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Discussion and decision
1 Introduction
RAN2 has concluded and provided feedback to SA2 that it is feasible to send LTE-M indication in RRCConnectionSetupComplete message if UE selected 5GC [1]. Following this feedback from RAN2, SA2 has introduced LTE-M indication [2]. 
This paper discusses which category of UEs can send LTE-M indication.
2 Discussion
2.1 UE Categories

LTE supports a number of UE categories as shown in the Table 1 below. All UE categories introduced after Release 8 are optional for UE to support. For backwards compatibility a UE supporting optional category is also required to report some older UE categories as define in Table 4.1A-6 of TS 36.306 [3] and extract shown in Table 2. For example, a UE supporting DL Category 9 and UL Category 16 shall also signal UE Category 4, 6, 9 and UL Category 5. But TS 36.306 [3] does not prevent UE from signalling other lower uplink/downlink categories.
Table 1 List of UE Categories
	UE Category reported
	Comments

	ue-Category: [1…5] 
	mandatory, same value applies to both uplink & downlink.

	ue-Category-v1020: [6 .. 8]
	optional, same value applies to both uplink & downlink

	ue-Category-v1170: [9, 10]
	optional, same value applies to both uplink & downlink

	ue-Category-v11a0: [11, 12]
	optional, same value applies to both uplink & downlink

	ue-CategoryDL-v12: [0 .. 14]
	optional, value applies to downlink only

	ue-CategoryUL-v12: [0 .. 13]
	optional, value applies to uplink only

	ue-CategoryDL-v1260: [15 .. 16]
	optional, value applies to downlink only

	ue-CategoryDL-v1310: [17, m1]
	optional, value applies to downlink only

Note: If UE indicates M1 then eNB is to ignore the mandatory UE category IE (see UE-EUTRA Capability in [4]).

	ue-CategoryUL-v1310: [14, m1]
	optional, value applies to uplink only

Note: If UE indicates M1 then eNB is to ignore the mandatory UE category IE (see UE-EUTRA Capability in [4]).

	ue-CategoryDL-v1330: [18, 19]
	optional, value applies to downlink only

	ue-CategoryUL-v1340: [15]
	optional, value applies to uplink only

	ue-CategoryDL-v1350: [1bis]
	optional, value applies to downlink only

	ue-CategoryUL-v1350: [1bis]
	optional, value applies to uplink only

	ue-CategoryDL-v1430: [m2]
	optional, value applies to downlink only

	ue-CategoryUL-v1430: [16, … 20, m2]
	optional, value applies to uplink only

	ue-CategoryUL-v1430b: [21]
	optional, value applies to uplink only

	ue-CategoryDL-v1450: [20]
	optional, value applies to downlink only

	ue-CategoryDL-v1460: [21]
	optional, value applies to downlink only

	ue-CategoryDL-v1530: [22 … 26]
	optional, value applies to downlink only

	ue-CategoryUL-v1530: [22 … 26]
	optional, value applies to uplink only


Table 2 Relationship between different UE capabilities (extract from Table 4.1A-6 of TS 36.306 [3])
	UE DL Category
	UE UL Category
	UE categories
	Maximum UE channel bandwidth [MHz]

	DL Category M1
	UL Category M1
	N/A
	1.4

	DL Category M2
	UL Category M2
	N/A
	5

(NOTE 2)

	DL Category 0
	UL Category 0
	N/A
	According to maximum channel bandwidth specified per band in TS 36.101 [6].

	DL Category 1bis
	UL Category 1bis
	Category 1 (NOTE 1)
	

	DL Category 4
	UL Category 5
	Category 4
	

	DL Category 6
	UL Category 5
	Category 6, 4
	

	DL Category 6
	UL Category 16
	Category 6, 4

DL Category 6 and UL Category 5
	

	DL Category 7
	UL Category 13
	Category 7, 4
	

	DL Category 7
	UL Category 18
	Category 7, 4

DL Category 7 and UL Category 13
	

	DL Category 9
	UL Category 5
	Category 9, 6, 4
	

	DL Category 9
	UL Category 16
	Category 9, 6, 4

DL Category 9 and UL Category 5
	


It is not obvious from the specification whether a UE supporting category M1 (and optionally category M2) can also signal any other optional UE category. But it is clear from Table 4.1A-6 of TS 36.306 [3] that a UE signalling DL category M1 must also signal UL category M1. Similarly, a UE signalling DL category M2 must also signal UL category M2. While Table 4.1A-6 of TS 36.306 [3] does not say if UE signals DL category M2 it shall also signal DL category M1 but this is clear from the first paragraph in section 4.1A of of TS 36.306 [3], which says “A UE indicating Category M2 shall also indicate Category M1”
Author assumes from Table 4.1A-6 of TS 36.306 [3] that a UE signalling category M1 and optionally M2 should not signal any other optional UE category. This assumption is also supported by the fact that with ue-CategoryDL-v1310 UE cannot simultaneously signal category 17 and category m1. Similarly, for uplink category UE cannot simultaneously signal category 14 and m1, or simultaneously signal category m2 and one of category 16, 17, 18, 19 & 20. 
Observation 1: 
A UE signalling category M1 and optionally M2 should not signal any other UE category.

Proposal 1: RAN2 clarify in TS 36.306 that a UE signalling Cat M1 and optionally Cat M2 shall not signal any other UE category.

Table 3: Proposed clarification changes to TS 36.306 [3]
	4.1A

ue-CategoryDL and ue-CategoryUL

The fields ue-CategoryDL and ue-CategoryUL define downlink/uplink capability respectively. The parameters set by the UE DL/UL Categories are defined in clause 4.2. Tables 4.1A-1 and 4.1A-2 define the downlink and, respectively, uplink physical layer parameter values for each UE DL/UL Category. Table 4.1A-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE capable of reception via MBSFN. Table 4.1A-6 defines the only combinations for UE UL and DL Categories that are allowed to be signalled with ue-CategoryDL and ue-CategoryUL. Table 4.1A-6 also defines which UE Categories a UE shall indicate in addition to the combinations for UE UL and DL Categories. A UE indicating DL category 13 may indicate category 9 or 10 in ue-Category-v1170. 
<Table 4.1A-1 – Table 4.1A-5 omitted>
Table 4.1A-6: supported DL/UL Categories combinations and maximum UE channel bandwidth set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
UE DL Category

UE UL Category

UE categories

Maximum UE channel bandwidth [MHz]

DL Category M1

UL Category M1

N/A
(Note 4)
1.4
DL Category M2

UL Category M2

 DL Category M1, UL Category M1
5

(NOTE 2)

<All other rows except last row omitted>
· NOTE 1:
The UE indicating DL category 1bis is only required to support 1Rx antenna even though the UE indicates UE category 1 for legacy compatibility.

· NOTE 2:
The minimum of 5 MHz and the maximum channel bandwidth specified per band in TS 36.101 [6].

· NOTE 3:
The UE indicating DL Category 20 and UL Category 20 also indicates Category 12, 10, 7, 4, DL Category 12 and UL Category 13, DL Category 16 and UL Category 13, DL Category 19 and UL Category 15, DL Category 19 and UL Category 20.
· NOTE 4:
UE may optionally signal DL/UL Category M2 but not any other optional UE category.



Based on the above discussion the LTE-M indication in RRCConnectionCetupComplete message shall only be set by UE signalling category M1.

Proposal 2: UE signalling category M1 shall set the LTE-M indication in RRCConnectionSetupComplete message.

Proposal 3: Introduce ‘LTE-M Indication enumerated (TRUE) optional’ in RRCConnectionSetupComplete message.
Table 4: TP for LTE-M indication in RRCConnectionSetupComplete message
	–
RRCConnectionSetupComplete
The RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

<Omitted IEs >
RRCConnectionSetupComplete-v1540-IEs ::= SEQUENCE {


gummei-Type-v1540




ENUMERATED {mappedFrom5G}

OPTIONAL,


guami-Type-r15





ENUMERATED {native, mapped}

OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-r16xy-IEs 





OPTIONAL

}

RRCConnectionSetupComplete-r16xy-IEs ::= SEQUENCE {


lte-M-Indication-r16



ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

RegisteredAMF-r15
::=



SEQUENCE {


plmn-Identity-r15




PLMN-Identity





OPTIONAL,


amf-Identifier-r15




AMF-Identifier-r15

}

-- ASN1STOP

RRCConnectionSetupComplete field descriptions
attachWithoutPDN-Connectivity

This field is used to indicate that the UE performs an Attach without PDN connectivity procedure, as indicated by the upper layers and specified in TS 24.301 [35].
cp-CIoT-EPS-Optimisation
This field is included when the UE supports the Control plane CIoT EPS Optimisation, as indicated by the upper layers, see TS 24.301 [35].
ce-ModeB

Indicates whether the UE supports operation in CE mode B, as specified in TS 36.306 [5].
connectTo5GC

This field is not used in the specification. It shall not be sent by the UE.
dcn-ID

The Dedicated Core Network Identity, see TS 23.401 [41].

guami-Type

This field is used to indicate whether the GUAMI included is native (derived from native 5G-GUTI) or mapped (from EPS, derived from EPS GUTI) as specified in TS 24.501 [95].
gummei-Type

This field is used to indicate whether the GUMMEI included is native (assigned by EPC) or mapped. The value native indicates the GUMMEI is native, mapped indicates the GUMMEI is mapped from 2G/3G identifiers, and mappedFrom5G indicates the GUMMEI is mapped from 5G identifiers. A UE that sets gummei-Type-v1540 to mappedFrom5G shall also include gummei-Type-r10 and set it to native.
idleMeasAvailable

Indication that the UE has idle mode measurement report available.
Lte-M-Indication

This field indicates UE supports category M1 and only sent when UE selected 5GC.
mmegi

Provides the Group Identity of the registered MME within the PLMN, as provided by upper layers, see TS 23.003 [27].

<Remaining rows omitted>



SA2 has only introduced the LTE-M indication for 5GC. 

Proposal 4: The LTE-M indication in RRCConnectionSetupComplete message only sent when UE selected 5GC or is registered on 5GC. 

2.2 UE in CE 

A UE in CE in effect acts as a category M UE by using the common control channels (MPDCCH, PRACH, paging, PBCH, etc) and procedures defined for category M UE. A A UE in CE is a normal LTE UE hence it supports one or more of categories other than category M1 and M2. This then raises the question how does network know exactly what Cat M capabilities such a UE supports. By default, A UE in CE in can be assumed to support the same capabilities as category M1 (this is the minimum capability needed to access cell in CE mode). There are also bunch of extended coverage capabilities that UE can signal and example of these capabilities are shown in Table 5.
Table 5 Example list of UE capabilities associated with CE operation
	

	ce Mode A / ce Mode B

	intraFreqA3-CE-ModeA / intraFreqA3-CE-ModeB

	unicastFrequencyHopping

	tm9-CE-ModeA / tm9-CE-ModeB

	ce-SwitchWithoutHO

	ce-PUSCH-NB-MaxTBS

	e-PDSCH-PUSCH-MaxBandwidt

	ce-HARQ-AckBundling

	ce-PDSCH-TenProcesses

	ce-PDSCH-PUSCH-Enhancement


From the various CE capabilities, the eNB has sufficient information to properly configure the UE in CE without knowing UE is Cat M1 or M2. 
Observation 2: 
For proper extended mode operation a UE in CE does not need to signal UE category M1 and M2.

Summary

This paper reviews the Cat M capability indication and the relationship between LTE-M indication in RRC message for 5GC. The review leads to following observations and proposals.

Observation 1: 
A UE signalling category M1 and optionally M2 should not signal any other UE category.

Observation 2: 
For proper extended mode operation a UE in CE does not need to signal UE category M1 and M2.

Proposal 1: RAN2 clarify in TS 36.306 that a UE signalling Cat M1 and optionally Cat M2 shall not signal any other UE category.

Proposal 2: UE signalling category M1 shall set the LTE-M indication in RRCConnectionSetupComplete message.

Proposal 3: Introduce ‘LTE-M Indication enumerated (TRUE) optional’ in RRCConnectionSetupComplete message.

Proposal 4: The LTE-M indication in RRCConnectionSetupComplete message only sent when UE selected 5GC or is registered on 5GC. 
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