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1      Introduction

The CIoT CP and UP solutions agreed for NB-IoT are also being considered for support in LTE/eMTC. Therefore, it is necessary to discuss possible ways to try to achieve a mostly common ASN structure across NB-IoT and LTE/eMTC to enable the solutions. 
The main aspect is the message size limitation of RACH RRC msg. 3 in legacy LTE. In this contribution, we discuss whether it is possible to still meet the message 3 size restriction considering firstly, the UP solution’s Resume request procedure. We also discuss other aspects that affect the initial connection request message for both the solutions and propose alternative ways to address these aspects. We also provide the corresponding stage 3 text for the message 3/RRC connection (resume) request options. 
2      Discussion
This paper assumes that the UE is already attached (i.e. registered) and the network has configured the UE to use either CIoT UP solution or CP solution as applicable and discusses the RAN procedure details specifically related to RRC message 3.

In the following sub-sections we will discuss the different aspects related to RACH RRC message 3 size and contents for Resume Request and initial Connection Request. The other general aspects related to the attach mechanism and establishment cause considering SA2 agreements are covered in [1].
2.1 RRC Resume procedure and message 3 details
In the connection resumption procedure, a resume connection request needs to be sent to the eNB referring to the UE's stored context. As the CIoT user plane optimization solution is aimed to be used by both NB-IOT and non-NB-IOT UEs, the UE impact might be reduced if the existing messages (RRC Connection Request, RRC Connection Setup) are reused. Also, even though RAN1 indicated that NB-IoT physical design could support msg. 3 sizes of up to 64 bits and beyond, we might not want to consider increasing the message size of message 3 in the RACH procedure to provide a common solution for NB-IoT and LTE in general. The legacy msg. 3, RRC Connection Request, allows 48bits for RRC payload that includes a 5 bytes UE ID and the establishment cause. If a critical extension is used for RRC Connection Request to support the resume procedure, it is to be noted that the useful payload will be a bit smaller to allow support for future extensions. Further details on necessary information to be included in msg.3 are discussed in detail below.
2.1.1 UL-CCCH-message class
As part of the email discussion on RRC functions for suspend resume, different options have been considered for RRC resume request procedure over msg 3. At the same time, it is also possible to define an independent UL-CCCH-Message class for NB-IoT systems (for specification clarity, it might be necessary to call it differently, e.g. UL-CCCH-NB-Message). We understand that it is difficult to discuss LTE/eMTC within the scope of NB-IoT, but if we are simply considering this possible applicability only to eMTC, it is doable to have a new message class as the eMTC msg 3 can never be confused with a legacy msg 3. However, if we extend the CIoT CP/UP solutions to LTE in general, we need to continue to use UL-CCCH-Message class, and critically extend it.  The other possibility is to use a different message class definition for NB-IoT, eMTC and LTE but unless absolutely necessary, it would be best to maintain alignment if possible. We think that the general principle for how to extend the UL CCCH message is an important first decision to make, and it will involve at least some consideration of what is a preferred option for LTE/eMTC. 

We show below some possible options to extend LTE RRC for common message structure:

Example option 1 (critically extend RRC connection Request):

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensionsFuture


CHOICE {

             rrcConnectionRequest-r13        RRCConnectionRequest-r13-IEs,

             criticalExtensionsFuture-r13        SEQUENCE {}



}


}

}

RRCConnectionRequest-r13-IEs ::=

SEQUENCE {


ue-resumeIdentity-r13



UE-ResumeIdentity-r13,


establishmentCause-r13



EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

UE-ResumeIdentity-r13 ::=
SEQUENCE {


ueContextIdentity-r13            UEContextIdentity-r13,

    shortMAC-I-r13                   ShortMAC-I

}

Example option 2 (Using new message with class extension):

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
CHOICE {



c2






CHOICE {




rrcConnectionResumeRequest-r13

RrcConnectionResumeRequest-r13,




spare







NULL



},



messageClassExtensionFuture-r13

SEQUENCE {}


}

}

RrcConnectionResumeRequest-r13 ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionResumeRequest-IEs-r13



RrcConnectionResumeRequest-IEs-r13,



criticalExtensionsFuture        SEQUENCE {}



}

}

RrcConnectionResumeRequest-IEs-r13 ::=

SEQUENCE {


ue-resumeIdentity-r13



UE-ResumeIdentity-r13,


resumptionCause-r13




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

UE-ResumeIdentity-r13 ::=
SEQUENCE {


ueContextIdentity-r13            UEContextIdentity-r13,

    shortMAC-I-r13                   ShortMAC-I

}
Proposal 1: RAN2 to discuss the critical extension of UL-CCCH message for RRC Connection (Resume) request for LTE/eMTC.
2.1.2 Resume ID
As per the adhoc meeting, it has been decided that the resume ID to be used in request message would be C-RNTI and not S-TMSI. This is similar to the RRC connection re-establishment procedure, however, the cell ID has not yet been discussed. The PCI currently used as part of re-establishment is not be unique and therefore a new ID needs to be considered to aid in true mobility across cells. We propose a bit string that is assigned by the network when the UE is put in Suspend state. This is echoed back in the Resume.  This we believe is simple for the UE, simple to specify and provides the maximum flexibility for the network. It is shown as per below.
UE-ContextIdentity-r13 ::=           SEQUENCE {

    c-RNTI                               C-RNTI,

    oldCellId                            BIT STRING (SIZE (8))

)

Proposal 2: RAN2 to agree that a ID is provided by the network as “cell/eNB” ID.  The UE echoes back this bit string at Resume request.
2.1.3 Resume MAC
SA3 is already working on security procedure for the overall UP solution and will provide their recommendation. While we are waiting on SA3 input, RAN2 could discuss whether the short-MAC-I used within the RRC connection re-establishment procedure could be also utilized for support of solution 18 as well. The UE could calculate the short-MAC-I as with re-establishment. Unless SA3 feels this is not sufficient, we think re-using existing mechanisms should be the baseline. 
Proposal 3: RAN2 to consider including short-MAC-I as part of the RRC Connection (Resume) Request message for identification and verification of the UE.  Short-MAC-I is calculated as today.
2.1.4 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 [2].
2.2 Other message 3 aspects

In this section, we discuss other message 3 contents that were brought up and apply to initial RRC connection request (not Resume request) for either both solutions or only CP solution.
2.2.1 Single tone and multi tone support indication

As per our understanding of RAN decision, the specification should provide for UEs to support only multi-tone and only single-tone, especially considering that the physical structures for single- vs. multi- tone may be different. Since the network needs to know what the UE is using already for message 3, it would be necessary to provide this indication in PRACH itself potentially through partitioning of the PRACH resource. However, this option should be concluded in RAN1 and we should wait for their input. 
Proposal 4: RAN2 to wait for RAN1 feedback on using PRACH resource partitioning for indication of single/multi tone. 
2.2.2 PDCP transparent mode indication

PDCP for NB-IoT could operate in a transparent mode on SRB1 for sending data over C plane (using solution 2). If it is considered essential for this purpose, it would only be necessary for the indication to be added to initial RRC Connection Request (and not needed for Resume or Reestablishment Request). If this indication is only supported for NB-IoT, this indication may be implicit or a UE using CP solution can include an indicator within the RRC Connection Request message that informs that network that PDCP TM will be used on SRB1 But, if the CP solution is adopted for eMTC/LTE as well, then the same proposal for a PDCP TM could be considered and a solution that does not increase message 3 size needs to be used. Further details of indicating PDCP TM/non-TM support are discussed in [3]. 
Proposal 5: RAN2 to consider solutions other than extending RRC message 3 for the purpose of reporting support of PDCP-TM mode 
2.2.3 CP/UP data volume indication

For the data volume indication we think that the CP and UP solutions should be considered separately. For the UP solution, we think the simplest approach is for the UE to include a BSR which could be built by MAC based on the AS configuration that is about to be resumed.  This BSR would only be included if the eNB provides a msg3 grant that is large enough to accommodate it. 

For the CP solution, we think that different approaches could be taken; such as the indication could simply be a single bit, for example an indication that the NAS PDU to be transmitted is above or below a threshold. It is to be noted that the indication would not need to be included either for Resume or Reestablishment Request. 

Proposal 6: RAN2 to consider using a traditional BSR indication for user plane solution if sufficient grant is available to indicate it.

Proposal 7: RAN2 to discuss including an indication for CP data volume in RRC message 3 (for data over CP) using solutions other than extending the message e.g. a spare bit within MAC subheader.
3 Conclusions and proposals
In this contribution, we discussed the considerations on message 3 contents for NB-IoT and have the following proposals:
Proposal 1: RAN2 to discuss the critical extension of UL-CCCH message for RRC Connection (Resume) request for LTE/eMTC.
Proposal 2: RAN2 to agree that a ID is provided by the network as “cell/eNB” ID.  The UE echoes back this bit string at Resume request.  

Proposal 3: RAN2 to consider including short-MAC-I as part of the RRC Connection (Resume) Request message for identification and verification of the UE.  Short-MAC-I is calculated as today.

Proposal 4: RAN2 to wait for RAN1 feedback on using PRACH resource partitioning for indication of single/multi tone. 
Proposal 5: RAN2 to consider solutions other than extending RRC message 3 for the purpose of reporting support of PDCP-TM mode 
Proposal 6: RAN2 to consider using a traditional BSR indication for user plane solution if sufficient grant is available to indicate it.

Proposal 7: RAN2 to discuss including an indication for CP data volume in RRC message 3 (for data over CP) using solutions other than extending the message e.g. a spare bit within MAC subheader.
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