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1	Introduction
The Rel-16 work item [1] includes the following objectives for LTE-MTC 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 and RAN1#96 the following relevant agreements were made [3] :
RAN1#94:

	R1-1809527	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung	

Agreement
Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:
· CQI (for CE Mode A)
· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 
· FFS if aggregation level needs to be reported when repetition number equal to 1
· RSRP/RSRQ
Companies are encouraged to provide details and/or performance evaluation results

Agreement
Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. 
Above applies in case the UE supports DL quality report in Msg3.



RAN1#94bis:

	R1-1811691	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung

Agreement
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%

Agreement
For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%

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

Agreement
Enabling of DL quality report is indicated in SIB.



RAN1#95:

	R1-1813741	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung

Agreement
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%

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



RAN1#96:

	R1-1903297	Feature summary of 6.2.1.5 quality report in Msg3 and Connected Mode	Samsung
R1-1903517	Remaining issues on MTC DL quality report	Samsung

Agreement
For DL quality report in Msg3:
· If frequency hopping for MPDCCH is enabled, at least wideband DL quality is reported.
· Wideband DL quality is calculated assuming transmission on all narrowband(s) to which the derived repetition number and/or aggregation level relates.
· FFS if additionally reports DL quality on a preferred narrowband and/or position of the preferred narrowband.
· If frequency hopping for MPDCCH is disabled, DL quality based on one narrowband is reported.

Agreement
For DL quality report in connected mode
· DL quality is with respect to USS for both CE mode A and CE mode B.
· DL quality is measured at least on narrowband(s) on which MPDCCH of USS is monitored.

Agreement:
For DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1):
· If the repetition number in DL quality information is larger than 1, only repetition number is reported with pre-defined maximum aggregation level;
· If the repetition number in DL quality information equals to 1, FFS between: 
· Only aggregation level is reported with pre-defined repetition number equals to 1
· Repetition number equals to 1 is reported with pre-defined [maximum] aggregation level


· 
In RAN2#103bis, RAN2#104 and RAN2#105 the following relevant agreements were made [2]:
RAN2#103bis agreements:
Quality report in Msg3 is introduced for EDT. FFS for non-EDT.

RAN2#104 agreements:
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.

RAN2#105 agreements:
UE reports at most one DL quality measurement in Msg3 transmission. This is pending RAN1 agreement.
For EDT, new MAC CE will be defined to report the channel quality in Msg3. FFS whether an LCID (lowest priority) or eLCID is used.
Channel quality in Msg3 is reported with no explicit differentiation on whether the measurement was made in T1 or T2.

A downlink quality reporting mechanism has been already introduced for NB-IoT aiming to minimize the number of repetitions used for NPDCCH and PDSCH to save energy and resources. The same benefits can be useful for eMTC. 
Although RAN1 has not decided the exact content of the report, the agreed options allow us to define the number of bits required for such report. This paper discusses these options and provides useful indications for RAN1 studies.

[bookmark: _Ref178064866]2	Discussion
According to the RAN1 agreements shown in the introduction, in CEmodeB the number of repetitions only will be reported by the UE, whereas for CEmodeA also the Aggregation Level (AL) could be reported together with the number of repetitions. Regarding CEmodeA, if the AL is reported, this represents the worst case, or the highest number of possible codepoints to report, otherwise CEmodeA would have the same format as CEmodeB.
In eMTC the MPDCCH AL represents the number of ECCEs in which the information symbols are multiplexed, and ultimately it represents the number of PRBs used. Similar to the number of repetitions, the higher the AL is, the better is the coverage capability. For MPDCCH the possible ALs are 2, 4, 8, 16 or 24 ECCEs [4].
The RAN1 agreements state that AL would be reported only if the number of repetitions is 1, therefore an upper limit for the total number of codepoints to report is 14: 5 for 1 repetition and AL, 8 for repetitions number from 2 to 256 and one to report “no measurement available”. This case is represented in the second column of Table 1.
[bookmark: _Toc4601270]If AL is included for CEmodeA, 14 codepoints are sufficient for quality report
For CEmodeB, or for CEmodeA in case AL is not reported, the total number of codepoints needed is 10, 9 for number of repetitions from 1 to 256 and one to report “no measurement available”. This case is represented in the third column of Table 1.
[bookmark: _Toc4601271]For CEmodeB, or for CEmodeA if AL is not included, 10 codepoints are sufficient for quality report
In principle it is possible to create a format for Quality Report suitable for both CEmodeA and CEmodeB. If AL is not reported they already have the same format as in observation 2. If AL is included it is sufficient to add to the format mentioned in observation 1 another codepoint for “1 repetition without AL”. In case 1 repetition is measured, a UE in CEmodeB will report always this codepoint, a UE in CEmodeA will report one of the codepoints containing also the AL. This case, represented in the fourth column of Table 1, requires the definition of 15 codepoints.
[bookmark: _Toc4601272]A combined format can be defined for CEmodeA and CEmodeB, requiring 15 codepoints if AL is reported in CEmodeA
[bookmark: _Ref3796222]Table 1: Meaning of Quality Report Codepoints in case of MPDCCH AL is reported or not and combined report
	Quality Report Codepoint
	Meaning (AL)
	Meaning 
(no AL)
	Meaning
(combined)

	0000
	1 repetition – 2 ECCEs
	1 repetition
	1 repetition – 2 ECCEs

	0001
	1 repetition – 4 ECCEs
	2 repetitions
	1 repetition – 4 ECCEs

	0010
	1 repetition – 8 ECCEs
	4 repetitions
	1 repetition – 8 ECCEs

	0011
	1 repetition – 16 ECCEs
	8 repetitions
	1 repetition – 16 ECCEs

	0100
	1 repetition – 24 ECCEs
	16 repetitions
	1 repetition – 24 ECCEs

	0101
	2 repetitions
	32 repetitions
	1 repetition – no AL reported

	0110
	4 repetitions
	64 repetitions
	2 repetitions

	0111
	8 repetitions
	128 repetitions
	4 repetitions

	1000
	16 repetitions
	256 repetitions
	8 repetitions

	1001
	32 repetitions
	Spare
	16 repetitions

	1010
	64 repetitions
	Spare
	32 repetitions

	1011
	128 repetitions
	Spare
	64 repetitions

	1100
	256 repetitions
	Spare
	128 repetitions

	1101
	Spare
	Spare
	256 repetitions

	1110
	Spare
	Spare
	Spare

	1111
	NoMeasurement
	NoMeasurement
	NoMeasurement



As it is clear by observing Table 1, all these formats require 4 bits. Therefore, we can consider this as a reasonable working assumption for future works.
[bookmark: _Toc4601273]4 bits are sufficient to report the channel quality for both CEmodeA and CEmodeB according to RAN1 agreements
RAN2 agreed to implement the Quality Report as a MAC CE. MAC CE size is always a multiple of 8 bits, therefore the smallest MAC CE able to contain the quality report is 8 bits. This means that further 4 bits are available to contain other information.
In fact, RAN1 is discussing the possibility to report other information apart from the quality report itself, such as the preferred narrowband index or whether a wideband measurement was performed or not.
[bookmark: _Toc4601274]At least 4 bits can be added to the MAC CE to report other information regarding the measurement (e.g. Preferred Narrowband Index)
Nevertheless, the RAN1 discussion is still ongoing and it might lead to an even more efficient use of the bits available. Also, it is preferable to keep the quality report size as small as possible (8 bits). At this stage we propose to communicate to RAN1 the following.
[bookmark: _Toc4601275]Send LS informing RAN1 about the available bits for quality report (8 bits) which should include both the quality report and further information. Also RAN1 should aim to maximize the number of spare bits in the MAC CE for future extensions.
A draft of the LS is provided in [5].

Conclusion
In the previous sections we made the following observations: 
Observation 1	If AL is included for CEmodeA, 14 codepoints are sufficient for quality report
Observation 2	For CEmodeB, or for CEmodeA if AL is not included, 10 codepoints are sufficient for quality report
Observation 3	A combined format can be defined for CEmodeA and CEmodeB, requiring 15 codepoints if AL is reported in CEmodeA
Observation 4	4 bits are sufficient to report the channel quality for both CEmodeA and CEmodeB according to RAN1 agreements
Observation 5	At least 4 bits can be added to the MAC CE to report other information regarding the measurement (e.g. Preferred Narrowband Index)


Based on the discussion in the previous sections we propose the following:
Proposal 1	Send LS informing RAN1 about the available bits for quality report (8 bits) which should include both the quality report and further information. Also RAN1 should aim to maximize the number of spare bits in the MAC CE for future extensions.
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