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1. Introduction
The WID for Rel-16 MTC enhancements for LTE [1] has the following objectives:

· Specify quality report in Msg3 at least for EDT [RAN1, RAN2, RAN4]

· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]
Agreements made for this objective in RAN1 and RAN2, can be found in references [2] and [3].
In this contribution we discuss further aspects of the DL quality report in MSG3.
2. Discussion
Given the RAN1#97 agreement below, there is still a decision to made as to whether the UE should report only the wideband DL quality or the DL quality on just a preferred NB along with a location index to identify that preferred NB.

RAN1#97 Agreement:
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:

· Alternative 1: Only wideband DL quality is reported.

· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.

The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.

In addition, from RAN2#105, there is the following agreement that states the UE reports just one quality metric.

RAN2#105 agreements:
· UE reports at most one DL quality measurement in Msg3 transmission. This is pending RAN1 agreement.

We believe that the RAN2#105 agreement above effectively rules out Alternative 2 in the RAN1#97 agreement and means that only the wideband DL quality is to be reported when frequency hopping for MPDCCH is enabled.
Observation 1:
The RAN2#105 agreement to support at most one measurement means that only the wideband DL quality (Alternative 1) can be reported when frequency hopping for MPDCCH is enabled.
Proposal 1:   
For IDLE mode DL quality Msg3 reporting in CE mode A (PRACH CE level 0, 1) with up to 8 bits, when frequency hopping for MPDCCH is enabled, the UE reports back only the Wideband DL quality.

· This Alternative 1 of the RAN1#97 agreement.
From the RAN1#97 agreement below, it is still undecided what to report when the UE determines that a repetition level of 1 is possible.

Agreement

For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:

· Alternative 1: Repetition number =1 is reported with aggregation level 

· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24

Of the 2 alternatives above, we prefer alternative 1 because in good conditions, this could provide the network with a finer level of granularity compared to alternative 2.  Using this additional information could enable the network to better optimise subsequent downlink resources.   The only drawback we see, is how to signal this within the bits available, but this is discussed later in this document. 

Proposal 2:   
For IDLE mode DL quality Msg3 reporting CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, Repetition number =1 is reported with aggregation level.

· This Alternative 1 of the RAN1#97 agreement.

Per RAN1#97 there will be scenarios where 8 bits are available to signal the DL quality report.  However, the exact details of how these 8 bits has yet to be decided.
Agreement

· Specify DL quality information with up to 8 bits for DL quality report in at least

· Msg3 report for EDT case

· Msg3 report for connected mode

· Fixed range of DL quality information is defined for DL quality report with up to 8 bits

Per previous agreements, the DL quality metric has been agreed to reflect the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%.  There are the 9 values of repetitions {1, 2, 4, 8, 16, 32, 64, 128, 256} and 7 options for the aggregation level {1, 2, 4, 8, 16, 12, 24}.  Note that beyond repetition level 1, we consider that the aggregation level used for reporting be fixed to 24 to:

· Avoid different combinations of repetition and aggregation levels that effectively give same/overlapping values.
· Reflect the limited ability of the UE to make accurate measurements at lower SNRs (higher repetition levels)
Proposal 3:   
For DL quality reports where the repetition level is higher than 1, the aggregation level is fixed to 24.
Then moving forward with the assumption that beyond repetition level 1, the aggregation level is fixed to 24, 4 bits will be enough for the UE to provide a quality metric covering all possible repetition and aggregation level combinations, as illustrated by the table below.  This table is based on Table 9.1.22.15 in 36.133 V15.7.0 created for the original NB-IoT DL Channel Quality Metric.
	Reported level
	Reported Vaule
	Repetition Level
	Aggregation Level

	0
	noMeasurement
	na
	na

	1
	candidateRep-A
	1
	1

	2
	candidateRep-B
	1
	2

	3
	candidateRep-C
	1
	4

	4
	candidateRep-D
	1
	8

	5
	candidateRep-E
	1
	16

	6
	candidateRep-F
	1
	12

	7
	candidateRep-G
	1
	24

	8
	candidateRep-H
	2
	24

	9
	candidateRep-I
	4
	24

	10
	candidateRep-J
	8
	24

	11
	candidateRep-K
	16
	24

	12
	candidateRep-L
	32
	24

	13
	candidateRep-M
	64
	24

	14
	candidateRep-N
	128
	24

	15
	candidateRep-0
	256
	24


Table 1:  DL Channel Quality measurement reporting with 4 bits
Note that if all the 7 aggregation levels for repetition level 1 are to be supported, then trying to reduce the number of bits for the quality metric by joint decoding with the say the CE Mode (PRACH CE level) is unlikely to yield any bit savings, given the need for some overlap between the Mode A and Mode B ranges.

Proposal 4:   
When 4 bits are used to support the DL Channel Quality Metric then the values in table 1 are used.
For the scenarios where only 2 bits are available for this DL Channel Quality metric, an adaptive measure based on Rmax, like that already developed for NB-IoT (Table 9.1.22.15-2, TS36.133, V15.7.0) is recommended. 

	Reported Vaule
	Repetition Level

	noMeasurement
	na

	candidateRep-1
	Rmax/8

	candidateRep-2
	Rmax

	candidateRep-3
	4xRmax


Table 2:  DL Channel Quality measurement reporting with 2 bits
Proposal 5:   
When 2 bits are used to support the DL Channel Quality Metric, then an adaptive metric is reported back based on Rmax, as indicated in Table 2.
3. Conclusion

In this contribution we discuss further aspects of the DL quality report in MSG3, and have made the following observation and proposals:
Observation 1:
The RAN2#105 agreement to support at most one measurement means that only the wideband DL quality (Alternative 1) can be reported when frequency hopping for MPDCCH is enabled.

Proposal 1:   
For IDLE mode DL quality Msg3 reporting in CE mode A (PRACH CE level 0, 1) with up to 8 bits, when frequency hopping for MPDCCH is enabled, the UE reports back only the Wideband DL quality.

· This Alternative 1 of the RAN1#97 agreement.

Proposal 2:   
For IDLE mode DL quality Msg3 reporting CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, Repetition number =1 is reported with aggregation level.

· This Alternative 1 of the RAN1#97 agreement.
Proposal 3:   
For DL quality reports where the repetition level is higher than 1, the aggregation level is fixed to 24.
Proposal 4:   
When 4 bits are used to support the DL Channel Quality Metric then the values in table 1 are used.
Proposal 5:   
When 2 bits are used to support the DL Channel Quality Metric, then an adaptive metric is reported back based on Rmax, as indicated in Table 2.
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RAN1#96bis:

	R1-1905581
Feature summary of DL quality report in MTC 
Samsung

R1-1905589
Remaining issues on DL quality report in MTC
Samsung

Agreement

· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.

· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.

· DL quality report in connected mode is configured by UE-specific RRC signaling.

Agreement

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

Working Assumption
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.

Agreement

For channel quality report in Msg3, RAN1 send LS to RAN2 requesting the following information: 

· Number(s) of available bits for the quality reporting in Msg3

· Whether the quality report in Msg3 is transmitted in RRC or MAC CE

Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases. Include as part of LS to be handled in the NB-IoT agenda item.

R1-1905592
[DRAFT] Draft LS on channel quality report in Msg3 for NB-IoT and LTE-M
Huawei, HiSilicon
The LS is endorsed in R1-1905593
Working Assumption

For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.


RAN1#97:

	R1-1905939
LS on quality report in Msg3 for LTE-M
RAN2, Ericsson

R1-1907610
Feature summary of DL quality report in MTC
Samsung

R1-1907631
Remaining issues on DL quality report in MTC
Samsung

Agreement

· Specify DL quality information with up to 8 bits for DL quality report in at least

· Msg3 report for EDT case
· Msg3 report for connected mode
· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
Agreement

For both DL quality report in Msg3 in IDLE mode and DL quality report in connected mode:
· Confirm the following working assumption:
· For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.
· For DL quality report in CE mode B (PRACH CE level 2, 3), the pre-defined maximum aggregation level is fixed to 24.
Agreement

Confirm the following working assumption:
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.
Agreement

For DL quality report in connected mode, the mechanism for triggering is based on one or more of the following:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE
For further discussion

· Specify DL quality information with the following size for DL quality report in Msg3 for non-EDT case
· Up to 8 bits if there is enough room in the scheduled TBS, otherwise 2 bits

· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
· Adaptive range of DL quality information is defined for DL quality report with up to 2 bits
· FFS details
Agreement

For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Repetition number =1 is reported with aggregation level 

· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24
Agreement
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Only wideband DL quality is reported.
· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
· The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.


RAN1#97:

	R1-1905939
LS on quality report in Msg3 for LTE-M
RAN2, Ericsson

R1-1907610
Feature summary of DL quality report in MTC
Samsung

R1-1907631
Remaining issues on DL quality report in MTC
Samsung

Agreement

· Specify DL quality information with up to 8 bits for DL quality report in at least

· Msg3 report for EDT case
· Msg3 report for connected mode
· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
How was the range/values decided before?  NB IPOT RAN4?

· Must search RAN4 creation of range – follow same method

· Some summary of how it was done for NB-IoT

Proposal 1:   RAN4 should decide the range/values.
Beyond EDT on connected mode – is there a useful scenario?

· Read previous Tdocs to get an idea why

Proposal 1:   No other useful scenario,where early quality report is needed?.
· Useful to specify NB

Proposal 1:   It would be useful to include NB
· Useful to include AL

Proposal 2:   It would be useful to include AL

· Useful to include joint decoding  -- based on CE mode A and CE mode B
Proposal 3:   A jpint decding scheme is recommended.
Need to cover the 2 bit case for <<< whatever scenario>>>>

Proposal 4:   The 2 bit case should follow NBIOT framewor
Agreement

For both DL quality report in Msg3 in IDLE mode and DL quality report in connected mode:
· Confirm the following working assumption:
· For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.
· For DL quality report in CE mode B (PRACH CE level 2, 3), the pre-defined maximum aggregation level is fixed to 24.
Agreement

Confirm the following working assumption:
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.
· Identify pros and cons of just measuring the NBs

Proposal 3:   if freq. hopping consider adding Narrowband
Agreement

For DL quality report in connected mode, the mechanism for triggering is based on one or more of the following:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE
For further discussion

· Specify DL quality information with the following size for DL quality report in Msg3 for non-EDT case
· Up to 8 bits if there is enough room in the scheduled TBS, otherwise 2 bits

· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
· Adaptive range of DL quality information is defined for DL quality report with up to 2 bits
· FFS details
· What is the DL quality --- what does it mean by specifU?  Why is non-edt case special?

· Range of 8 bits – discussed earlier  BUT how to use the 2bits?

Agreement

For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Repetition number =1 is reported with aggregation level 

· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24
· Pick an alternative and state why

Propsoal X:   We pick alternative X because …
Agreement
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Only wideband DL quality is reported.
· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
· The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.


Support of quality report in Msg3

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


RAN1#96bis:

	R1-1905581
Feature summary of DL quality report in MTC 
Samsung

R1-1905589
Remaining issues on DL quality report in MTC
Samsung

Agreement

· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.

· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.

· DL quality report in connected mode is configured by UE-specific RRC signaling.

Agreement

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

Working Assumption
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.

Agreement

For channel quality report in Msg3, RAN1 send LS to RAN2 requesting the following information: 

· Number(s) of available bits for the quality reporting in Msg3

· Whether the quality report in Msg3 is transmitted in RRC or MAC CE

Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases. Include as part of LS to be handled in the NB-IoT agenda item.

R1-1905592
[DRAFT] Draft LS on channel quality report in Msg3 for NB-IoT and LTE-M
Huawei, HiSilicon
The LS is endorsed in R1-1905593
Working Assumption

For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.


RAN1#97:

	R1-1905939
LS on quality report in Msg3 for LTE-M
RAN2, Ericsson

R1-1907610
Feature summary of DL quality report in MTC
Samsung

R1-1907631
Remaining issues on DL quality report in MTC
Samsung

Agreement

· Specify DL quality information with up to 8 bits for DL quality report in at least

· Msg3 report for EDT case
· Msg3 report for connected mode
· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
Agreement

For both DL quality report in Msg3 in IDLE mode and DL quality report in connected mode:
· Confirm the following working assumption:
· For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.
· For DL quality report in CE mode B (PRACH CE level 2, 3), the pre-defined maximum aggregation level is fixed to 24.
Agreement

Confirm the following working assumption:
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.
Agreement

For DL quality report in connected mode, the mechanism for triggering is based on one or more of the following:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE
For further discussion

· Specify DL quality information with the following size for DL quality report in Msg3 for non-EDT case
· Up to 8 bits if there is enough room in the scheduled TBS, otherwise 2 bits

· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
· Adaptive range of DL quality information is defined for DL quality report with up to 2 bits
· FFS details
Agreement

For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Repetition number =1 is reported with aggregation level 

· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24
Agreement
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Only wideband DL quality is reported.
· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
· The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.


