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1 Introduction

Machine-type communications (MTC) UEs target low end applications which require only low data rates. Considering that low average revenue per user is expected, these applications can be utilized over the GSM/GPRS radio interface. As more MTC UEs are deployed, this would require operators to maintain multiple radio access technologies in case there is not enough motivation for MTC UE suppliers to provide modules supporting the LTE radio interface. This would prevent operators to utilize their spectrums efficiently. Therefore, it is necessary to provide the necessary tools for the MTC UE vendors to be able to migrate the low-end MTC UEs from GSM/GPRS networks to LTE networks.
The work item on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved for Rel-12. One of the objectives of the work item is to specify a new low cost/complexity UE type supporting a downlink and uplink maximum Transport Block Size (TBS) of 1000 bits. In this contribution we discuss the transport block size, the impact of its limitation to 1000 bits, and how to implement the capacity signaling. 

2 Discussion

2.1 Transport block size and maximum SIB size

System information includes information about the downlink and uplink cell bandwidths, the uplink/downlink configuration in the case of TDD, detailed parameters related to random-access transmission and uplink power control etc. In LTE, system information is delivered by the following two mechanisms which rely on separate transport channels:

· Master Information Block (MIB); transmitted using the BCH

· System Information Blocks (SIBs); transmitted using the downlink shared channel (DL-SCH)

Note that both the MIB and the SIBs correspond to the BCCH logical channel. In LTE, there are a number of different System-Information Blocks (SIBs) characterized by the type of information that is included within them, such as SIB1 which includes information mainly related to whether a UE is allowed to camp on the cell, the allocation of subframes to uplink/downlink, and information about the time-domain scheduling of the remaining SIBs, or SIB2, which includes information that UEs need to be able to access the cell. The main part of the system information is included in different (SIBs) transmitted over the DL-SCH. Not all the SIBs need to be present all the time and MIB and the SIBs are broadcasted repeatedly. Different SIBs are mapped to different System-Information messages (SIs) which correspond to the actual transport blocks to be transmitted on DL-SCH.

In [2], section 5.2.1.1 has the following note:

NOTE 1: 
The physical layer imposes a limit to the maximum size a SIB can take. When DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes), see TS 36.212 and TS 36.213.

Considering the maximum approximate sizes of SIB 5 and SIB 7 and the maximum allowed sizes for different DCI formats stated in the note above, it is clear that current specifications allow for a larger SI message than what the network can handle. Hence, an operator needs to manage and dimension the SIBs in the network with respect to the physical layer restriction. If the network uses a system information transport block larger than 1000 bits, low cost/complexity MTC UEs cannot receive the SI message.
For "connected" mode mobility, RAN2 agreed that existing connected mode mobility procedures are supported considering that it is up to the network whether to use them or not. For "idle" mode mobility, RAN2 agreed that there is no issue regarding intra frequency cell reselection if BCCH TBS is restricted to 1000 bits since SIB1, 2, 3 and 4 are less than 1000 bits. However a 1000 bit limit might put future restrictions on the extensibility of these SIBs. SIB5 can be more than 1000 bits depending on the number of carriers (and e.g. black lists), but low cost/complexity MTC UEs should rely on existing cell selection rather than cell reselection if the network broadcasts a SIB5 with more than 1000 bits. The same applies to inter-RAT SIBs (SIB6, SIB7, SIB8…) if those grow beyond 1000 bits. If the network decides to configure the respective SIBs with less than 1000 bits, these UEs would support inter-frequency and inter-RAT cell reselection; otherwise the UE performs cell selection.
2.2 Low Cost MTC UE Capability indication

UE radio access capability information is transferred from the UE to the network with the help of the UE capability transfer procedure. The UE prepares the UECapabilityInformation message upon receiving the UECapabilityEnquiry message. The network initiates this procedure when the UE is in connected mode if the information is required. The network cannot know the type of the UE category until after the RRC connection setup is completed, i.e. after receiving the RRCConnectionSetupComplete message, therefore existing legacy networks have to assume that all UEs are category 1 UEs until RRC connection setup is completed.

If a new less capable UE category, i.e. category 0, is introduced for low cost/complexity UEs, the network would need to assume that all UEs are category 0 and therefore it can only support a narrow bandwidth of 1.4MHz, i.e. PDSCH allocation limited to max 6 RBs, and small transport block size of 1000 bits. This can be avoided if an indication is sent to the network earlier in one of the following messages: Msg1 (Preamble), Msg3 (RRCConnectionRequest), or Msg5 (RRCConnectionSetupComplete). Sending the indication in Msg5 (RRCConnectionSetupComplete) would be too late as discussed above since this requires the network to assume that all UEs are category 0 after until the RRC connection is established. Msg1 (Preamble) could be preferable since it is the first message that the UE transmits to initiate the RRC connection setup procedure. This would require preamble reservation, i.e. partitioning of the preamble code set, and/or allocation of time/frequency PRACH resources to differentiate the low cost/complexity MTC UEs. However such approaches would lead to potential trunking loss and complex PCI (Physical Cell ID) planning, thus can be considered not efficient. Furthermore, those potential solutions are not future-proof in the sense that they may not be easily extended for yet another new type of accessing device categories.
The last alternative is so that the low cost/complexity MTC UEs can send the indication for the type of accessing device in Msg3 (RRCConnectionRequest). This means that the network would not be able to support a narrow bandwidth of 1.4MHz and small transport size of 1000 bits when transmitting Msg2 (Random Access Response). In theory, Msg2 can be larger than 1000 bits. The maximum number of random access responses (RARs) that can be included in a MAC PDU is 17 if the transport block size is limited to 1000 bits. Considering that the probability of network sending more than 17 RARs in a MAC PDU within a transport block is low, i.e. the network may not be able to respond to all UEs that have sent a preamble successfully without collision; this can be resolved causing only additional delay.

Proposal 1
The UE shall indicate to the network that the access is from a low cost/complexity MTC UE in the RRCConnectionRequest message.


This can be done either with the implicit or explicit indication of access.
2.2.1 Implicit indication of access

Implicit indication can be done in the following possible ways:
2.2.1.1 Usage of criticalExtensionFuture IE

criticalExtensionFuture IE in the RRCConnectionRequest message can be used with the changes as below (changes as compared to the original message are marked with revision marks):
RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,


criticalExtensionsFuture


SEQUENCE {}




rrcConnectionRequest-r12



RRCConnectionRequest-r12-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

RRCConnectionRequest-r12-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause

}
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

2.2.1.2 New RRCConnectionRequest message
An entirely new RRCConnectionSetupR12 message can be created, whose reception can indicate to the network that the accessing device is a low cost/complexity MTC UE. This may look as given below (changes as compared to the original are marked with revision marks):

–                      UL-CCCH-Message
The UL-CCCH-Message class is the set of RRC messages that may be sent from the UE to the E‑UTRAN on the uplink CCCH logical channel.

-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension

CHOICE {





rrcConnectionRequest-r12




RRCConnectionRequest-r12,




messageClassExtensionFuture-r12

SEQUENCE {}

}
}

-- ASN1STOP

The actual contents of this new RRCConnectionRequestR12 message can then be adapted, i.e. it can be almost identical to the RRCConnectionRequest as shown below (where the changes relative the original RRCConnectionRequest are shown with revision marks):

RRCConnectionRequestR12message
-- ASN1START

RRCConnectionRequest-12 ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r12



RRCConnectionRequest-r12-IEs,


criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRequest-r12-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause

}
-- ASN1STOP

Since this is an entirely new message, it can be restructured, i.e. establishmentCause IE can be removed or its meaning can be changed, number of bits used for the ue-Identity can be reduced etc. It would however be good to keep the total size of the message (fairly) same to that of the original RRCConnectionRequest message and the existing IEs e.g. EstablishmentCause are reused whenever possible.
2.2.2 Explicit indication of access

RRCConnectionRequest message contains the 40bit long InitialUE-Identity IE. The sole purpose of this IE is to provide a unique key between the UE and the network during the RRC connection setup procedure. When no S-TMSI has been provided to the UE, the probability to have contention failures/conflicts will still be extremely low even if the random field would be say (as an example) 32 bits rather than 40 bits, hence leaving (in this example) 8 bits possible to use for the UE to convey information on its particular limitations. 

If an S-TMSI already has been provided to the UE, then, e.g. the 8 bits corresponding to the MMEC is not needed until later (i.e. after the RRC connection setup is completed). Hence these bits could be used in a similar way.

As a consequence we can consider allowing for the use of a reduced initial UE identity, i.e. reducedUE-Identity, which could be part of RRCConnectionRequest-r12-IE given below:

RRCConnectionRequest-r12-IEs ::=
SEQUENCE {


additionalCapabilities



BIT STRING (SIZE (8))


reducedUE-Identity




ReducedInitialUE-Identity,


establishmentCause




EstablishmentCause

}

ReducedInitialUE-Identity ::=

CHOICE {


m-TMSI







M-TMSI,


randomValue






BIT STRING (SIZE (32))

}
The capabilities and/or limitations that need to be signalled by a low cost/complexity MTC UE can thus be included in what is called ‘additionalCapabilities’. Note that the size of 8 bits is merely an example, and could very well take other values. The information which is not provided in the RRCConnectionRequest message for S-TMSI, the MMEC in the example given above, could then be amended to the i.e. RRCConnectionSetupComplete message. In fact, that is already provided as an optional element which only needs to be made mandatory in this case. A disadvantage of such an approach is that changing the presence of protocol fields generally create backward compatibility problems because a receiving side that is based on the new version would expect that the field is present while the transmitting side that is based on an earlier version would leave the field absent. This means, the whole message would be discarded at the receiving side if radio interface generic error handling procedures are strictly followed. Therefore, a new branch would be required in the message so that the presence of the field can be changed from optional to mandatory present. The resulting message would look as given below (modifications in revision marks):

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




rrcConnectionSetupComplete-r12

RRCConnectionSetupComplete-r12-IEs,, 



spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..6),


registeredMME





RegisteredMME





OPTIONAL, 

dedicatedInfoNAS




DedicatedInfoNAS,


nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1020-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RRCConnectionSetupComplete-r12-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


selectedPLMN-Identity



INTEGER (1..6),


registeredMME





RegisteredMME





OPTIONAL, 
-- Cond RedIdIE

dedicatedInfoNAS




DedicatedInfoNAS,


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

-- ASN1STOP

where the following explanation needs to be added:

	Conditional presence
	Explanation

	RedIdIE
	The field is mandatory present if the ReducedInitialUE-Identity IE was used in the preceding RRCConnectionRequest message; otherwise optionally present, 


Based on the discussion above we propose the following:


Proposal 2
Discuss how a UE can indicate to the network that the access is from a low cost/complexity MTC UE in the RRCConnectionRequest message.


2.3 Transport Block Size and the Paging message
The existing paging message can contain maximum 16 UE identities due to the constraint value “maxPageRec” in TS 36.331. Paging message includes a PagingRecordList which is composed of ue-Identity, and cn-Domain. cn-Domain is composed of 1 bit whereas ue-Identity contains either S-TMSI, which is 40 bits [32 bits (m-TMSI) + 8 bits (MMEC)], or IMSI, which is a sequence of IMSI-Digit of size from 6 to 21. IMSI-Digit is an integer from 0 to 9, so it is composed of 4 bits. Therefore the size of IMSI can change from 24 bits to 84 bits. 

If the worst case scenario is considered, for each UE the PagingRecordList will have 85 bits (= 84 + 1) which would make 11 UEs (~= 1000/85) for a TBS of maximum size 1000bits. When we consider the best case scenario, this number would be 40 UEs (~= 1000/(24+1)). Note that the maximum possible with the constraint given above is 16 UEs. The network can either make sure that the paging message is always smaller than 1000 bits if it supports the low cost/complexity feature or such information can be indicated by the MME with an extension to the paging message sent to the eNB.

Observation 1
The network can either make sure that the paging message is always smaller than 1000 bits if it supports the low cost/complexity feature or such information can be indicated by the MME with an extension to the paging message sent to the eNB.


3 Conclusion

In this contribution we discussed the transport block size, the impact of its limitation to 1000 bits, and how to implement the capacity signaling. In section 2 we make the following observation:


Observation 1
The network can either make sure that the paging message is always smaller than 1000 bits if it supports the low cost/complexity feature or such information can be indicated by the MME with an extension to the paging message sent to the eNB.


Based on the discussion in section 2 we propose the following: 


Proposal 1
The UE shall indicate to the network that the access is from a low cost/complexity MTC UE in the RRCConnectionRequest message.


 TOC \f \n \p " " \t "Proposal;1" 

Proposal 2
Discuss how a UE can indicate to the network that the access is from a low cost/complexity MTC UE in the RRCConnectionRequest message.
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