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1
Introduction
This a revision of R2-1805076 [1]. Compared to [1], the following changes have been made:

- Agreements in RAN1, RAN2 and RAN4 have been taken into account.
- A text proposal for the signaling has been included in annex.

Introduction of DL channel quality reporting was discussed in RAN1, RAN2 and RAN4 at the last meeting with the following agreements:
RAN1#92bis:

	Agreement:
For the downlink channel quality reporting in msg3:

· RAN1 assumes that the UE is not required to measure additional subframes for this feature (e.g., the measured subframes used for cell reselection before random access can be reused).

· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.

· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)

· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.

· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4. 

R1-1805407 LS on downlink channel quality report in Msg3 for NB-IoT



RAN2#101bis:

	· Will send LS to RAN4/RAN1 indicating number of available bits. 

R2-1806258
LS on DL Channel Quality Reporting in MSG3

RAN2 has discussed DL channel quality reporting in MSG3 and RAN2 agreed that 4 bits, i.e. 15 measured values (codepoint “0000” indicates absence of measurements), are available for the DL channel quality reporting in MSG3, except when MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization. When MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization only 2 bits, i.e. 3 measured values, are available. 

RAN2 kindly asks RAN4 to take this information into account in their work on DL channel quality metric. 


RAN4#86bis:

	R4-1805957
Way forward on NB-IOT channel quality reporting in MSG-3
Decision:

Approved
Backgrounds
· RAN4#86bis discussed the LS from RAN1 on NB-IoT downlink channel quality determination and report, and observed as follows:

· UE should estimate the SINR of the serving cell, where NPDCCH is transmitted, to be able to report the downlink channel quality, similar to RLM.

· SINR estimation for channel quality reporting could be based on a shorter evaluation period than RLM and using only the most recent measurement samples, e.g., NRS received during MSG2 decoding and MSG3 preparation.

· UE’s channel quality reporting in MSG3 is strictly conditioned on the successful decoding of MSG2. 
· RAN2 are going to decide the number of available bits used for MSG3-based quality reporting, but it is limited (e.g., at most 2-3 bits). 
Way forward

· Companies are encouraged to investigate the solution to report the channel quality in MSG3. 

· Option 1: Based on SINR estimation from MSG2

· Option 2: Based on the combination of actual repetition used until successful decoding of MSG2 and SINR estimation from MSG2

· Other options are not precluded. 

· Companies are encouraged to investigate the accuracy of the SINR measurement from MSG2 

· Other measurement period, e.g. before MSG1 transmission, is not precluded


In this document, we discuss the RAN2 impacts. 
2
Discussion 
2.1. Measurement reporting trigger
Similarly to the report of the serving cell idle mode measurements, whether the reporting should be enabled by an indication in system information should be discussed. 
According to RAN1 LS, the downlink channel quality will be included in MSG3. Considering that MSG3 has a fixed size, this does not mean additional bits on the air. However, this requires additional processing at the UE, which will be wasted if the eNB ignores the information.

Proposal 1: Introduce an indication cqi-Reporting in SIB2-NB to enable the downlink channel quality reporting in MSG3.

2.2 Measurement reporting

In the LS to RAN4 [3]. RAN2 has assumed that a 4-bit value will be included in MSG3 except for RRCConnectionReestablishmentRequest-NB message for the Control Plane where only 2 bits are available. 
In parallel, RAN4 has assumed that RAN2 will decide how many bits and assumed at most 2-3 bits

Proposal 2: Introduce a 3-bit value in RRCConnectionRequest-NB, RRCConnectionResumeRequest-NB and RRCConnectionReestablishmentRequest-NB for the user plane. 
Proposal 3: Introduce a 2-bit value in RCConnectionReestablishmentRequest-NB for the control plane. 
According to RAN1 LS, the downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%., The exact metric is to be defined by RAN4 and the signalling in RAN2. 

We think that the following options could be suitable ways to represent the downlink channel quality:

1. Option 1: NPDCCH repetition number (e.g. 1, 2, …, 1536, 2048)

2. Option 2: 1 to the NPDCCH maximum repetition number in type2-CSS (e.g., 1, 1/2, 1/4, 1/8 …) 
3. Option 3: a mapping table similar to NRSRP/NRSRQ measurement 

Option 3 is the approach the most transparent to RAN2 and facilitate the reservation of the ‘0’ code point for backward compatibility. 
Proposal 4:  Introduce the DL channel quality as Integer (0..x) with the mapping being defined in RAN4 specification, similarly to NRSRP/NRSRQ reporting.
2.3 DL channel quality measurement

RAN4 has encouraged companies to investigate solution to report the channel quality in MSG3 measured during MSG2 reception but has not precluded other measurement period, e.g. before MSG1 transmission.

The impact on RAN2 specification will be very different in the two cases:

·  If the measurement is performed during MSG1/MSG2, the modelling of MSG3 transmission in RRC and MAC needs to be changed, as it will no longer be possible to build and submit MSG3 to lower layers before initiating the random access procedure in MAC.

·  If the measurement is perfomed before MSG1, there is no fundamental change to RAN2 specification except for including the measurement results in MSG3.
Proposal 5: Wait for RAN4 to conclude on the measurement solution before proceeding with the details in RAN2.
2.2.3 UE capability

RAN1 has agreed that the feature was optional. There is no need for UE capability signalling.
Proposal 6: Report of the downlink channel quality in MSG3 is optional at the UE without capability signalling.

3 Conclusion
In this document, we have discussed the reporting of the downlink channel quality in MSG3 and made the following proposals:

Proposal 1: Introduce an indication cqi-Reporting in SIB2-NB to enable the downlink channel quality reporting in MSG3.

Proposal 2: Introduce a 3-bit value in RRCConnectionRequest-NB, RRCConnectionResumeRequest-NB and RRCConnectionReestablishmentRequest-NB for the user plane. 
Proposal 3: Introduce a 2-bit value in RCConnectionReestablishmentRequest-NB for the control plane. 
Proposal 4:  Introduce the DL channel quality as Integer (0..x) with the mapping being defined in RAN4 specification, similarly to NRSRP/NRSRQ reporting.
Proposal 5: Wait for RAN4 to conclude on the measurement solution before proceeding with the details in RAN2.
Proposal 6: Report of the downlink channel quality in MSG3 is optional at the UE without capability signalling.

A text proposal to capture the signalling in RRC is provided in Annex.
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ANNEX: Text Proposal for the signalling in RRC
	Next change


6.7.2
NB-IoT Message definitions

–
RRCConnectionReestablishmentRequest-NB
The RRCConnectionReestablishmentRequest-NB message is used to request the reestablishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionReestablishmentRequest-NB message
-- ASN1START

RRCConnectionReestablishmentRequest-NB ::= SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionReestablishmentRequest-r13












RRCConnectionReestablishmentRequest-NB-r13-IEs,



later







CHOICE {




rrcConnectionReestablishmentRequest-r14












RRCConnectionReestablishmentRequest-NB-r14-IEs,




criticalExtensionsFuture

SEQUENCE {}



}


}

}

RRCConnectionReestablishmentRequest-NB-r13-IEs ::= SEQUENCE {


ue-Identity-r13





ReestabUE-Identity,


reestablishmentCause-r13


ReestablishmentCause-NB-r13,

cqi-NPDCCH-r14





CQI-NPDCCH-NB-r14,

spare







BIT STRING (SIZE (22))

}

RRCConnectionReestablishmentRequest-NB-r14-IEs ::= SEQUENCE {


ue-Identity-r14





ReestabUE-Identity-CP-NB-r14,


reestablishmentCause-r14


ReestablishmentCause-NB-r13,


cqi-NPDCCH-Short-r14



CQI-NPDCCH-Short-NB-r14,

spare







BIT STRING (SIZE (2))

}

ReestablishmentCause-NB-r13 ::=


ENUMERATED {












reconfigurationFailure, otherFailure, 












spare2, spare1}

ReestabUE-Identity-CP-NB-r14 ::=

SEQUENCE {


s-TMSI-r14







S-TMSI,


ul-NAS-MAC-r14






BIT STRING (SIZE (16)),


ul-NAS-Count-r14





BIT STRING (SIZE (5))

}

-- ASN1STOP

	RRCConnectionReestablishmentRequest-NB field descriptions

	cqi-NPDCCH, cqi-NPDCCH-Short
Downlink channel quality. See TS 36.133 [16].

	reestablishmentCause

Indicates the failure cause that triggered the re-establishment procedure.

eNB is not expected to reject a RRCConnectionReestablishmentRequest due to unknown cause value being used by the UE.

	ue-Identity

UE identity included to retrieve UE context and to facilitate contention resolution by lower layers.

	ul-NAS-Count

For description of this field see TS 33.401 [32].

	ul-NAS-MAC

For description of this field see TS 33.401 [32].


	Next change


–
RRCConnectionRequest-NB
The RRCConnectionRequest-NB message is used to request the establishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionRequest-NB message
-- ASN1START

RRCConnectionRequest-NB ::=

SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r13


RRCConnectionRequest-NB-r13-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionRequest-NB-r13-IEs ::=

SEQUENCE {


ue-Identity-r13






InitialUE-Identity,


establishmentCause-r13




EstablishmentCause-NB-r13,


multiToneSupport-r13




ENUMERATED {true}



OPTIONAL,


multiCarrierSupport-r13




ENUMERATED {true}



OPTIONAL,


cqi-NPDCCH-r14






CQI-NPDCCH-NB-r14,

spare








BIT STRING (SIZE (19))

}

-- ASN1STOP

	RRCConnectionRequest-NB field descriptions

	cqi-NPDCCH
Downlink channel quality. See TS 36.133 [16].

	establishmentCause

Provides the establishment cause for the RRC connection request as provided by the upper layers. 

eNB is not expected to reject a RRCConnectionRequest due to unknown cause value being used by the UE.

	multiCarrierSupport

If present, this field indicates that the UE supports multi-carrier operation.

	multiToneSupport

If present, this field indicates that the UE supports UL multi-tone transmissions on NPUSCH.

	ue-Identity

UE identity included to facilitate contention resolution by lower layers.


	Next change


–
RRCConnectionResumeRequest-NB
The RRCConnectionResumeRequest-NB message is used to request the resumption of a suspended RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionResumeRequest-NB message
-- ASN1START

RRCConnectionResumeRequest-NB ::=
SEQUENCE {


criticalExtensions





CHOICE {



rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-NB-r13-IEs,



criticalExtensionsFuture



SEQUENCE {}


}

}

RRCConnectionResumeRequest-NB-r13-IEs ::=
SEQUENCE {


resumeID-r13







ResumeIdentity-r13,


shortResumeMAC-I-r13





ShortMAC-I,


resumeCause-r13







EstablishmentCause-NB-r13,


cqi-NPDCCH-r14







CQI-NPDCCH-NB-r14,

spare









BIT STRING (SIZE (6))

}

-- ASN1STOP

	RRCConnectionResumeRequest-NB field descriptions

	cqi-NPDCCH
Downlink channel quality. See TS 36.133 [16].

	resumeCause

Provides the resume cause for the RRC connection resume request as provided by the upper layers. 

eNB is not expected to reject a RRCConnectionResumeRequest due to unknown cause value being used by the UE.

	resumeID

UE identity to facilitate UE context retrieval at eNB.

	shortResumeMAC-I

Authentication token to facilitate UE authentication at eNB.


	Next change


6.7.3.1
NB-IoT System information blocks

–
SystemInformationBlockType2-NB

The IE SystemInformationBlockType2-NB contains radio resource configuration information that is common for all UEs.

NOTE:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

SystemInformationBlockType2-NB information element
-- ASN1START

SystemInformationBlockType2-NB-r13 ::=
SEQUENCE {


radioResourceConfigCommon-r13


RadioResourceConfigCommonSIB-NB-r13,


ue-TimersAndConstants-r13



UE-TimersAndConstants-NB-r13,


freqInfo-r13






SEQUENCE {



ul-CarrierFreq-r13





CarrierFreq-NB-r13


OPTIONAL,
-- Need OP



additionalSpectrumEmission-r13


AdditionalSpectrumEmission


},


timeAlignmentTimerCommon-r13


TimeAlignmentTimer,


multiBandInfoList-r13
SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission

OPTIONAL,
-- Need OR


lateNonCriticalExtension



OCTET STRING




OPTIONAL,


...,


[[
cp-Reestablishment-r14



ENUMERATED {true}



OPTIONAL
-- Need OP


]],


[[
cqi-Reporting-r14




ENUMERATED {true} 



OPTIONAL
-- Need OR

]]
}

-- ASN1STOP

	SystemInformationBlockType2-NB field descriptions

	additionalSpectrumEmission

The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, 6.2.4F].

	cp-Reestablishment

This field indicates if the NB-IoT UE is allowed to trigger RRC connection re-establishment when AS security has not been activated.

	cqi-Reporting
This field indicates if reporting of the downlink channel quality in RRCConnectionReestablishmentRequest-NB, RRCConnectionResumeRequest-NB and RRCConnectionRequest-NB is allowed.

	multiBandInfoList

A list of additionalSpectrumEmission i.e. one for each additional frequency band included in multiBandInfoList in SystemInformationBlockType1-NB, listed in the same order.

	ul-CarrierFreq

Uplink carrier frequency as defined in TS 36.101 [42, 5.7.3F]. If operationModeInfo in the MIB-NB is set to standalone and the field is absent, the value of the carrier frequency is determined by the TX-RX frequency separation defined in TS 36.101 [42, table 5.7.4-1] and the value of the carrier frequency offset is 0. If operationModeInfo in the MIB-NB is not set to standalone, the field is mandatory present.


	Next change


6.7.3.5
NB-IoT Measurement information elements


–
CQI-NPDCCH-NB
The IE CQI-NPDCCH-NB represents the downlink channel quality measurement. Integer value for the CQI-NPDCCH measurements is according to mapping table in TS 36.133 [16, Table TBD]. The value 0 indicates no measurement reporting.
CQI-NPDCCH-NB information element

-- ASN1START
CQI-NPDCCH-NB-r14

::=

Integer (0..7)
-- ASN1STOP
–
CQI-NPDCCH-Short-NB
The IE CQI-NPDCCH-Short-NB represents the short version of the downlink channel quality measurement. Integer value for the CQI-NPDCCH-Short measurements is according to mapping table in TS 36.133 [16, Table TBD2]. The value 0 indicates no measurement reporting.
.

CQI-NPDCCH-Short-NB information element

-- ASN1START
CQI-NPDCCH-Short-NB-r14::=
INTEGER (0..2)

-- ASN1STOP
