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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 up to and including RAN1#97, can be found in references [2] and [3].

From RAN1#98 we have the additional agreements:

Agreement

CQI report and DL quality report are separate features and it is up to eNB configuration/triggering (UE can be configured to report both CQI and DL quality)

Agreement
· Specify DL quality information with up to 8 bits for DL quality report in Msg3 report non-EDT case.
· In addition to the 8-bit DL quality report, DL quality report with 2 bits is supported for non-EDT case
· FFS: Details on the range of DL quality information for the 2-bit case

· If the quality reporting in Msg-3 is configured in SIB

· If the scheduled TBS is large enough for inclusion of the 8-bit DL quality report, the 8-bit DL quality report is used

· Otherwise, the 2-bit DL quality report is used.

Agreement

For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if the repetition number in DL quality information equals to 1
· Repetition number =1 is reported with aggregation level

· A common table is used for CE mode A and B 

Agreement
For DL quality report in Msg3 for IDLE mode UEs, downlink quality is measured on the narrowband(s) on which MPDCCH of RAR is monitored. No additional downlink quality measurement on other narrowband(s) is introduced.
Agreement

The draft LS is endorsed in R1-1909793.

Agreement
For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if frequency hopping for MPDCCH is enabled, 
· Only wideband DL quality is reported.
Agreement:
· For DL quality report not in Msg3 in connected mode, DL quality report is configured by UE-specific RRC signaling.
· For DL quality report in Msg3 in connected mode, the configuration of DL quality report is selected between in RAN1#98bis:
· SIB
· Reuse the configuration of DL quality report in Msg3 in IDLE mode
· UE-specific RRC signaling 
· Reuse the configuration of DL quality report not in Msg3 in connected mode
Working Assumption:
If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode
In this contribution we discuss specifically the details of the 8-bit DL quality report and some remaining aspects of the connected mode quality report.

2. Discussion
DL Quality Report Definition
The RAN1#98 agreement below, states there will be scenarios where 8 bits are available to signal the DL quality report.  However, the exact details of how these 8 bits are still to be specified.
Agreement
· Specify DL quality information with up to 8 bits for DL quality report in Msg3 report non-EDT case.
· In addition to the 8-bit DL quality report, DL quality report with 2 bits is supported for non-EDT case
· FFS: Details on the range of DL quality information for the 2-bit case

· If the quality reporting in Msg-3 is configured in SIB

· If the scheduled TBS is large enough for inclusion of the 8-bit DL quality report, the 8-bit DL quality report is used

· Otherwise, the 2-bit DL quality report is used.

Per previous agreements, the DL quality metric has been agreed to reflect the repetition number and for repetition level 1, the 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, should 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 1:   
For DL quality reports where the repetition level is higher than 1, the aggregation level is fixed to 24.

Assuming proposal 1 is accepted, then given the RAN1#98 agreement stating that “A common table is used for CE mode A and B”, the table below indicates that 4 bits will be enough for the UE to provide a quality metric covering all possible repetition and aggregation level combinations for both CE Mode A and B.  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.

Proposal 2:   
When 4 bits are used to support the DL Channel Quality Metric for both CE modes A and B, the table below details the reported values used:
	Reported level
	Reported Value
	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


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. 

Proposal 3:   
When 2 bits are used to support the DL Channel Quality Metric for both CE modes A and B, the table below details the reported values used:
	Reported Vaule
	Repetition Level

	noMeasurement
	na

	candidateRep-1
	Rmax/8

	candidateRep-2
	Rmax

	candidateRep-3
	4xRmax


Connected Mode DL Quality Reports
From RAN1#98 there are several issues relating to the connected mode support of quality reporting. One issue, is the configuration of the connected mode DL msg3 quality report, and whether this should be done via SIB or via UE-specific RRC signalling.  Our preference here, is that UE specific RRC signalling should be used, as we can envisage scenarios where:

· SIB based signalling may force UEs with stable channel conditions, to deliver unnecessary reports, adding load to both the network and the UE

Proposal 4:   
UE-Specific RRC signalling is used to configure the Msg3 DL quality report in connected mode.

Another issue, is what is reported in these connected mode reports (using or not using msg 3).   We support a unified measurement report across Idle and Connected modes, to reduce complexity.
Proposal 5:
Connected mode quality reports reuse the values defined for idle mode reports.

If configured by higher layers to send connected mode quality reports using msg3, we do not see a strong reason why the UE should not send these quality reports, hence we support the confirmation of the corresponding working assumption from RAN1#98.
Proposal 6:     
Confirm RAN1#98 working assumption regarding UE reporting of quality report in msg3 in connected mode.

3. Conclusion

In this contribution we have discussed the details of the 8-bit DL quality report and some remaining aspects of the connected mode quality report.  From those discussions we have the following proposals:
Proposal 1:   
For DL quality reports where the repetition level is higher than 1, the aggregation level is fixed to 24.

Proposal 2:   
When 4 bits are used to support the DL Channel Quality Metric for both CE modes A and B, the table below details the reported values used:

	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


Proposal 3:   
When 2 bits are used to support the DL Channel Quality Metric for both CE modes A and B, the table below details the reported values used:
	Reported Vaule
	Repetition Level

	noMeasurement
	na

	candidateRep-1
	Rmax/8

	candidateRep-2
	Rmax

	candidateRep-3
	4xRmax


Proposal 4:   
UE-Specific RRC signalling is used to configure the Msg3 DL quality report in connected mode.

Proposal 5:
Connected mode quality reports reuse the values defined for idle mode reports.

Proposal 6:     
Confirm RAN1#98 working assumption regarding UE reporting of quality report in msg3 in connected mode.
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