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1. Introduction
At RAN2 NB-IoT ad-hoc, UE capability signalling design was discussed based on contributions [1, 2] and agreed as follows [3].
=> We need to discuss all UE capabilities that are introduced for NB-IoT. 

=> A new UE capability container in ASN.1 is defined for NB-IoT UEs.

=> RAN2 assumes that the concept of UE category is supported. RAN2 assumes that there is a single UE category applicable to DL/UL (i.e. not separate). This depends on RAN1. 

=> Potential fields for the new UE capability are accessStratumRelease (FFS if we have it already in Rel-13 or if we add it in a later release), ue-Category (FFS depending on RAN1) and rf-Parameters (to indicate supported frequency bands, for load balancing, FFS). 

=> RAN2 confirms the following for NBIOT: Do not define or use Feature Group Indicators. Introduce capability for IOT purpose when early testing opportunity may not be available.
The concept of creating a new UE capability container was also proposed to apply for eMTC UEs [2]. However, it was commented that the proposal should be discussed in the eMTC session at RAN2 #93. Therefore, this paper attempts to adopt the same concept for eMTC UEs.
2. Discussion
As explained in [2], if a new UE capability/category is introduced in the regular way, the capability size becomes 17 octets at minimum (just including mandatory and nonCriticalExtension fields) due to the nested structure of nonCriticalExtension. Likewise NB-IoT UE, transmission bandwidth is small for eMTC UEs (6 PRBs). In addition, reducing the capability signalling size would bring a benefit for the MME and the eNB to mitigate a requirement of their memory size. As such, the benefits of introducing a new UE capability container are also applicable to eMTC UEs. The following is proposed.
Proposal 1:

A new UE-EUTRA capability (UE-EUTRA-Capability-BL) is defined for eMTC UEs.

Since NB-IoT is developped by reusing the existing RRC protocol, it is desirable that the new UE-EUTRA capability container can be used for both eMTC and NB-IoT UEs. The following is additionally proposed.
Proposal 2:
The new UE-EUTRA capability should be able to cover both eMTC and NB-IoT capabilities and categories.

Since the motivation of introducing a new UE capability container is to reduce its signalling size, it is desirable to reduce the reported field in the capability container as much as possible. The contribution [2] proposed to introduce minimum mandatory fields, which is AS release, UE category and supported frequency band(s). This paper proposes the same approach for eMTC UEs as well.
Proposal 3:
Mandatory fields for the new UE-EUTRA capability are accessStratumRelease, ue-Category (UL/DL split is not applied) and rf-Parameters (to indicate supported frequency bands).
For the other capabilities, default setting is specified in the specification (TS 36.306 or 331) as much as possible. For implementation flexibility, if the UE supports different capabilities than the default setting, the UE is optionally allowed to indicate in the UE capability. 
Proposal 4:
For the other capabilities, default parameter setting is defined in the specification (36.306 or 36.331).
For example, a measurement gap is considered as necessary by default for all supported frequency bands. Only if it is not needed, the UE can indicate in the capability. Support of half/full duplex can be considered in the same way. Half duplex is supported by default w/o capability indication for eMTC UEs. If full duplex is additionally supported, it can be indicated per frequency band. These can be done by defining a capability of supported frequency bands as shown below.
SupportedBandEUTRA-r13 ::=



SEQUENCE {

bandEUTRA-r13






FreqBandIndicator-r13,


FullDuplex-r13






ENUMERATED {supported}




OPTIONAL,


GaplessMeas-r13






ENUMERATED {supported}




OPTIONAL
}

For this example, the following is proposed.
Proposal 5:
For a supported E-UTRA frequency band, a measurement gap is considered as necessary by default. If the gap is not needed, it can be indicated together with the supported frequency band.

Proposal 6:
For a supported E-UTRA frequency band, half duplex is supported by default. If full duplex is additionally supported, it can be indicated together with the supported frequency band.

At the NB-IoT ad-hoc meeting, it was agreed to NOT define or use FGI for NB-IoT UEs. In our understanding, however, the agreement is applied for a new feature to be introduced. If eMTC UEs (or NB-IoT UEs) support a legacy feature for which FGI is defined, the concept of FGI should be kept to chek if Inter-Operability Test has been successfully done. The following can be observed.
Observation:
If eMTC UEs support a legacy feature for which FGI is defined, the concept of FGI is needed to make sure if Inter-Operabilty Test has been successfully done.

On the other hand, the UE in practise most likely includes the FGI bit strings (96 bits in total w/o FDD/TDD split) in the capability signalling given that the FGI bit strings can be omitted only if the UE supports all the FGI features, which is not likely so far. Considering these two viewpoints, one potential approach is to define default setting for FGI as well. Only if the UE supports additional FGI bits, they can be indicated in the capability signalling.
Proposal 7:

For eMTC UEs, default Rel-8/10 FGI bit setting is specified in TS 36.331.

Proposal 8:
If the eMTC UE supports additional Rel-8/10 FGI bits, they can be indicated in the capability signalling.

As for the PDCP-Parameters, the original field is mandatory from Rel-8. It is used to indicate supported RoHC profiles and the maximum number of RoHC context session. For eMTC UE, if the default RoHC profile is defined, these field can be omitted. The PDCP-Parameters are included only if the UE supports different profiles and the maximum number of sessions.
As for the PhyLayerParameters, supported CE mode (A/B) should be indicated at least. It is not so clear if the other PhyLayerParameters defined up to Rel-12 so far are supported for eMTC UEs. 

For the other parameters (e.g., RLC, MAC, other, etc.), it is not clear either if these are supported for eMTC UEs.

3. Summary and proposal
This paper discussed UE capability signaling design for eMTC UEs. In summary, the followings were proposed.
Proposal 1:

A new UE-EUTRA capability (UE-EUTRA-Capability-BL) is defined for eMTC UEs.
Proposal 2:
The new UE-EUTRA capability should be able to cover both eMTC and NB-IoT capabilities and categories.
Proposal 3:
Mandatory fields for the new UE-EUTRA capability are accessStratumRelease, ue-Category (UL/DL split is not applied) and rf-Parameters (to indicate supported frequency bands).

Proposal 4:
For the other capabilities, default parameter setting is defined in the specification (36.306 or 36.331).
Proposal 5:
For a supported E-UTRA frequency band, a measurement gap is considered as necessary by default. If the gap is not needed, it can be indicated together with the supported frequency band.

Proposal 6:
For a supported E-UTRA frequency band, half duplex is supported by default. If full duplex is additionally supported, it can be indicated together with the supported frequency band.
Observation:
If eMTC UEs support a legacy feature for which FGI is defined, the concept of FGI is needed to make sure if Inter-Operabilty Test has been successfully done.

Proposal 7:

For eMTC UEs, default Rel-8/10 FGI bit setting is specified in TS 36.331.

Proposal 8:
If the eMTC UE supports additional Rel-8/10 FGI bits, they can be indicated in the capability signalling.
An example of implementing these proposals is provided in section 5.
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5. An example of capability signalling design

	The First Change


–
UE-CapabilityRAT-ContainerList

The IE UE-CapabilityRAT-ContainerList contains list of containers, one for each RAT for which UE capabilities are transferred, if any.

UE-CapabilityRAT-ContainerList information element
-- ASN1START

UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {


rat-Type






RAT-Type,


ueCapabilityRAT-Container


OCTET STRING

}

-- ASN1STOP

	UECapabilityRAT-ContainerList field descriptions

	ueCapabilityRAT-Container

Container for the UE capabilities of the indicated RAT. The encoding is defined in the specification of each RAT:

For E‑UTRA: the encoding of UE capabilities is defined in IE UE-EUTRA-Capability or UE-EUTRA-Capability-BL for a bandwidth reduced low complexity UE and a UE in NB-IoT.

For UTRA: the octet string contains the INTER RAT HANDOVER INFO message defined in TS 25.331 [19].

For GERAN CS: the octet string contains the concatenated string of the Mobile Station Classmark 2 and Mobile Station Classmark 3. The first 5 octets correspond to Mobile Station Classmark 2 and the following octets correspond to Mobile Station Classmark 3. The Mobile Station Classmark 2 is formatted as 'TLV' and is coded in the same way as the Mobile Station Classmark 2 information element in TS 24.008 [49]. The first octet is the Mobile station classmark 2 IEI and its value shall be set to 33H. The second octet is the Length of mobile station classmark 2 and its value shall be set to 3. The octet 3 contains the first octet of the value part of the Mobile Station Classmark 2 information element, the octet 4 contains the second octet of the value part of the Mobile Station Classmark 2 information element and so on. For each of these octets, the first/ leftmost/ most significant bit of the octet contains b8 of the corresponding octet of the Mobile Station Classmark 2. The Mobile Station Classmark 3 is formatted as 'V' and is coded in the same way as the value part in the Mobile station classmark 3 information element in TS 24.008 [49]. The sixth octet of this octet string contains octet 1 of the value part of Mobile station classmark 3, the seventh of octet of this octet string contains octet 2 of the value part of Mobile station classmark 3 and so on. Note.

For GERAN PS: the encoding of UE capabilities is formatted as 'V' and is coded in the same way as the value part in the MS Radio Access Capability information element in TS 24.008 [49].

For CDMA2000-1XRTT: the octet string contains the A21 Mobile Subscription Information and the encoding of this is defined in A.S0008 [33]. The A21 Mobile Subscription Information contains the supported CDMA2000 1xRTT band class and band sub-class information.


NOTE:
The value part is specified by means of CSN.1, which encoding results in a bit string, to which final padding may be appended up to the next octet boundary TS 24.008 [49]. The first/ leftmost bit of the CSN.1 bit string is placed in the first/ leftmost/ most significant bit of the first octet. This continues until the last bit of the CSN.1 bit string, which is placed in the last/ rightmost/ least significant bit of the last octet.

	The Next Change


–
UE-EUTRA-Capability-BL
The IE UE-EUTRA-Capability-BL is used for a bandwidth reduced low complexity UE and a UE in NB-IoT to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5]. The IE UE-EUTRA-Capability-BL is transferred in E-UTRA or in another RAT.

UE-EUTRA-Capability-BL information element
-- ASN1START

UE-EUTRA-Capability-BL-r13 ::=


SEQUENCE {


accessStratumRelease-r13



AccessStratumRelease,


ue-Category-BL-r13






ENUMERATED {m1, m2
},


pdcp-Parameters-BL-r13




PDCP-Parameters






OPTIONAL,


phyLayerParameters-BL-r13



PhyLayerParameters-r13




OPTIONAL,


rf-Parameters-BL-r13




RF-Parameters-r13,


interRAT-Parameters-r13



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


},

additionalSupportedFGIs-r13


SEQUENCE (size (1..maxFGIs-r13)) OF SupportedFGIs-r13



OPTIONAL,

nonCriticalExtension



SEQUENCE {}








OPTIONAL

}

PhyLayerParameters-13 ::=



SEQUENCE {


ceModeA-13







ENUMERATED {supported}




OPTIONAL,


ceModeB-r13







ENUMERATED {supported}




OPTIONAL

}

RF-Parameters-13 ::=




SEQUENCE {


supportedBandListEUTRA-13



SupportedBandListEUTRA-13

}

SupportedBandListEUTRA-13 ::=


SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-13 

SupportedBandEUTRA-r13 ::=



SEQUENCE {


bandEUTRA-r13






FreqBandIndicator-r13,


FullDuplex-r13






ENUMERATED {supported}




OPTIONAL,


GaplessMeas-r13






ENUMERATED {supported}




OPTIONAL

}

SupportedFGIs-r13 ::= INTEGER (1..132)
-- ASN1STOP

	UE-EUTRA-Capability-BL field descriptions
	FDD/ TDD diff

	accessStratumRelease

Set to rel13 in this version of the specification.
	-

	ue-Category-BL

UE category for a bandwidth reduced low complexity UE and a UE in NB-IoT as defined in TS 36.306 [5].
	-

	… [To be added more]
	


	The Next Change


Annex X (normative):
Supported FGIs for a bandwidth reduced low complexity UE and a UE in NB-IoT
Table X-1: Rel-8/9 FGIs supported for a bandwidth reduced low complexity UE and a UE in NB-IoT
	Index of indicator 
	Category M1
	Category M2

	
	FDD
	TDD
	FDD
	TDD

	1
	No
	No
	No
	No

	2
	No
	No
	No
	No

	3
	Yes
	Yes
	No
	No

	4
	Yes
	Yes
	No
	No

	5
	Yes
	Yes
	No
	No

	6
	No
	No
	No
	No

	7
	No
	No
	No
	No

	8
	Yes
	Yes
	Yes
	Yes

	…
	…
	…
	…
	…


Table X-2: Rel-10 FGIs supported for a bandwidth reduced low complexity UE and a UE in NB-IoT
	Index of indicator 
	Category M1
	Category M2

	
	FDD
	TDD
	FDD
	TDD

	101
	No
	No
	No
	No

	102
	No
	No
	No
	No

	103
	Yes
	Yes
	No
	No

	104
	Yes
	Yes
	No
	No

	105
	Yes
	Yes
	No
	No

	106
	No
	No
	No
	No

	107
	No
	No
	No
	No

	108
	Yes
	Yes
	Yes
	Yes

	…
	…
	…
	…
	…




	End of Changes


�M2 is assumed for NB-IoT UEs.


�Just an example. Not aligned with the FGI bit setting status in the latest spec.
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