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1      Introduction

This contribution provides a message size analysis of the messages that potentially could exceed the 1000 bit limitation of the low complexity UEs before the eNB is able to differentiate them. The objective of this contribution is to also assist with further technical details on one of the open aspects for low complexity UEs presented in this meeting contribution [1] aiming to help RAN2 discussion to progress and complete the specification of this new UE category. 
2      Low complexity UE bit limitations
New UE category has been defined to provide a solution for reducing the UE cost and its complexity as described in RAN1 TR [2]. RAN1 clarifies in their LS [3] that this new Rel-12 category is targeted for MTC with reduced peak rate, support of single receive antenna and optional support of half duplex operation. RAN1 also confirm in another LS [4] that the “minimum reception capability of the low-complexity UE is a TB of no more than 1000 bits in one transmission and another TB of no more than 2216 bits in another transmission within one subframe”.
During past discussions in RAN2, companies expressed the concern that some of the UL dedicated messages might exceed the bits limitation for low complexity UEs before the eNB knows the actual UE category and therefore, the eNB could provide bigger UL grants than 1000 bits. The main concerns were shown for the RRC Connection Setup Complete message (containing the initial NAS PDU) and for the UE Capability Information message. We discuss and analyze their message sizes in the following sections to assess whether the concerns are valid or not.
2.1     RRC Connection Setup Complete (msg.5)
In this section, we discuss the size of msg.5 considering that the RRC Connection Setup Complete message contains the NAS Attach Request message and the Buffer Status Report (BSR). 
The message size of the RRC Connection Setup Complete and the BSR is considered 18 bits [5].
Annex A shows the details of the size calculation for the NAS Attach Request message including a PDN Connectivity Request message (as specified in [5]). This message is expected to be the worst case Initial NAS message that would need to be carried within RRC Connection Setup Complete. Other possible Initial NAS messages are Tracking Area Update Request, Service Request, Extended Service Request and Detach Request. The Tracking Area Update Request can be a similar size to Attach Request but cannot carry a piggybacked ESM message. The other messages should all be significantly smaller in size. 

We have assumed that low complexity UEs will not support 2G/3G, CSFB or SRVCC, as this new UE category aims to reduce the cost as well as complexity; these assumptions allow us not to consider few of the optional IEs in the NAS PDU. In addition, the maximum sizes for the EPS mobile identity and UE network capabilities have been assumed. According to our calculation the number of bits for the NAS Attach Request message including a PDN Connectivity Request message comes up to 456 bits.

Therefore we conclude that for a single-RAT LTE UE, the message size of the RRC Connection Setup Complete including the NAS message and BSR is 474 bits which is below 1000 bits.
Observation 1. If Low complexity UE does not support 2G/3G, CSFB or SRVCC, the RRC Connection Setup Complete message will not exceed the 1000bits limitation.
2.2     UE Capability Information
The UE Capability Information message might have very diverse size depending on the implementation of the low complexity UE. In the following, we revisit the discussion to the size of the UE EUTRA capability IE that happened in Rel-11 in the context of rSRVCC from GERAN to E-UTRAN.
The size estimation of the UE E-UTRA capability IE of Rel-11 high-end multi-RAT UEs was provided in [7]. In that contribution the minimum estimation was 133 octets (1064bits) for a Rel-11 UE supporting 4 E-UTRA bands and 2 E-UTRA band combinations. For Rel-12 low complexity UEs, we can assume that the size of the UE E-UTRA capabilities would be lower than 133 octets if we consider no support of inter-RAT, less number of bands and fewer supported UE capabilities.
RAN2 sent an LS [8] that included the size estimation of UE E-UTRA capability for a Rel-9 multi-RAT UE depending on the number of supported LTE bands, see Table 1 below. For Rel-12 low complexity UEs that do not support multi-RAT, we can assume that the size of the UE E-UTRA capabilities would also be below 1000bits if they support only a limited number of LTE bands. 
Table 1. E-UTRA capability size evaluation for a Rel-9 UE

	Number of LTE bands, N
	Size (bits)

	6
	736

	12
	1048

	18
	1400

	24
	1832

	27
	2072


On summary, for low complexity UEs, UE Capability Information message size will most likely be below than 1000 bits although the actual number may vary depending on the number of LTE bands supported as well as the other supported UE capabilities. If companies are indeed concerned and want to allow more flexibility in terms of implementation of low complexity UEs at this regard, we think that providing an UE category indication upon msg.5 might need to be considered. 
Observation 2. UE Capability Information message is not expected to exceed the 1000bits limitation for low complexity UEs assuming single RAT and support for the limited number of LTE bands.
Proposal 1. RAN2 to discuss if a low complexity UE needs to keep the same flexibility than other UE categories on the supported capabilities and the number of LTE bands. If so, RAN2 to agree on defining a low complexity UE indication in msg.5.
3      Conclusions and proposals
In this contribution, we discuss the open aspects on the message size limitation for low complexity UE category; the summary observations and proposals are listed below:
Observation 1. If Low complexity UE does not support 2G/3G, CSFB or SRVCC, the RRC Connection Setup Complete message will not exceed the 1000bits limitation.
Observation 2. UE Capability Information message is not expected to exceed the 1000bits limitation for low complexity UEs assuming single RAT and support for the limited number of LTE bands.
Proposal 1. RAN2 to discuss if a low complexity UE needs to keep the same flexibility than other UE categories on the supported capabilities and the number of LTE bands. If so, RAN2 to agree on defining a low complexity UE indication in msg.5.
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5      Annex A
The number of bits considered for the calculation of the NAS Attach Request message size [6] are shown in Table 2 and Table 3 below. The low complexity UE is considered not to support 2G/3G, CSFB or SRVCC, therefore corresponding optional IEs are not considered; in addition, the maximum sizes is assumed for the EPS mobile identity IE and UE network capabilities IE.
Table 2. NAS Attach Request message

	NAS ATTACH REQUEST message

	Information Element
	Length (bits)

	Protocol discriminator
	4

	Security header type
	4

	Attach request message identity
	8

	EPS attach type
	4

	NAS key set identifier
	4

	EPS mobile identity
	(*1) 96

	UE network capability
	(*1) 112

	ESM message: PDN Connectivity Request
	(*2) 48

	Last visited registered TAI
	48

	DRX parameter
	24

	Additional update type
	8

	Device properties
	8

	Old GUTI type
	8

	MS network feature support
	8

	TMSI based NRI container
	32

	T3324 value
	16

	T3412 extended value
	24

	Total number of bits
	456


(*1) Maximum size is chosen. 

(*2) Size assuming PDN Connectivity Request message (details are described in Table 3).

NOTE 1: List of the optional IEs not considered as we assumed that low complexity UEs will not support 2G/3G, CSFB or SRVCC): Old P-TMSI signature, Additional GUTI, MS network capability, Old location area identification, TMSI status, Mobile station classmark 2, Mobile station classmark 3, Supported Codecs, Voice domain preference and UE's usage setting.
Table 3. PDN Connectivity Request message

	PDN CONNECTIVITY REQUEST message (*2)

	Information Element
	Length (bits)

	Protocol discriminator
	4

	EPS bearer identity
	4

	Procedure transaction identity
	8

	PDN connectivity request message identity
	8

	Request type
	4

	PDN type
	4

	ESM information transfer flag
	8

	Device properties
	8

	Total number of bits
	48


NOTE 2: The optional IEs Access point name and Protocol configuration options are not considered as [6] defines that those IEs are never included in a PDN Connectivity Request that is piggybacked in the Attach Request message.
