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1. Introduction

In RAN4#92bis, the RRM requirements for DL quality reporting in Rel-16 eMTC were further discussed. The following agreements are captured in the WF [1].
	· Measurement period for DL quality reporting in idle mode is T2
· RAN4 is to not discuss further on 8 bit table report mapping table.
· MSG3 quality reporting in eMTC should have at least the same accuracy requirements as in NB-IoT since the operating region is similar
· MPDCCH parameters for DL quality reporting is as follows:
Attribute

Normal coverage/CEModeA
Enhanced coverage/CEModeB
DCI format

6-1A

6-1B
Starting OFDM symbols

2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

MPDCCH repetition level Note1
1
n.a.
MPDCCH Aggregation level (ECCE) Note2
24
M-PDCCH Transmission type

Distributed

NOTE 1: Not applicable if repetition number in DL quality information is larger than 1.
NOTE 2: Not applicable if repetition number in DL quality information equals to 1.



In addition, the report mapping for DL quality reporting was discussed in RAN1#98bis, and conclusions were made for 8-bit reporting, while the mapping for 2-bit reporting was left for RAN4 to decide [2].

In this paper, based on agreements in RAN4#92bis and RAN1#98bis, we will provide our views on the remaining issues in RRM requirements for DL quality reporting in Rel-16 eMTC.
2. Discussion
2.1. Hypothetical MPDCCH parameters 

In RAN4#92bis, all companies had same understanding about the MPDCCH parameters for DL quality report in idle mode:

· MPDCCH parameters for RLM are re-used except the repetition level (RL) and aggregation level (AL)

· If RL is to be reported, AL is fixed as 24

· If AL is to be reported, RL is fixed as 1

This lead to the parameter table as listed in [1]. 
For DL quality reporting in connected mode, the MPDCCH parameters also need to be specified. One difference between idle and connected in the context of quality reporting is that UE monitors RAR CSS in idle mode but USS in connected mode, and maximal RL and AL can be different for CSS and USS. It is then a question whether to use maximal AL instead of 24 when RL is reported.
Although this is technically possible, it would be conflicting with RAN1 agreement that the same 8-bit report mapping applies for both idle and connected, where AL is fixed as 24 when RL is reported.

	Agreement:
DL quality information with up to 8 bits is defined as:

Reported level

MPDCCH repetition level

MPDCCH aggregation level

CE mode

0

No measurement reporting

No measurement reporting

A, B

1

1

1

A
2

1

2

A
3

1

4

A
4

1

8

A
5

1

12

A
6

1

16

A
7

1

24

A
8

2

24

A, B

9

4

24

A, B

10

8

24

A, B

11

16

24

A, B

12

32

24

A, B

13

64

24

A, B

14

128

24

A, B

15

256

24

A, B

Note: the definition of DL quality information with up to 8 bits is adopted to all scenarios e.g. IDLE mode and connected mode, CE mode A and mode B, DL quality in Msg3 and not in Msg3.


Therefore, the same MPDCCH parameters should be used for DL quality reporting in idle and connected mode.

Proposal 1: Same MPDCCH parameters are used for DL quality reporting in idle and connected mode.
2.2. Accuracy requirements
In RAN4#92bis it was agreed that MSG3 quality reporting in eMTC should have at least the same accuracy requirements as in NB-IoT since the operating region is similar. The requirements for NB-IoT are as below.

Table 9.1.22.16-1: Downlink channel quality reporting accuracy for UE Category NB1

	PDCCH Repetition


	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot
	Io NOTE 1 range

	
	
	
	E-UTRA operating band groups NOTE 2
	Minimum Io
	Maximum Io

	
	
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	R NOTE 1
	≤1
	( -6 dB
	NFDD_G
	-122.9
	N/A
	-70

	R/4 NOTE 1
	>1
	( -6 dB
	NFDD_G
	-122.9
	N/A
	-70

	R NOTE 1
	≤1
	-15 ≤ Ês/Iot ≤ -6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	R/8 NOTE 1
	>1
	-15 ≤ Ês/Iot ≤ -6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	NOTE 1:
R is the reported NPDCCH repetition level that UE has reported in CQI-NPDCCH-NB or CQI-NPDCCH-Short-NB. 

NOTE 2:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5. 


The requirements are defined in average probability of miss-detection of the downlink scheduling grant:
· When PDCCH is scheduled with the reported RL, the miss detection should be <=1% (UE cannot report a too low RL)
· When PDCCH is scheduled with a RL as one fourth of the reported RLM, the miss detection should be >1% (UE cannot report a too high RL)
In our view, the same requirement should apply also for eMTC. This is mainly because the granularity of the accuracy requirement is big, e.g. if we want to tighten the accuracy for CEModeA, we need to use R/2. Roughly it means UE has to estimate the baseband SINR with 3dB accuracy even without considering the quantification, which is quite challenging. In addition, we think the same accuracy requirements should also apply for DL quality reporting in connected mode.
The NB-IoT accuracy requirements are defined only for the case where RL is reported, but in eMTC there is another case where AL is reported. The accuracy requirements should be specified for this case as well. Following the same requirements from RL reported case, our proposal for the accuracy requirements for AL reported case is in Table 1.
Table 1: Downlink channel quality reporting accuracy for AL reported case
	NPDCCH Repetition


	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot
	Io NOTE 1 range

	
	
	
	E-UTRA operating band groups NOTE 2
	Minimum Io
	Maximum Io

	
	
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	AL NOTE 1
	≤1
	( -6 dB
	FDD-M1_A, TDD-M1_A
	-121
	N/A
	-70

	
	
	
	FDD-M1_B
	-120.5
	N/A
	-70

	
	
	
	FDD-M1_D
	-119.5
	N/A
	-70

	
	
	
	FDD-M1_E, TDD-M1_E
	-119
	N/A
	-70

	
	
	
	FDD-M1_F
	-118.5
	N/A
	-70

	
	
	
	FDD-M1_G
	-118
	N/A
	-70

	
	
	
	FDD-M1_N
	-114.5
	N/A
	-70

	AL/4 NOTE 1
	>1
	( -6 dB
	Note 4
	Note 4
	Note 4
	Note 4

	NOTE 1:
AL is the reported MPDCCH aggregation level that UE has reported. 

NOTE 2:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5. 
NOTE 4: 
The same bands and the same Io conditions for each band apply for this requirement.


Proposal 2: When RL is reported, the accuracy requirements of NB-IoT are re-used for eMTC DL quality reporting in both idle and connected modes.
Proposal 3: When AL is reported, the accuracy requirements for eMTC DL quality reporting in both idle and connected modes are given in Table 1.
2.3. Report mapping
In RAN1#98bis, it was agreed that
	Agreement
For DL quality information for 2 bits, it is up to RAN4 to design the relevant details with the following input from RAN1.
· 1 state indicates ‘no measurement’

· 3 states indicate 3 reported values as a function of Rmax of the RAR MPDCCH (i.e. Type2-CSS) configured for the PRACH CE level, where the function is up to RAN4.

· It is up to RAN4 whether the assumed MPDCCH aggregation level is less than 24 if Rmax is 1.


In addition, in RAN2#107bis, it was agreed that
	- For non-EDT, R+F2+E MAC subheader is used for 2-bit DL quality report.


Based on our understanding, in RAN2 design, the R bit will be used to indicate whether F2 and E bits are used for DL quality reporting or not, i.e. the ‘no measurement’ state is indicated by the R bit. Therefore, four state from the two bits of F2 and E can be fully used to indicate the reported RL.

In Rel-14 NB-IoT, the report mapping for 2-bit report is defined as below, where 3 states indicate 3 reported values as a function of Rmax, i.e. Rmax/8, Rmax itself and Rmax*4.

Table 9.1.22.15-2: Downlink channel quality measurement report mapping of CQI-NPDCCH-Short-NB when the DL channel quality reporting is supported [7]

	Reported value
	NPDCCH repetition level

	noMeasurements
	No measurement reporting

	candidateRep-1
	Rmax/8 (NOTE 1)

	candidateRep-2
	Rmax (NOTE 3)

	candidateRep-3
	4×Rmax (NOTE 2)

	NOTE 1:
When Rmax is less than 8, set candidateRep-1 to 1.

NOTE 2:
When Rmax is more than 512, set candidateRep-3 to 2048.

NOTE 3:
When Rmax is 1, set candidateRep-2 to 2.


The same principle should be re-used for eMTC as indicated by RAN1. Since we have an additional state based on RAN2 agreement, we propose to add Rmax/4 as a reporting value because of big gap between Rmax and Rmax/8 in current mapping. 

Another issue is whether to assume AL=24 if Rmax is 1. As the maximal AL is 24 for all PRACH CE levels, and there is no room to report a smaller AL even Rmax is 1, there seems to be no benefit to use a different assumption for AL, so we think the same assumption of AL 24 should be used for all cases. 
Above lead to the mapping table in Table 2.
Table 2: Report mapping for 2-bit DL quality reporting

	Reported value
	NPDCCH repetition level

	candidateRep-1
	Rmax/8 (NOTE 1)

	candidateRep-2
	Rmax/4 (NOTE 2)

	candidateRep-3
	Rmax (NOTE 3)

	candidateRep-4
	4×Rmax (NOTE 4)

	NOTE 1:
When Rmax is less than 8, set candidateRep-1 to 1.
NOTE 2:
When Rmax is less than 4, set candidateRep-2 to 1.

NOTE 3:
When Rmax is 1, set candidateRep-3 to 2.
NOTE 4:
When Rmax is more than 64, set candidateRep-4 to 256.

NOTE 5:
MPDCCH Aggregation level is assumed as 24.


Proposal 4: Define the 2-bit DL quality report mapping as Table 2.
3. Conclusions

In this paper we provided our views on the remaining issues in RRM requirements for DL quality reporting in Rel-16 eMTC.
Proposal 1: Same MPDCCH parameters are used for DL quality reporting in idle and connected mode.
Proposal 2: When RL is reported, the accuracy requirements of NB-IoT are re-used for eMTC DL quality reporting in both idle and connected modes.
Proposal 3: When AL is reported, the accuracy requirements for eMTC DL quality reporting in both idle and connected modes are given in Table 1.

Table 1: Downlink channel quality reporting accuracy for AL reported case
	PDCCH Repetition


	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot
	Io NOTE 1 range

	
	
	
	E-UTRA operating band groups NOTE 2
	Minimum Io
	Maximum Io

	
	
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	AL NOTE 1
	≤1
	( -6 dB
	FDD-M1_A, TDD-M1_A
	-121
	N/A
	-70

	
	
	
	FDD-M1_B
	-120.5
	N/A
	-70

	
	
	
	FDD-M1_D
	-119.5
	N/A
	-70

	
	
	
	FDD-M1_E, TDD-M1_E
	-119
	N/A
	-70

	
	
	
	FDD-M1_F
	-118.5
	N/A
	-70

	
	
	
	FDD-M1_G
	-118
	N/A
	-70

	
	
	
	FDD-M1_N
	-114.5
	N/A
	-70

	AL/4 NOTE 1
	>1
	( -6 dB
	Note 4
	Note 4
	Note 4
	Note 4

	NOTE 1:
AL is the reported MPDCCH aggregation level that UE has reported. 

NOTE 2:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5. 
NOTE 4: 
The same bands and the same Io conditions for each band apply for this requirement.


Proposal 4: Define the 2-bit DL quality report mapping as Table 2.
Table 2: Report mapping for 2-bit DL quality reporting

	Reported value
	NPDCCH repetition level

	candidateRep-1
	Rmax/8 (NOTE 1)

	candidateRep-2
	Rmax/4 (NOTE 2)

	candidateRep-3
	Rmax (NOTE 3)

	candidateRep-4
	4×Rmax (NOTE 4)

	NOTE 1:
When Rmax is less than 8, set candidateRep-1 to 1.
NOTE 2:
When Rmax is less than 4, set candidateRep-2 to 1.

NOTE 3:
When Rmax is 1, set candidateRep-3 to 2.
NOTE 4:
When Rmax is more than 64, set candidateRep-4 to 256.

NOTE 5:
MPDCCH Aggregation level is assumed as 24.
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