observation#2: Resusing RRCConnectionRequest to realize Resume for Rel-13 LTE UEs seems not so attractive with the usage of the precious spare bit for specifying an optional feature.
Observation#3: Reusing RRCConnectionRelease to realize Suspend for Rel-13 LTE UEs with the usage of spare value from ReleaseCause seems straightforward and simple.
Observation #4: Resusing RRCConnectionReestablishmentRequest seems attractive with the usage of the spare value from ReestablishmentCause to indicate Resume.

Observation#5: For UE identifier C-RNTI and PCI combination in ReestabUE-Identity is sufficient to identify the stored AS context of UE and shortMAC-I as authentication token for re-activating the AS security while resuming the RRC connection.
Proposal#1: From RRC point of view there are two RRC states i.e. RRC_CONNECTED and RRC_IDLE and when NB-IoT UE is given suspend command the UE moves to RRC_IDLE and transitions to RRC_CONNECTED on resume.

Proposal#2: RAN2 is requested to consider the existing contents of the RRCConnectionReestablishmentRequest message for realizing the RRC Connection Resume procedure.
Proposal#3: RAN2 is requested to wait for input from SA3 to conclude on the security aspects.

Proposal#4: RAN2 is requested to define a new message/procedure for the RRC resume such that the new message has the same contents like the RRCConnectionReestablishmentRequest message. RRC suspend to be defined resusing RRCConnectionRelease meesage by utilizing the spare value from the ReleaseCause for the suspend flag. 
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