Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #86
Tdoc R2-142120
Seoul, South Korea, 19th -23rd May, 2014

Agenda Item:
7.7
Source:
Ericsson
Title:
Handling of low complexity UE categories during handover
Document for:
Discussion, Decision

1 Introduction

Within the scope of low-cost Machine Type Communication (MTC) work item, it is agreed to introduce a new low complexity UE category. One challenging aspect of this new category is that it is less capable than all legacy categories, e.g. not all features are supported. The purpose of this contribution is to discuss how this aspect affects handover.
2 Discussion
Usually category extensions are introduced as optionally present fields whereas the legacy ue-Category field is mandatory present in the UE-EUTRA-Capability container as shown below,
-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {


accessStratumRelease



AccessStratumRelease,


ue-Category






INTEGER (1..5),

pdcp-Parameters





PDCP-Parameters,


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


measParameters





MeasParameters,


featureGroupIndicators



BIT STRING (SIZE (32))



OPTIONAL,


interRAT-Parameters



SEQUENCE {



utraFDD







IRAT-ParametersUTRA-FDD



OPTIONAL,



utraTDD128






IRAT-ParametersUTRA-TDD128



OPTIONAL,



utraTDD384






IRAT-ParametersUTRA-TDD384



OPTIONAL,



utraTDD768






IRAT-ParametersUTRA-TDD768



OPTIONAL,



geran







IRAT-ParametersGERAN




OPTIONAL,



cdma2000-HRPD





IRAT-ParametersCDMA2000-HRPD


OPTIONAL,



cdma2000-1xRTT





IRAT-ParametersCDMA2000-1XRTT


OPTIONAL


},


nonCriticalExtension



UE-EUTRA-Capability-v920-IEs

OPTIONAL

}

It should be noted that omitting a mandatory present field results in a decoding error and therefore all UEs shall indicate one category in the mandatory present ue-Category field even if they do not support any such category. In other words, all low complexity UEs indicate support of low complexity category in an optionally present extension field, e.g. the proposed Rel-12 low complexity category in an optionally present Rel-12 non-critical extension, and they further populate the mandatory present ue-Category field with some (more or less random) value (between 1 and 5) even though they do not support any such category.
2.1 Problem definition
A target eNB that does not support Rel-12 version of RRC protocol does not comprehend the low complexity category indication which means that the target ignores the low complexity category extension and prepares a RRC configuration (typically with full configuration flag) based on the indicated Rel-8 category which is not supported by the low complexity UE. If more low complexity categories are introduced in future releases, e.g. in Rel-13, and those low complexity categories are less capable than the Rel-12 low complexity category, the alleged Rel-13 low complexity UE presumably does not indicate support of Rel-12 low complexity category. If the target does not support Rel-13 version of RRC protocol, it will again comprehend only the indicated Rel-8 category which is not supported by the UE. Hence, the target may prepare a RRC configuration that cannot be supported by the UE. This is summarized in the following observation,

Observation 1 The target eNB may prepare a RRC configuration based on a category that is not supported by a low complexity UE.

It can be argued that the problem is automatically resolved when all eNBs are updated to the latest protocol version because then the target eNB comprehends low complexity categories and thereby it can ignore the indicated (but not supported) legacy category. A problem arises, since such an assumption is typically reasonable in the very beginning of the system life-cycle where all eNBs support the latest hardware but as soon as the standard have been evolved multiple times the hardware may have been upgraded as well. It should be noted that the life-cycle of eNB hardware is much longer than that of UEs and the same software cannot be necessarily used for all hardware versions. So long as the system has not yet entered the very end of its life-cycle either, where all “old” equipment is disposed and no “new” equipment is added, there can be several different hardware and software versions as well as different protocol stack implementations on the field.
2.2 Solution proposals

One straightforward solution is to define a new protocol field in the UE-EUTRA-Capability container to indicate the earliest supported Access Stratum (AS) release. One possible way of specifying such a field is to introduce a simple one bit indicator that indicates that the earliest supported AS is Rel-12 and therefore the UE does not support any of the legacy categories, e.g. in the following manner,

legacyCategory ::=


ENUMERATED {notsupported}




OPTIONAL,

In other words, if the UE is of a low complexity category, it does not support any legacy category and the above described field is present. Upon handover preparation the source normally provides UE capability information to the target. If the above-described field is present in the capability information, the target is provided information that the UE does not support the indicated Rel-8 category. If the field is absent, the target may assume that the UE supports the indicated Rel-8 category. The solution is summarized in the following proposal,
Proposal 1 Specify a protocol field in UE-EUTRA-Capability container to indicate that the UE does not support legacy categories 1, 2, 3, 4 or 5.
The benefit of the solution is that the ambiguities with category handling are avoided for low complexity UEs by using a simple one-bit indicator that overrides the mandatory present legacy category field. The downside is that it does not resolve the problem when the target is an already deployed eNB because legacy nodes do not comprehend the indicator, i.e. the solution is useful for implementations that are based on Rel-12 and beyond. It is difficult to quantify the downside but it is expected that in the long-term the downside gradually disappears when pre-Rel-12 based equipment is replaced with newer one. This does not however mean that all equipment is then expected to be based on exactly the same RRC protocol version.
Another possible solution is to modify the handover preparation information message in the source eNB such that the handover preparation fails if the target does not support the low complexity category. This is possible by critically extending the handover preparation message such that the message cannot be comprehended by legacy eNBs. The intention is that a legacy target eNB cannot make incorrect assumptions about the supported UE category. The extension could be created by replacing the spare7 (as highlighted with color below) with a new branch 
HandoverPreparationInformation ::=
SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




handoverPreparationInformation-r8
HandoverPreparationInformation-r8-IEs,




handoverPreparationInformation-r12
HandoverPreparationInformation-r8-IEsspare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

If the target eNB does not comprehend the critical extension, the handover preparation information message would simply decode to NULL. As handover preparation information has criticality in X2AP [2], absence of decodable RRC configuration in the handover preparation information message means that the target eNB rejects the handover request. In that way, the source eNB could infer from the rejected handover preparation that the target eNB does not support low complexity categories and an unsuccessful handover is avoided. So, the following is proposed
Proposal 2 Extend the HandoverPreparationInformation message critically for preparation of low complexity UE’s handovers.
The advantage of this solution is that it resolves category handling ambiguities also with legacy eNBs but it essentially creates a new version of the message where only one single bit is changed compared to the old version, i.e. it creates a new branch without really adding very much new content in the message.
An alternative solution is to define a new version of the full configuration flag. The new version should be used for RRC configurations that are prepared for low complexity UEs. Currently, the RRC protocol defines a full configuration flag in a Rel-9 extension as shown below,

RRCConnectionReconfiguration-v920-IEs ::= SEQUENCE {


otherConfig-r9





OtherConfig-r9




OPTIONAL,
-- Need ON


fullConfig-r9





ENUMERATED {true}



OPTIONAL,
-- Cond HO-Reestab


nonCriticalExtension



RRCConnectionReconfiguration-v1020-IEs
OPTIONAL

}

A new full configuration flag could be defined in a Rel-12 extension in the following manner,
RRCConnectionReconfiguration-v1130-IEs ::= SEQUENCE {


systemInfomationBlockType1Dedicated-r11
OCTET STRING (CONTAINING SystemInformationBlockType1)


















OPTIONAL,
-- Need ON

nonCriticalExtension




RRCConnectionReconfiguration-v12xy-IEs

OPTIONAL

}

RRCConnectionReconfiguration-v12xy-IEs ::= SEQUENCE {


fullConfig-r12





ENUMERATED {true}

OPTIONAL,

-- Cond HO-Reestab

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
Since the source can decode the RRC configuration that is prepared by the target, it can also infer from the full configuration flag version whether the target comprehended the low complexity category or not. It is reasonable to expect that the target typically performs a full configuration for Rel-12 low complexity UEs because the current RRC configuration for Rel-12 low complexity UEs is based on Rel-12 version which is not supported by legacy eNBs. If the target prepares a RRC configuration by using the Rel-9 version of the flag, the source knows that the target does not comprehend the low complexity category. The solution is captured in the following proposal,
Proposal 3 Define a new version of the full configuration flag that should be used for RRC configurations that are prepared for low complexity UEs.
The main benefit of this solution is that it resolves the problem also with legacy eNBs. The downside is that it makes use of a protocol field to a purpose where it was not intended to be used from the beginning which may complicate the use of the field.
In summary, there are several more or less equally workable solutions with different degrees of complexity. It is proposed to adopt the simplest solution which seems to be the first alternative.
3 Conclusion
This contribution addresses legacy category handling problems for low complexity UEs during handovers and presents as well as discusses three possible solutions. It is found that there is a slight preference for the first solution alternative due to its simplicity. It is proposed that RAN2 discusses and agrees upon one of the solution alternatives that are outlined below.
Proposal 1
Specify a protocol field in UE-EUTRA-Capability container to indicate that the UE does not support legacy categories 1, 2, 3, 4 or 5.
Proposal 2
Extend the HandoverPreparationInformation message critically for preparation of low complexity UE’s handovers.
Proposal 3
Define a new version of the full configuration flag that should be used for RRC configurations that are prepared for low complexity UEs.


Draft CRs for the proposed solutions are presented in R2-142121, R2-142122 and R2-142123.
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