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1 Introduction
In NB-IoT adhoc meeting, the content of Msg3 was discussed but no conclusion about the exact contents for Msg3. This paper discusses the content of Msg3 and calculates the exact size of Msg3 assuming a brand new ASN.1 file will be used for NB-IoT.
2 Discussion

2.1 In LTE

In LTE, several messages can be as Msg3 e.g. RRCConnectionRequest, RRCConnectionReestablishment etc. The largest Msg3 is RRCConnectionRequest message. The ASN.1 format for RRCConnectionRequest message is as follows:
-- ASN1START
UL-CCCH-Message ::= SEQUENCE {

    message                   UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {

    c1                        CHOICE {

         rrcConnectionReestablishmentRequest         RRCConnectionReestablishmentRequest,

         rrcConnectionRequest                   RRCConnectionRequest

    },

    messageClassExtension SEQUENCE {}

}

-- ASN1STOP

-- ASN1START
RRCConnectionRequest ::=           SEQUENCE {

    criticalExtensions                     CHOICE {

         rrcConnectionRequest-r8                RRCConnectionRequest-r8-IEs,

         criticalExtensionsFuture           SEQUENCE {}

    }

}

RRCConnectionRequest-r8-IEs ::=        SEQUENCE {

    ue-Identity                            InitialUE-Identity,

    establishmentCause                     EstablishmentCause,

    spare                                  BIT STRING (SIZE (1))

}

InitialUE-Identity ::=                 CHOICE {

    s-TMSI                                 S-TMSI,

    randomValue                            BIT STRING (SIZE (40))

}

EstablishmentCause ::=                 ENUMERATED {

                                            emergency, highPriorityAccess, mt-Access, mo-Signalling,

                                            mo-Data, delayTolerantAccess-v1020, spare2, spare1}

-- ASN1STOP

The message size in RRC layer is 48bits as follows:

-
1 bit for selection between C1 and messageClassExtension;
-
1 bit for selection between rrcConnectionReestablishmentRequest and rrcConnectionRequest;
-
1 bit for selection between rrcConnectionRequest-r8 and criticalExtensionsFuture;
-
1 bit for selection between s-TMSI and randomValue;
-
40 bits for ue-Identity;
-
3 bits for establishmentCause;
-
1 bit for spare bit.
Considering one byte (8 bits) MAC header, the message size in MAC layer is 56 bits.

2.2 Additional information needed for NB-IoT
When UE establishes RRC connection, the RRCConnectionRequest message is used for both CP and UP solutions and the format of this message would be common.
The following fields in LTE are maintained in RRCConnectionRequest and the total size would be 47 bits:

-
1 bit for selection between C1 and messageClassExtension;
-
1 bit for selection between rrcConnectionReestablishmentRequest and rrcConnectionRequest;
-
1 bit for selection between rrcConnectionRequest-r8 and criticalExtensionsFuture;
-
1 bit for selection between s-TMSI and randomValue;
-
40 bits for ue-Identity;
-
3 bits for establishmentCause;
As described in [1], one bit for CP/UP indication can be useful at the eNB in order to setup the RRC connection accordingly (e.g. PDCP PDU formats, L2/L3 configuration …) especially in the CP solution where the data will be transmitted in Msg5.
At RAN2 NB-IoT adhoc meeting, it has also been agreed that, for the purpose of Msg3 size determination, one bit for single-tone/multi-tone capability indication is assumed included in Msg3. 

In addition it has also been agreed that a data volume indication, which indicates the data volume for subsequent transmission(s) is sent in Msg3. In LTE BSR is used to indicate the data volume, and normally BSR MAC control element contains 2 bits LCG ID and 6 bits buffer status. In NB-IoT, the LCG ID is not applicable since at most one DRB is supported. And if the MAC BSR is used to carry the data volume indication in Msg3, a MAC header has to be included and the spare bits can not be used for other purpose. Therefore, including the data volume indication in RRC message is more efficient. From the sourcing companies’ point of view, the data volume indication does not need so many bits as in LTE, as in NB-IoT the data size for the UL transmission is very small and there are fewer modulation and TBS types than in LTE. 4 bits seem enough for data volume indication. 
According to the above analysis, the following fields can be added in RRCConnectionRequest for NB-IoT:
· 1 bit for ST/MT indication;
· 1 bit for CP/UP indication;
· 4 bit data volume indication.
By adding these 6 bits, the total size would be 53 bits. As we also need 8-bit MAC header, there will be 3 spare bits remaining assuming 64 bits for Msg3.

In the sourcing companies’ understanding the above contents are common for both CP solution and UP solution.
Proposal 1: In addition to the original contents, the following information should be included in Msg3:
· 1 bit for ST/MT indication;

· 1 bit for CP/UP indication;

· 4 bit data volume indication.

2.3 For RRC resume and RRC reestablishment in NB-IoT (UP only)
In the UP solution Msg3 can also carry the RRCConnectionReestablishment to recover from RLF and the RRC resume request message to resume the RRC connection. 
The details on resume ID was discussed in email discussion [2]. From the sourcing companies’ point of view, it is sufficient to use C-RNTI (16bits) plus PhysCellId (9bits) as the resume ID. This is because in general operators will only configure the X2 interface between two neighbouring eNBs and only in this case the target eNB can successfully fetch the UE context from the source eNB after the RRC resumption in the target eNB. Using of PhysCellId can unambiguously identify a cell among all the neighbouring eNBs, which has already been justified in the existing RRC connection re-establishment procedure. In addition, short MAC-I (16bits) needs to be included in the resume ID as the authentication token for RRC resume. Therefore, the total size of the resume ID is 41 bits. 
As proposed in email discussion [3], for the UP solution, bearerInd (4bits) needs to be included in the RRC resume request message. From the sourcing companies’ point of view, the bearerInd is not needed. In case of tracking area update, as a simplest and logical procedure, the UE shall first resume the RRC connection and then use the ULInformationTransfer message to deliver the NAS PDU for tracking area update.
Based on the above analysis, the following fields are needed in RRC resume request message (here, we assume that the RRCConnectionRequest message is reused to resume the RRC connection, which yet to be agreed by RAN2):

-
1 bit for selection between C1 and messageClassExtension;
-
1 bit for selection among rrcConnectionReestablishmentRequest and rrcConnectionRequest
-
1 bit for selection between rrcConnectionRequest-r8 and criticalExtensionsFuture;
-
2 bit for selection between s-TMSI, randomValue, and resume ID;
-
41 bits for resume ID;
-
3 bits for establishmentCause;
And the following fields described in Section 2.2 are also needed:
· 1 bit for ST/MT indication

· 1 bit for CP/UP indication

· 4 bit data volume indication

In this case, together with a 8 bits length MAC header, the total size is 63 bits, which can fit into a 64-bit Msg3.
In addition the RRCConnectionReestablishment message is assumed to be reused. Therefore the Msg3 size carrying reestablishment information will not exceed 64 bits limitation. 
Proposal 2: 64-bit Msg3 size is sufficient.
3 Summary
This paper discusses the Msg3 size for both CP solution and UP solution, and raises the following proposals:
Proposal 1: In addition to the original contents, the following information should be included in Msg3:
· 1 bit for ST/MT indication;

· 1 bit for CP/UP indication;

· 4 bit data volume indication.

Proposal 2: 64-bit Msg3 size is sufficient.
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