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1 Introduction

In RAN #80 meeting, new WID on Rel-16 MTC enhancements for LTE was agreed [1]. One of the objectives is studying DL quality report in Msg3. In RAN #82 meeting, quality report in connected mode has been added to the revised WID [2]:

	· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]


In RAN1 #94bis, the following agreements were made:

	· For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:

- CQI

- The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

- Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

· CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.

· Enabling of DL quality report is indicated in SIB.


In RAN1 #95, the following agreements were made:

	· DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message

· For CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%


In RAN2 #103bis, the following agreements were made:

	· Quality report in Msg3 is introduced for EDT

- FFS for non-EDT.


In RAN2 #104, the following agreements were made:

	· RAN2 waits for progress on the discussion of MT-EDT before deciding on whether channel quality report in Msg3 is introduced for EDT.

· Channel quality report in Msg3 is introduced for non-EDT


After RAN2 #104, an email discussion [104#50][eMTC R16] Quality report in Msg3 has been assigned. In this contribution, based on the progress of email discussion, we will discuss some remaining issues and give our proposals.
2 Discussion

#Issue 1: Channel quality report in RRC_IDLE mode
During the email discussion [104#50][eMTC R16] Quality report in Msg3, according to the RAN1 agreement that the quality report should be transmitted via higher layer signalling, the following three options have been discussed:

· Option 1: MAC sub-header

· Option 2: MAC CE

· Option 3: RRC message 
As more companies prefer Option 2, a few companies want Option 1 and only 1 company prefer Option 3, the rapporteur propose that new MAC CE will be defined to report the channel quality in Msg3 and MAC sub-header can be further considered after RAN1 decides the bit size. 

However, we still concern about the issue of consumption for reserved LCIDs and some other issues in Option 1 and Option 2, here we want to emphasize them again.
For Option 1, if the first R bit and F2 field in the MAC sub-header are used, two bits can only carry 4 values, it’s highly possible not enough for quality reporting (especially if we consider future extension). Moreover, as there may have several MAC PDU sub-headers in an eMTC Msg3 MAC PDU, the reserved bits in all the MAC PDU sub-headers may need to carry same channel quality information. Such redundant information reporting is obviously undesired. In order to avoid such process and to allow the quality reporting be carried in only one MAC sub-header, new LCID (s) would be needed to distinguish the MAC sub-header with channel quality reporting from the MAC sub-header without channel quality reporting. We take MAC sub-header for eMTC CCCH SDU for consideration as it’s mandatory. Taken into account that this MAC sub-header already needs two LCIDs to differentiate with or without indication of support of frequency hopping for unicast, in order to deal with the combination of indication of quality reporting and indication of support of frequency hopping for unicast, at least two new LCIDs are needed. 

Observation 1: If the first R bit and F2 field in the MAC sub-header are used, only carry 4 values can be provided and it’s highly possible not enough for the channel quality reporting. Furthermore, it will cause undesired consumption for reserved LCIDs.

For Option 2, if new MAC CE is used for quality reporting, more reporting values can be provided with 8bits length. But it may be not necessary as we obviously don’t need at most 256 values. Furthermore, new MAC CE will add at least 8bits payload to Msg3. If we directly introduce the quality information into extended RRC Msg3, as the required bits can be flexible defined, maybe a value less than 8bits is enough. Moreover, after introducing a new MAC CE, a regular way is to also define a new MAC sub-header and new LCID for indicating this new MAC CE. But as new MAC sub-header will further add 8bits overhead (cause total 16bits overhead), most companies don’t want this way. Then similar to the Option 1, only using reserved LCID to indicate CCCH plus Msg3 Quality report (in the existing MAC sub-header for CCCH) is more preferred. But the same issue of consumption for reserved LCIDs as that for Option 1 also exists. During the discussion for eMTC, one company think maybe only one new LCID is enough, we cannot agree as at least two new LCIDs are needed to indicate the cases of “CCCH + Msg3 Quality report” and “CCCH + support of frequency hopping for unicast + Msg3 Quality report”.
Observation 2: The scheme of new MAC CE for quality reporting will add at least 8bits overhead to Msg3 and cause undesired consumption for reserved LCIDs.

Generally to say, we don’t like the way of “new MAC CE + existing MAC sub-header + new LCID” for sending new information in Msg3. As mentioned above, each time we want to add new MAC CE, the reserved LCIDs will be (unnecessary) consumed with multiple times. Moreover, the overhead will increased with times of fixed 8bits.
It has been agreed in RAN1 that for CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%. Considering the aggregation level 
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, we guess at most 7 bits or a smaller value of 5 bits may be enough to represent all possible status values.
Proposal 1: It’s suggest to reuse the Rel-14 Msg3 quality reporting mechanism, e.g., through RRC message, for DL channel quality reporting in Msg3. The length of 7 bits may be enough.
In NB-IoT, RRC message used for DL quality report in Msg3 has been specified. As many spare bits are reserved in Msg3, it has small impacts on the specification to use RRC message for quality report. Due to the different message structure of Msg3 between NB-IoT and eMTC, it may be some complicated to extend Msg3 for supporing DL quality report in eMTC but we think the feasibility is no problem.

According to some analysis in the previous meeting, for eMTC and non-EDT case, there have only one spare bit in the RRCConnectionRequest /RRCConnectionResumeRequest messages and two spare bits in the RRCConnectionReestablishmentRequest message. 
As both of RRCConnectionRequest and RRCConnectionReestablishmentRequest messages have a region of criticalExtensionsFuture, they can be extended for including quality report. The example ASN.1 modification show in ANNEX A.3 & A.4. 

However, the message RRCConnectionResumeRequest does not have a region of criticalExtensionsFuture and cannot be extended. It needs to be redesignd and the example ASN.1 modification show in ANNEX A.5. The extended message can be used for non-EDT case and UP-EDT cases.
For CP-EDT, there has no spare bit in the RRCEarlyDataReqest message but with a region of criticalExtensionsFuture. Therefore, this message can be also extended for including quality report. The example ASN.1 modification show in ANNEX A.6.
Observation 3: There have no enough room for the RRCConnectionRequest/RRCConnectionReestablishmentRequest/RRCEarlyDataReqest messages to include the DL channel quality report. As these messages have a region of criticalExtensionsFuture, they can be extended.

Observation 4: There have no enough room for the RRCConnectionResumeRequest message to include the DL channel quality report. As there has no region of criticalExtensionsFuture, it needs to be redesigned.
2.2 Channel quality report in RRC_CONNECTED Mode

For DL channel quality report in eMTC, we understand that the MPDCCH repetition number and aggregation level reflect a long term channel state of the UE, so the measurement action should be executed in a ceratin time period. Even the UE might already report the channel quality in Msg3 during state transition from idle to connected, sometimes the eNB still needs to get a new channel quality measured in the most recent period for better scheduling. 

As one of the related objectives in WID is to support aperiodic quality report in connected mode, we think the more simple way is to allow the eNB to trigger the reporting. That is, only when the UE gets the indication of requesting DL channel quality measurement and report, the UE would start the DL channel quality measurement. We assume such indication may be very short, e.g., no complicated configuration, either DL MAC CE or physical layer indication can be considered to carry this indication. Also as DL channel quality measurement in eMTC is a long-term procedure, it’s no need to send such indication very fast, maybe MAC CE is more suitable. 

Proposal 2: An indication from eNB to UE to trigger the DL channel quality measurement and report in RRC_CNNECTED mode would be needed. Either DL MAC CE or physical layer indication can be considered to carry this indication.
Also as DL channel quality measurement in eMTC is a long-term procedure, for UE, it’s also no need to send the report very fast or frequently. That is, after the UE receives the trigger indication, the UE would start to perform the measurement. Only when the UE finish this measurement, the UE can report it through UL MAC CE or UL RRC message. For eMTC, we think it’s more straightforward to use MeasurementReport message.

Proposal 3: The RRC MeasurementReport message can be used for reporting DL channel quality measurement in RRC_CNNECTED mode.

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: If the first R bit and F2 field in the MAC sub-header are used, only carry 4 values can be provided and it’s highly possible not enough for the channel quality reporting. Furthermore, it will cause undesired consumption for reserved LCIDs.
Observation 2: The scheme of new MAC CE for quality reporting will add at least 8bits overhead to Msg3 and cause undesired consumption for reserved LCIDs.

Observation 3: There have no enough room for the RRCConnectionRequest/RRCConnectionReestablishmentRequest/RRCEarlyDataReqest messages to include the DL channel quality report. As these messages have a region of criticalExtensionsFuture, they can be extended.

Observation 4: There have no enough room for the RRCConnectionResumeRequest message to include the DL channel quality report. As there has no region of criticalExtensionsFuture, it needs to be redesigned.
Proposal 1: It’s suggest to reuse the Rel-14 Msg3 quality reporting mechanism, e.g., through RRC message, for DL channel quality reporting in Msg3. The length of 7 bits may be enough.

Proposal 2: An indication from eNB to UE to trigger the DL channel quality measurement and report in RRC_CNNECTED mode would be needed. Either DL MAC CE or physical layer indication can be considered to carry this indication.
Proposal 3: The RRC MeasurementReport message can be used for reporting DL channel quality measurement in RRC_CNNECTED mode.
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5 ANNEX
A.1
	TS 36.331 v15.3.0

6.2.1 General message structure
---       UL-CCCH-Message
The UL-CCCH-Message class is the set of RRC messages that may be sent from the UE to the E‑UTRAN on the uplink CCCH logical channel.

-- ASN1START

UL-CCCH-Message ::= SEQUENCE {


message




UL-CCCH-MessageType

}

UL-CCCH-MessageType ::= CHOICE {


c1





CHOICE {



rrcConnectionReestablishmentRequest

RRCConnectionReestablishmentRequest,



rrcConnectionRequest




RRCConnectionRequest


},


messageClassExtension
CHOICE {



c2





CHOICE {




rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13



},



messageClassExtensionFuture-r13
CHOICE {




c3





CHOICE {




rrcEarlyDataRequest-r15


RRCEarlyDataRequest-r15,

            



rrcConnectionResumeRequest-r16
RRCConnectionResumeRequest-r16, 

spare2
NULL, 

spare1
NULL




},




messageClassExtensionFuture-r15





}


}

}

-- ASN1STOP
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6.3.5 Measurement information elements

CQIAL-PDCCH

The IE CQIAL-PDCCH represents the downlink channel quality measurement. The value noMeasurements in CQI-PDCCH indicates no measurement reporting. The IE AL-PDCCH represents the aggregation level.
CQIAL-PDCCH information element
-- ASN1START

CQIAL-PDCCH-r16 ::= SEQUENCE {



CQI-PDCCH-r16 ::=
ENUMERATED {








noMeasurements, candidateRep-A, candidateRep-B, candidateRep-C,








candidateRep-D, candidateRep-E, candidateRep-F, candidateRep-G,








candidateRep-H, candidateRep-I}                         OPTIONAL

        AL-PDCCH-r16 ::=
ENUMERATED {1,2,4,8,16,12,24}           OPTIONAL
}

-- ASN1STOP
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6.2.2 Message definitions
RRCConnectionRequest message

-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,
        rrcConnectionRequest-r16            RRCConnectionRequest-r16-IEs,


}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}
EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

RRCConnectionRequest-r16-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,

cqial-PDCCH                         CQIAL-PDCCH,
spare







BIT STRING (SIZE (4)),
criticalExtensionsFuture             SEQUENCE {}
}
-- ASN1STOP

RRCConnectionRequest field descriptions
establishmentCause

Provides the establishment cause for the RRC connection request as provided by the upper layers. W.r.t. the cause value names: highPriorityAccess concerns AC11..AC15, 'mt' stands for 'Mobile Terminating' and 'mo' for 'Mobile Originating. eNB is not expected to reject a RRCConnectionRequest due to unknown cause value being used by the UE.
randomValue

Integer value in the range 0 to 240 ( 1.
cqial-PDCCH 

This field indicates the measured DL channel quality of the serving cell.
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6.2.2 Message definitions
RRCConnectionReestablishmentRequest message

-- ASN1START

RRCConnectionReestablishmentRequest ::= SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionReestablishmentRequest-r8












RRCConnectionReestablishmentRequest-r8-IEs,



rrcConnectionReestablishmentRequest-r16


RRCConnectionReestablishmentRequest-r16-IEs,

}

}

RRCConnectionReestablishmentRequest-r8-IEs ::= SEQUENCE {


ue-Identity






ReestabUE-Identity,


reestablishmentCause



ReestablishmentCause,


spare







BIT STRING (SIZE (2))

}

ReestabUE-Identity ::=



SEQUENCE {


c-RNTI







C-RNTI,


physCellId






PhysCellId,


shortMAC-I






ShortMAC-I

}

ReestablishmentCause ::=


ENUMERATED {











reconfigurationFailure, handoverFailure,











otherFailure, spare1}

RRCConnectionReestablishmentRequest-r16-IEs ::= SEQUENCE {


ue-Identity






ReestabUE-Identity,


reestablishmentCause



ReestablishmentCause,
cqial-PDCCH                         CQIAL-PDCCH,

spare







BIT STRING (SIZE (5)),
    criticalExtensionsFuture


SEQUENCE {}
}

-- ASN1STOP

RRCConnectionReestablishmentRequest field descriptions
physCellId

The Physical Cell Identity of the PCell the UE was connected to prior to the failure.

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.

cqial-PDCCH 

This field indicates the measured DL channel quality of the serving cell.
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6.2.2 Message definitions

RRCConnectionResumeRequest message
-- ASN1START

RRCConnectionResumeRequest-r13 ::=
SEQUENCE {


criticalExtensions





CHOICE {



rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13-IEs,




rrcConnectionResumeRequest-r15


RRCConnectionResumeRequest-5GC-r15-IEs


}

}

RRCConnectionResumeRequest-r13-IEs ::=

SEQUENCE {


resumeIdentity-r13







CHOICE {



resumeID-r13








ResumeIdentity-r13,



truncatedResumeID-r13






BIT STRING (SIZE (24))


},


shortResumeMAC-I-r13







BIT STRING (SIZE (16)),


resumeCause-r13








ResumeCause,


spare










BIT STRING (SIZE (1))

}

RRCConnectionResumeRequest-5GC-r15-IEs ::=

SEQUENCE {


resumeIdentity-r15







CHOICE {



fullI-RNTI-r15








I-RNTI-r15,



shortI-RNTI-r15








ShortI-RNTI-r15


},


shortResumeMAC-I-r15







BIT STRING (SIZE (16)),


resumeCause-r15








ResumeCause-r15,


spare










BIT STRING (SIZE (1))

}

ResumeCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

ResumeCause-r15 ::=


ENUMERATED {










emergency, highPriorityAccess, mt-Access, mo-Signalling,










mo-Data, rna-Update, mo-VoiceCall, spare1

}

RRCConnectionResumeRequest-r16 ::=
SEQUENCE {

   criticalExtensions


CHOICE {
    {    criticalExtensions




CHOICE {



      rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13-IEs,


rrcConnectionResumeRequest-r15


RRCConnectionResumeRequest-5GC-r15-IEs,

       }

         cqial-PDCCH            CQIAL-PDCCH
}

criticalExtensionsFuture  SEQUENCE {}
}

RRCConnectionResumeRequest-r13-IEs ::=

SEQUENCE {


resumeIdentity-r13







CHOICE {



resumeID-r13








ResumeIdentity-r13,



truncatedResumeID-r13






BIT STRING (SIZE (24))


},


shortResumeMAC-I-r13







BIT STRING (SIZE (16)),


resumeCause-r13








ResumeCause,


spare










BIT STRING (SIZE (1))

}

RRCConnectionResumeRequest-5GC-r15-IEs ::=

SEQUENCE {


resumeIdentity-r15







CHOICE {



fullI-RNTI-r15








I-RNTI-r15,



shortI-RNTI-r15








ShortI-RNTI-r15


},


shortResumeMAC-I-r15







BIT STRING (SIZE (16)),


resumeCause-r15








ResumeCause-r15,


spare










BIT STRING (SIZE (1))

}

ResumeCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

ResumeCause-r15 ::=


ENUMERATED {










emergency, highPriorityAccess, mt-Access, mo-Signalling,










mo-Data, rna-Update, mo-VoiceCall, spare1

}

RRCConnectionResumeRequest field descriptions
resumeCause

Provides the resume cause for the RRC connection resume request as provided by the upper layers. The network is not expected to reject a RRCConnectionResumeRequest due to unknown cause value being used by the UE.

resumeIdentity

UE identity to facilitate UE context retrieval at eNB

shortResumeMAC-I

Authentication token to facilitate UE authentication at eNB
cqial-PDCCH 

This field indicates the measured DL channel quality of the serving cell.
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6.2.2 Message definitions
RRCEarlyDataRequest message
-- ASN1START

RRCEarlyDataRequest-r15 ::=

SEQUENCE {


criticalExtensions




CHOICE {



rrcEarlyDataRequest-r15



RRCEarlyDataRequest-r15-IEs,



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCEarlyDataRequest-r15-IEs ::=
SEQUENCE {


s-TMSI-r15





S-TMSI,



establishmentCause-r15


ENUMERATED {
mo-Data-r15, delayTolerantAccess-r15},


dedicatedInfoNAS-r15




DedicatedInfoNAS,


nonCriticalExtension



RRCEarlyDataRequest-r16-IEs


OPTIONAL

}

RRCEarlyDataRequest-r16-IEs ::=
SEQUENCE {


cqial-PDCCH                         CQIAL-PDCCH,
    spare







BIT STRING (SIZE (3)),

nonCriticalExtension



SEQUENCE {}


OPTIONAL

}

-- ASN1STOP

RRCEarlyDataRequest field descriptions
establishmentCause

Provides the establishment cause for the RRC Early Data Request as provided by the upper layers. W.r.t. the cause value names: 'mo' stands for 'Mobile Originating'. eNB is not expected to reject a RRCEarlyDataRequest due to unknown cause value being used by the UE.

cqial-PDCCH 

This field indicates the measured DL channel quality of the serving cell.
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