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1 Introduction
In NB-IoT adhoc meeting, Msg3 was discussed but no conclusion was made about the exact contents and message structure for Msg3. This paper focuses on these 2 aspects and provides details of the message structure.
2 Message structure of msg3
2.1 CP transfer mode 
If CP transfer mode is used, the r8 RRC Connection Request message  can be used without changes and specifically without any critical extension. We simply need replace one of the spare bits in establishment cause with “exceptionReport”.
2.2 UP transfer mode
If UP transfer mode is used, 3 use cases should be considered in msg3:
· RRC connection request when the UE performs  initial access: 
In this case the r8 RRC Connection Request message can be used, with no need to introduce structural changes. Simply one of the spare bits in establishment cause needs to be replaced with “exceptionReport”;
· RRC connection re-establishment when the UE recovers the access from RLF: 
In this case the r8 RRC Connection Reestablishment request message can be used, with no need for changes;
· RRC connection resumption when the UE wants to resume a suspended connection: In this case a new R13 message or IEs need to be introduced.

In the email discussion NBAH#04, 3 alternatives were discussed for the RRC connection resume procedure:
· Alt1: Reuse RRC connection request procedure;
· Alt2: Reuse RRC reestablishment procedure:
· Alt3: Define a new RRC message structure in UL-CCCH for RRC resumption.
Considering the RRC resumption procedure is used to ask for a new RRC connection, not a recover from RLF, we believe it’s not reasonable to reuse the RRC reestablishment procedure for RRC resumption. We then compare pros and cons of the remaining two alternatives, i.e. alt1 and alt3.
In the following we provide examples of the possible message structures for alt1 and alt3, and the corresponding message sizes.
· Alt1: Example of reusing RRC connection request procedure for Resumption
UL-CCCH message

-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
SEQUENCE {}

}

-- ASN1STOP

RRC connection request

-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



criticalExtensions-r13



CHOICE {




rrcConnectionRequest-r13


RRCConnectionRequest-r13-IEs



criticalExtensionsFuture


SEQUENCE {}


}

}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

RRCConnectionRequest-r13-IEs ::=
SEQUENCE {


ue-Identity






InitialUE-Identity-r13,


establishmentCause




EstablishmentCause-r13,


spare







BIT STRING (SIZE (N))
-- FFS

}
InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}

InitialUE-Identity-13 ::=


SEQUENCE {


c-RNTI







C-RNTI,

physCellId






PhysCellId,


shortMAC-I






ShortMAC-I

}

EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, 











mo-Signalling, mo-Data, delayTolerantAccess-v1020,











spare2, spare1}

EstablishmentCause-r13 ::=


ENUMERATED {











mt-Access, mo-Signalling,











mo-Data, exceptionalReport}

-- ASN1STOP

· Alt3: Example of Defining a new RRC message structure for Resumption

UL-CCCH message

-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest,


},


messageClassExtension
CHOICE {



c2





CHOICE {




rrcConnectionResumeRequest



RRCConnectionResumeRequest,




spare








NULL



},



messageClassExtensionFuture-r13


SEQUENCE {}


}

}

-- ASN1STOP

RRC connection resume request: a new introduced message structure

-- ASN1START

RRCConnectionResumeRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionResumeRequest-r13



RRCConnectionResumeRequest-r13-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}
RRCConnectionResumeRequest-r13-IEs ::=

SEQUENCE {


resumeIdentity





ResumeIdentity,


resumeCause






ResumeCause,


spare







BIT STRING (SIZE (N))

}

Resume-Identity- ::=


SEQUENCE {


c-RNTI







C-RNTI,

physCellId






PhysCellId,


shortMAC-I






ShortMAC-I

}

ResumeCause ::=



ENUMERATED {











mt-Access, mo-Signalling,











mo-Data, exceptionReport}
}

-- ASN1STOP

From the above examples, we believe that alt1 is more beneficial, where the pros at least include: 
· Procedural aspects: 
RRC resume is essentially asking for a RRC connection establishment, so from a procedural point of view it's reasonable to treat it as a quick/simplified RRC connection establishment. So it's natural to define this resume message within the RRC connection request message instead of introducing an independent branch;
· Less specification impacts: 
Alt1 doesn't need to introduce new CHOICE structure in UL-CCCH, fewer new IEs will be introduced, no independent procedure will be introduced, the current RRC connection reject could also be reused for abnormal or failure scenarios.
· Low complexity: the AS-NAS interaction can be re-used;
· no additional overhead compared with alt3 (see Table 1);
Table 1. Message size comparison for alt1 and alt3:

	Alt1: Reusing RRC connection request
	Alt3: Define a new RRC message structure

	UL-CCCH-Message 
	
	UL-CCCH-Message 
	

	Message type
	1
	Message type
	2

	messageClassExtension
	1
	messageClassExtension
	1

	RRCConnectionRequest
	
	RRCConnectionResumeRequest
	

	criticalExtensions
	2
	criticalExtensions
	1

	InitialUE-Identity-r13
	41
	resume-Identity
	41

	establishmentCause-r13
	2
	resumeCause
	2

	spare
	N
	spare
	N

	MAC header
	
	MAC header
	

	MAC subheader
	8
	MAC subheader
	8

	SUBTOTAL
	55+N
	SUBTOTAL
	55+N


For all above reasons, it's proposed to use alt1.

Proposal1: Reuse RRC connection request procedure for resumption instead of introducing an independent RRC connection resumption procedure.
Based on the above description, we further suggest that:
Proposal2a: For the resume ID, C-RNTI (16 bits) and PCI (9 bits) are enough. 

Proposal2b: For resumption, the Establishment Cause could be reduced to 2 bits to cover the cases identified for NB-IoT. FFS whether an additional bit should be added for future use.
3 Other possible information needed in Msg3
3.1 Single-/multi-tone support

The intention of this indication is to assist msg5 or UL data scheduling in case the NB-IoT UE supports multi-tone transmission.
The need for this is however subject to RAN1 discussion where, for instance, it’s also suggested that implicit single/multi-tone support indication can be done via differentiation of PRACH resources. It should also be noted that in any case this indication might only be needed during the initial access case (in the resume case it’s not needed, i.e. this capability can be stored in context).
If the need for an explicit indication in msg3 will be confirmed, from RAN2 perspective, the following issues need to be addressed:
· What kind of indication is needed:

Since only multi-tone UEs need this indication to improve msg5/UL data scheduling efficiency, the indication could be provided by a single bit defining whether multi-tone is supported or not;
· Where to place this indication? MAC or RRC?
From entity perspective this indication should be handled by MAC, so adding this indication in MAC instead of RRC can reduce the interaction of MAC/RRC and save the spare bits in the RRC msg. 
Proposal3a: RAN2 should wait a decision from RAN1 on whether to introduce Single-/multi-tone indication. 
Proposal3b: If an indication is needed, it should be a single bit defining whether multi-tone is supported or not.
Proposal3c: If an indication is needed, it could be put in MAC (rather than in RRC).
3.2 Configured CP/UP transfer mode
It has been suggested to introduce a (single-bit) indication in the RRC Connection Request message to indicate whether the NB-IoT UE is configured to use CP or UP transfer mode, to determine whether/how PDCP (i.e. whether PDCP header is required) should be configured for SRB1. 
However we don’t see the need for this. In our understanding, both the network and the UE can assume that there will not be AS security before AS security is eventually activated (only in case of UP transfer mode), that is to say, no matter which mode (CP mode or UP mode) the UE supports or has been configured to use, the UE and the network always operate “in CP mode” before AS security is activated, which means that for SRB1, PDCP is always transparent before AS security is (eventually) activated.

Proposal4: There's no need to introduce a “CP/UP configured” indication in msg3.
3.3 CP and UP Data volume indication/Buffer status report
It has been agreed that a data volume indication of subsequent transmission can be sent in msg3. In general, such indication could be placed in MAC or in the RRC message. In the following, pros and cons of each method are discussed. 
Data volume in RRC message: 

This approach looks easy but it consumes important bits in the RRC message, so that the msg3 size would exceed 56bits. Another problem is that the data volume should be handled by the MAC entity, therefore sending it in RRC will increase the MAC/RRC interaction complexity.
Data volume in MAC CE:

A more natural approach is to include a MAC CE in msg3. This would add 1 byte leading to an overall msg3 size of 64 bits (also including the MAC subheader), i.e. still in line with the current RAN1 assumption. The details of the MAC subheader and new MAC CE could be as follows. 
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Figure 1: Adding BSR MAC CE in msg3
The current BSR MAC CE would be reused without changes. One reserved bit in CCCH MAC-subheader could be used to indicate the BSR MAC CE instead of adding a BSR mac-subheader, e.g. (see figure 1) the first R bit of CCCH-MAC-subheader is redefined as ‘M” bit, where M=1 represent that msg3 carrying one more byte BSR MAC CE after the mac subheader, M=0 means no BSR MAC CE in msg3.
Data volume in MAC sub-header:
In NB-IoT scenario, the R/F2/E field in CCCH-SDU mac-subheader are not so useful in msg3. These 3bits could then be considered to indicate the data volume (3bits may be enough considering that the data volume in NB-IoT is not huge). In this way it is possible to ensure that the size of msg3 does not exceed 56bits. In this case, in order to indicate the existence of a data volume indication in MAC sub-header, a new LCID may need to be defined.
Proposal5: Data volume indication should be included in MAC, either in MAC CE or in MAC sub-header.
4 Conclusion

Proposal1: Reuse RRC connection request procedure for resumption instead of introducing an independent RRC connection resumption procedure.

Proposal2a: For the resume ID, C-RNTI (16 bits) and PCI (9 bits) are enough. 

Proposal2b: For resumption, the Establishment Cause could be reduced to 2 bits to cover the cases identified for NB-IoT. FFS whether an additional bit should be added for future use.
Proposal3a: RAN2 should wait a decision from RAN1 on whether to introduce Single-/multi-tone indication. 

Proposal3b: If an indication is needed, it should be a single bit defining whether multi-tone is supported or not.
Proposal3c: If an indication is needed, it could be put in MAC (rather than in RRC).
Proposal4: There's no need to introduce a “CP/UP configured” indication in msg3.
Proposal5: Data volume indication should be included in MAC, either in MAC CE or in MAC sub-header.
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