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1	Introduction
The Rel 16 work-items [1] include the following objectives for eMTC enhancement:
· [bookmark: _Hlk515907705]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#94, RAN1#94bis, RAN1#95, RAN2#103bis and RAN2#104 the following relevant agreements were made [2][3] :
· 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.
· 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) and CE mode B, the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Enabling of DL quality report is indicated in SIB.

A Downlink quality reporting mechanism has been already introduced for NB-IoT aiming to minimize the number of repetitions used for NPDCCH to save energy and resources. The same benefits can be useful for eMTC. 
This paper discusses the implementation of the report message as both RRC message and MAC CE and proposes a choice for eMTC. 

[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk533079526]RAN1 has not agreed on the information to carry in Msg3 quality report. The quality report can contain the number of repetitions and/or the aggregation level. In this paper we assume it will contain only the number of repetitions, the most likely option. In case the aggregation level is included, the following discussion can be extended without major differences in the conclusions. 
MPDCCH supports from 1 up to 256 repetitions, therefore there are 9 possible candidate repetitions values that should be encoded. Moreover, as it is implemented for NB-IoT in Rel.14, there should be the possibility to report the absence of measurement. 
[bookmark: _Toc533088305][bookmark: _Toc424862][bookmark: _Toc1047313]For eMTC, 4 bits are sufficient to report all MPDCCH repetitions values plus a code point to indicate “no measurement performed”. 
In the remainder of the section we show, first, a possible implementation of the report as RRC message extension, valid only for eMTC since the equivalent report for NB-IoT is already implemented. We then show a possible implementation of the report as a MAC CE. Finally, the differences, pros and cons of these two options are discussed.
[bookmark: _Hlk533079591]2.1	RRC message based reporting
The new quality report indication could be implemented with 4 bits as follows.
-- ASN1START

CQI-MPDCCH-r16 ::=		ENUMERATED {
	noMeasurements, candidateRep-A, candidateRep-B, candidateRep-C, candidateRep-D, candidateRep-E, candidateRep-F, candidateRep-G, candidateRep-H, candidateRep-I, spare6, spare5, spare4, spare3, spare2, spare1
}

-- ASN1STOP

Instead of reusing the existing indication for NB-IoT it is preferable to define a new one since the range of values is different and different options may be implemented in the future.
As it will be explained in Section 2.3, the total size of the RRC messages transmitted in UL-CCCH should be increased by 16 bits, meaning that RRCConnectionRequest, RRCConnectionResumeRequest with truncated resume ID and RRCConnectionReestablishmentRequest should be 64 bits long, while RRCConnectionResumeRequest with full resume ID should be 80 bits.
The proposed message extensions that satisfy all the requirements are reported below.
-- ASN1START

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,
				rrcEarlyDataRequest-r16			 		RRCEarlyDataRequest-r16, 
				spare1	NULL
			},
			messageClassExtensionFuture-r15		SEQUENCE {}
		}
	}
}

RRCConnectionRequest ::=			SEQUENCE {
	criticalExtensions					CHOICE {
		rrcConnectionRequest-r8				RRCConnectionRequest-r8-IEs,
		criticalExtensionsFuture			CHOICE {
			rrcConnectionRequest-r16			RRCConnectionRequest-r16-IEs,
			criticalExtensionsFuture			SEQUENCE {}
		}
	}
}

RRCConnectionRequest-r16-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity,
	establishmentCause					EstablishmentCause,
	dl-MeasurementReport					CQI-MPDCCH-r16,
	spare									BIT STRING (SIZE (12))
}


RRCConnectionResumeRequest-r16 ::=	SEQUENCE {
	criticalExtensions						CHOICE {
		rrcConnectionResumeRequest-r16			RRCConnectionResumeRequest-r16-IEs,	
		spare1 NULL
	}
}

RRCConnectionResumeRequest-r16-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,
	dl-MeasurementReport							CQI-MPDCCH-r16,
	spare											BIT STRING (SIZE (10))
}

RRCConnectionReestablishmentRequest ::= SEQUENCE {
	criticalExtensions					CHOICE {
		rrcConnectionReestablishmentRequest-r8		RRCConnectionReestablishmentRequest-r8-IEs,
		criticalExtensionsFuture			CHOICE {
			rrcConnectionReestablishmentRequest-r16		RRCConnectionReestablishmentRequest-r16-IEs,
			criticalExtensionsFuture			SEQUENCE {}
		}
	}
}

RRCConnectionReestablishmentRequest-r16-IEs ::= SEQUENCE {
	ue-Identity							ReestabUE-Identity,
	reestablishmentCause				ReestablishmentCause,
	dl-MeasurementReport				CQI-MPDCCH-r16,
	spare								BIT STRING (SIZE (13))
}

-- ASN1STOP


Table 1 summarizes the resulting sizes of these RRC messages and the minimum TBS required for their transmission.
[bookmark: _Ref532550997]Table 1: Resulting sizes in bit of non-EDT RRC extended messages
	
	New RRC size
	Available spare bits
	RRC 
(total)
	Minimum TBS required

	Connection Request
	52
	12
	64
	72

	Connection Resume Request 
(resume ID)
	70
	10
	80
	88

	Connection Resume Request (TruncatedResume ID)
	54
	10
	64
	72

	Connection Reestablishment Request
	51
	13
	64
	72



For EDT, the legacy RRCEarlyDataRequest message has an undefined length as it contains the dedicatedInfoNAS field. In this case, shown below, the new field dl-MeasurementReport can be included assuming that an appropriate TBS should be granted.
-- ASN1START

RRCEarlyDataRequest-r16 ::=		SEQUENCE {
	criticalExtensions					CHOICE {
		rrcEarlyDataRequest-r16				RRCEarlyDataRequest-r16-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCEarlyDataRequest-r16-IEs ::=	SEQUENCE {
	s-TMSI-r15						S-TMSI,	
	establishmentCause-r15			ENUMERATED {	mo-Data-r15, delayTolerantAccess-r15},
	dl-MeasurementReport-r16			CQI-MPDCCH-r16,
	dedicatedInfoNAS-r15				DedicatedInfoNAS,
	nonCriticalExtension				SEQUENCE {}			OPTIONAL
}

-- ASN1STOP
2.2	MAC CE based reporting
The report can be implemented as a fixed length CE, represented in Figure 1, composed by the 4-bit dl-MeasReport field and 4 more spare bits.
The field dl-MeasReport represents the candidate number of repetitions to be used in MPDCCH as already agreed. Table 2 indicates how the content of dl-MeasReport field could be interpreted.


[bookmark: _Ref532551252]Figure 1: MPDCCH Quality report MAC CE
[bookmark: _Ref532551930]Table 2: dl-MeasReport values definition
	dl-MeasReport field
	Meaning (eMTC)

	0000
	1 repetition

	0001
	2 repetitions

	0010
	4 repetitions

	0011
	8 repetitions

	…
	…

	0111
	128 repetitions

	1000
	256 repetitions

	1001
	Reserved

	1010
	Reserved

	1011
	Reserved

	1100 - 1110
	Reserved

	1111
	No measurement



The introduction of a new MAC CE requires the definition of a new LCID to be included in the corresponding R/F2/E/LCID MAC sub-header, as depicted in Figure 2. For example, “10001” can be chosen for this scope, so Table 6.2.1-2 in [4] can be modified as follows.

	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	DL Quality Report

	10010
	AUL confirmation (4 octets)

	10011
	AUL confirmation (1 octet)

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding



Notice that allocating a new eLCID instead of a LCID would require the allocation of an even larger TBS (24 bits instead of 16) due to the larger MAC subheader.


[bookmark: _Ref800143]Figure 2: Quality Report MAC CE subheader
Provided that the UL Grant for Msg3 is large enough, the MAC entity should multiplex this MAC CE with any other message transmitted in the same MAC PDU. The overhead introduced by this MAC CE is 16 bits, 8 for the additional MAC Subheader, and 8 for the MAC CE itself.
2.3	On the TB Size needed
As it is clear from Sections 2.1 and 2.2, regardless on the solution adopted, it is required to extend the minimum TBS for Msg3. As it was already mentioned there are no enough spare bits in legacy messages to implement the new indication.
The legacy RRC messages have been dimensioned to generate a MAC PDU fitting exactly a TBS size of 72 bits for RRCConnectionResumeRequest with full resumeID and 56 bits for all the other ones.
In principle the messages may be extended only by the few necessary bits, but the next smallest TBS sizes available according to Table 3 and Table 4 (adopted from TS36.213), with respect to the legacy RRC messages, are 88 and 72 bits, which are 16 bits larger than the aforementioned legacy sizes. An RRC message extended by less than 16 bits would lead to a MAC PDU with padding bits which cannot be used. Implementing a 16 bits extension of the RRC messages allows us to have more spare bits available for future non-critical extensions compared to MAC CE solution.
[bookmark: _Ref533156093]Table 3: TBS table for Msg3 in CE mode A
	IMCS
	NPRB

	
	1
	2
	3
	6

	0
	16
	32
	56
	152

	1
	24
	56
	88
	208

	2
	32
	72
	144
	256

	3
	40
	104
	176
	328

	4
	56
	120
	208
	408

	5
	72
	144
	224
	504

	6
	328
	176
	256
	600

	7
	104
	224
	328
	712



[bookmark: _Ref533156095]Table 4: TBS table for Msg3 in CE mode B
	ITBS
	NPRB

	
	3
	6

	0
	56
	152

	1
	88
	208

	2
	144
	256

	3
	176
	328



[bookmark: _GoBack]In the same way the total size required to carry the MAC CE is 16 bits.
The extensions proposed in Section 2.1 and 2.2 are compliant to the above discussion.
[bookmark: _Toc424863][bookmark: _Toc1047314]Both MAC CE and RRC extension-based solutions require an extension of the minimum TBS of at least 16 bits.
2.4	Discussion on the report format
One of the WI objective, recently included during 3GPPRAN#82, requires the implementation of the same reporting mechanism also in connected mode for eMTC.
It is required to report the same metric for MPDCCH, therefore it makes sense to reuse the same data structure defined for idle mode reporting.
It is still to be discussed how the aperiodic reporting in connected mode should be triggered, but it is reasonable to think that by extending only RRC messages the reporting mechanism would have severe constraints since these messages are sent only at specific times. On the other hand, a MAC CE implementation could be more flexible in terms of including the report during any other UL transmission as it would be included in the same MAC PDU by MAC layer multiplexing function. Moreover, a MAC CE implementation does not require inter-layer interaction to rebuild the RRC MAC SDU once the measurement has been performed during T2.
[bookmark: _Toc424865][bookmark: _Toc1047315]For eMTC the report is implemented as a MAC CE as it provides better flexibility and less UE complexity
Conclusion
In the previous sections we made the following observations: 
Observation 1	For eMTC, 4 bits are sufficient to report all MPDCCH repetitions values plus a code point to indicate “no measurement performed”.
Observation 2	Both MAC CE and RRC extension-based solutions require an extension of the minimum TBS of at least 16 bits.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For eMTC the report is implemented as a MAC CE as it provides better flexibility and less UE complexity
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