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1 Introduction
At RAN2#93bis meeting, it has been agreed that “1500 octets max PDU size for application layer, both for IP and Non-IP, for UL and DL, both for CIOT CP optimization (NAS SDU) and UP optimizations (PDCP SDU). The resulting limitation regarding PDCP SDU size will also be applicable to SRB”. However the maximum size of PDCP SDU is still FFS. In 36.323 running CR [1], there is an editor’s note “RAN2 discussed maximum size of PDCP SDU and agreed to support [1500 + NAS overhead + RRC overhead]”. In this paper we discuss the NAS overhead and RRC overhead, and then deduce the maximum size of PDCP SDU.
2 Discussion
2.1 NAS overhead
Based on the latest agreements in CT1 on the NAS messages used for the CIoT data transfer (see CT1 agreed CRs C1A160118 [2] and C1A160119 [3]), in the worst case for NB-IoT, the CIoT user data is transported in the ways as below:

(1) The CIoT user data is carried in the value field of the User data container IE;

(2) The whole User data container IE is then included in the ESM DATA TRANSPORT message;

(3) The whole ESM DATA TRANSPORT message is then encapsulated into the value field of the ESM message container IE;
(4) The whole ESM message container IE is then included in the DATA SERVICE REQUEST message;
(5) The whole plain DATA SERVICE REQUEST message is then included in an integrity protected and partial ciphered NAS message;

(6) Finally, the UE NAS layer sends the security protected NAS message to the lower layers for transmission.

Based on the related NAS messages and IEs format given in the Annex A (the overhead was highlighted by Yellow), the maximum NAS overhead for CIoT user data transfer can be calculated as below:
	Security protected NAS message header 
	6 octets

	Plain DATA SERVICE REQUEST message header and other IEs than ESM message container IE
	8 octets

	ESM message container IE header
	3 octets

	ESM DATA TRANSPORT message header and other IEs than User data container IE
	4 octets

	User data container IE header
	3 octets

	Total
	24 octets


From above table, in the worst case, the maximum NAS overhead for CIoT user data transfer can be up to 24 octets.
2.2 RRC overhead
In NB-IoT, there are three typies of RRC messages can carry NAS PDU, i.e., RRCConnectionSetupComplete, ULInformationTranfer, DLInformationTransfer. 
According to 36.331 CR [4], the RRC overhead of RRCConnectionSetupComplete message is 13 octets as shown below.
RRCConnectionSetupComplete-NB message
-- ASN1START
RRCConnectionSetupComplete-NB ::=
SEQUENCE {


rrc-TransactionIdentifier



RRC-TransactionIdentifier,




2 bits

criticalExtensions





CHOICE{









1 bit



rrcConnectionSetupComplete-r13

RRCConnectionSetupComplete-NB-r13-IEs,




criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-NB-r13-IEs ::= SEQUENCE {


selectedPLMN-Identity-r13



INTEGER (1..maxPLMN-r11),




3 bits

s-TMSI-r13







S-TMSI






OPTIONAL,
40 bits

registeredMME-r13





RegisteredMME




OPTIONAL,
48 bits

dedicatedInfoNAS-r13




DedicatedInfoNAS,

attachWithoutPDN-Connectivity-r13

ENUMERATED {true}



OPTIONAL,
1 bit

up-CIoT-EPS-Optimisation-r13


ENUMERATED {true} 



OPTIONAL,
1 bit

lateNonCriticalExtension



OCTET STRING




OPTIONAL,
8 bits

nonCriticalExtension




SEQUENCE {}





OPTIONAL

}

-- ASN1STOP
RRC overhead of UL/DL InformationTransfer is 2 octets.
ULInformationTransfer-NB message
-- ASN1START

ULInformationTransfer-NB ::=    SEQUENCE {

    criticalExtensions                 CHOICE {











1 bit
           ulInformationTransfer-r13       ULInformationTransfer-NB-r13-IEs,              

           criticalExtensionsFuture    SEQUENCE {}

    }

}

ULInformationTransfer-NB-r13-IEs ::=   SEQUENCE {

    dedicatedInfoNAS-r13               DedicatedInfoNAS,

    lateNonCriticalExtension           OCTET STRING                OPTIONAL,             8 bits
    nonCriticalExtension               SEQUENCE {}                     OPTIONAL

}

-- ASN1STOP

DLInformationTransfer-NB message
-- ASN1START

DLInformationTransfer-NB ::=    SEQUENCE {                                                          

    rrc-TransactionIdentifier          RRC-TransactionIdentifier,





2 bits
    criticalExtensions                 CHOICE {










1 bit
       c1                              CHOICE {










1 bit
           dlInformationTransfer-r13       DLInformationTransfer-NB-r13-IEs,

           spare1 NULL

       },

       criticalExtensionsFuture        SEQUENCE {}

    }

}

DLInformationTransfer-NB-r13-IEs ::=   SEQUENCE {

    dedicatedInfoNAS-r13               DedicatedInfoNAS,

    lateNonCriticalExtension           OCTET STRING                OPTIONAL,             8 bits

    nonCriticalExtension               SEQUENCE {}                     OPTIONAL

}

-- ASN1STOP

Therefore the maximum RRC overhea of PDCP SDU is 13 octets.
2.3 PDCP SDU Size
According to the analysis in Section 2.1 and Section 2.2, the maximum size of PDCP SDU = 1500 + 24 + 13 = 1537 octects. 
For PDCP control PDU, although it is normally smaller than PDCP SDU the same maximum size can be used like in legacy LTE.
Proposal: The maximum size of PDCP SDU and PDCP control PDU is 1537 octets in NB-IoT.
3 Conclusion

This paper discusses the maximum size of PDCP SDU, and proposes the following proposal.
Proposal: The maximum size of PDCP SDU and PDCP control PDU is 1537 octets in NB-IoT.
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Annex A: NAS messages and IEs format
1. General message format (copied from TS 24.301 subclause 9.1):

Within the protocols defined in the present document, every message, except the SERVICE REQUEST message, is a standard L3 message as defined in 3GPP TS 24.007 [12]. This means that the message consists of the following parts:

1)
if the message is a plain NAS message:

a)
protocol discriminator;

b)
EPS bearer identity or security header type;

c)
procedure transaction identity;

d)
message type;

e)
other information elements, as required.

2)
if the message is a security protected NAS message:

a)
protocol discriminator;

b)
security header type;

c)
message authentication code;

d)
sequence number;

e)
plain NAS message, as defined in item 1.
The organization of a plain NAS message is illustrated in the example shown in figure 9.1.1.

	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS bearer identity 
or Security header type
	Protocol discriminator
	octet 1

	Procedure transaction identity
	octet 1a*

	Message type
	octet 2

	
	octet 3

	Other information elements as required
	

	
	octet n


Figure 9.1.1: General message organization example for a plain NAS message

The organization of a security protected NAS message is illustrated in the example shown in figure 9.1.2.

	8
	7
	6
	5
	4
	3
	2
	1
	

	Security header type
	Protocol discriminator
	octet 1

	
	octet 2

	Message authentication code
	

	
	

	
	octet 5

	Sequence number
	octet 6

	
	octet 7

	NAS message
	

	
	octet n


Figure 9.1.2: General message organization example for a security protected NAS message

2. DATA SERVICE REQUEST message format (copied from C1A160118):

Table 8.2.x.1: DATA SERVICE REQUEST message content
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	Security header type
	Security header type

9.3.1
	M
	V
	1/2

	
	Data service request message identity
	Message type

9.8
	M
	V
	1

	
	Data service type
	Data service type

9.9.3.XX
	M
	V
	1/2

	
	NAS key set identifier
	NAS key set identifier

9.9.3.21
	M
	V
	1/2

	
	ESM message container
	ESM message container

9.9.3.15
	M
	LV-E
	2-n

	57
	EPS bearer context status
	EPS bearer context status

9.9.2.1
	O
	TLV
	4

	D-
	Device properties
	Device properties

9.9.2.0A
	O
	TV
	1


3. ESM message container IE format (copied from TS 24.301 subclause 9.9.3.15):

	8
	7
	6
	5
	4
	3
	2
	1
	

	ESM message container IEI
	octet 1

	Length of ESM message container contents
	octet 2

	
	octet 3

	
	octet 4

	ESM message container contents
	

	
	octet n


Figure 9.9.3.15.1: ESM message container information element
4. ESM DATA TRANSPORT message format (copied from C1A160119):

Table 8.3.Y.1: ESM DATA TRANSPORT message content
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	EPS bearer identity
	EPS bearer identity

9.3.2
	M
	V
	1/2

	
	Procedure transaction identity
	Procedure transaction identity

9.4
	M
	V
	1

	
	ESM data transport message identity
	Message type

9.8
	M
	V
	1

	
	User data container
	User data container

9.9.4.XX
	M
	LV-E
	2-n

	TBD
	Release assistance indication
	Release assistance indication

9.9.4.XY
	O
	TV
	1


5. User data container IE format (copied from C1A160119):

	8
	7
	6
	5
	4
	3
	2
	1
	

	User data container IEI
	octet 1

	Length of User data container contents
	octet 2

	
	octet 3

	
	octet 4

	User data container contents
	

	
	octet n


Figure 9.9.4.XX.1: User data container information element
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