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Introduction
In the RAN4#92-Bis meeting, the following agreements were reached on MTC channel quality reporting [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.


Additionally, RAN1 also reached the following agreements [2]: 
Agreement
For both IDLE mode and connected mode, CE mode A and mode B, DL quality report with up to 8 bits and 2 bits, DL quality in Msg3 and not in Msg3:
· If frequency hopping for MPDCCH used for DL quality measurement is enabled, only wideband DL quality is reported.
Agreement
For DL quality report in connected mode, no additional narrowband(s) other than USS MPDCCH narrowband(s) is used for DL quality measurement.
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.
Agreement
· For DL quality report in connected mode and not in Msg3, the triggering signal is MAC CE

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.

In this paper, we discuss some of the remaining issues such as 2-bit report mapping table and accuracy requirements.
Discussion
 Report mapping
We discuss the 2-bit report mapping. Given that one of the states in the report mapping table should indicate “no measurement” per RAN1 guideline, there are only 3 states available to signal. In our view, the report mapping table should follow a similar approach as in NB-IoT short (2-bit) mapping table in Table 9.1.22.15-2 in TS 36.133 which is reproduced below:
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.



Through this table, UE signals three levels (Up, Down, Same) in Rmax to eNB. In MTC, however, the aggregation level (AL) is fixed to 24 for Rmax >1 but it will be a signalled value when Rmax = 1. Given the limited states in 2-bit table, it is not practical to have AL as a signalled parameter. One can conceive of two 2-bit tables for Rmax = 1 and Rmax >1 where UE signals AL based on one table and Rmax based on the other. However, when UE operates in a border region Rmax is close to 1, it is not possible to signal to eNB the AL and Rmax. For instance, UE may be with Rmax = 1 but will need a higher Rmax and a different AL. As such, we propose to take a simpler approach and assume AL is fixed to 24 in the 2-bit version of quality reporting. Taking a similar approach as in NB-IoT, the table below is proposed for 2-bit quality reporting:
Table 1: Downlink channel quality measurement report mapping (2-bit version)
	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 4, set candidateRep-1 to 1.
NOTE 2:	When Rmax is more than 64, set candidateRep-3 to 512.
NOTE 3:	When Rmax is 1, set candidateRep-2 to 2.
NOTE 4:   Aggregation level (ECCE) is assumed to be L’max = 24.



Proposal 1. RAN4 to adopt Table 1 above for 2-bit report mapping of channel quality.
 Measurement accuracy requirements
In RAN4#92-Bis, it was agreed that eMTC should have at least the same requirement of quality reporting as NB-IoT. For reference, the accuracy requirement table for NB-IoT is reproduced here from TS 36.133. In enhanced coverage mode (-15 ≤ Ês/Iot ≤ -6 dB), the accuracy requirement for Pm-Dsg of ≤ 1% and > 1% is 3 repetition levels apart (R vs. R/8). For normal coverage (Ês/Iot > -6 dB), this is 2 repetition level apart (R vs. R/4) since channel estimation quality is deemed to be more accurate in normal coverage.

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

	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. 



For eMTC, as discussed in the previous section, we propose the same separation level (R vs. R/8) as in NB-IoT for lower SNR and (R vs R/4) at normal coverage SNR. However, in our view, it is also necessary to add accuracy requirements for scenarios when Rmax = 1 and UE is reporting AL which can be smaller than 24. To conclude on what the SNR threshold should be for reporting AL instead of Rmax , companies should compare their simulation results. We present a preliminary set of results in Figure 1. The 1% BLER in green and red curve point to an SNR of about 3 dB wherein the new operating region (Rmax = 1 and AL < 24) starts. 

[image: ]
Figure 1 Preliminary simulation results where UE switches from Rmax >1 with AL = 24 to Rmax =1 and AL <24
Additionally, RAN4 should discuss the separation level in AL in the new SNR region for accuracy requirements. If UE’s reported AL is  where is the index to the AL set , UE’s accuracy requirement can be based on <1% BLER for and >1% BLER for  which is based on [2] levels of AL separation. The accuracy requirement can be as in the Table 2 below:
Table 2: Downlink channel quality reporting accuracy for MTC
	NPDCCH Repetition

	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot

	
	
	

	
	
	dB

	Lk  NOTE 1
	≤1
	 [3] dB

	 Lk-[2]
	>1
	 [3] dB

	R NOTE 2
	≤1
	-6 ≤ Ês/Iot ≤ [3] dB

	R/4 
	>1
	-6 ≤ Ês/Iot ≤ [3] dB

	R NOTE 2
	≤1
	-15 ≤ Ês/Iot ≤ -6 dB

	R/8 
	>1
	-15 ≤ Ês/Iot ≤ -6 dB

	NOTE 1:    is the reported AL level by UE when Rmax = 1 where is the index to the AL set 
NOTE 2:	R is the reported MPDCCH repetition level that UE has reported. 
 



Proposal 2. RAN4 to adopt the above table for DL channel quality reporting of MTC. RAN4 to discuss the separation of AL in accuracy table and the SNR region where accuracy requirements for (Rmax = 1 and AL < 24) applies.
Conclusions
Table 1: Downlink channel quality measurement report mapping (2-bit version)
	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 4, set candidateRep-1 to 1.
NOTE 2:	When Rmax is more than 64, set candidateRep-3 to 512.
NOTE 3:	When Rmax is 1, set candidateRep-2 to 2.
NOTE 4:   Aggregation level (ECCE) is assumed to be L’max = 24.



Proposal 1. RAN4 to adopt Table 1 above for 2-bit report mapping of channel quality.

Table 2: Downlink channel quality reporting accuracy for MTC
	NPDCCH Repetition

	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot

	
	
	

	
	
	dB

	Lk  NOTE 1
	≤1
	 [3] dB

	 Lk-[2]
	>1
	 [3] dB

	R NOTE 2
	≤1
	-6 ≤ Ês/Iot ≤ [3] dB

	R/4 
	>1
	-6 ≤ Ês/Iot ≤ [3] dB

	R NOTE 2
	≤1
	-15 ≤ Ês/Iot ≤ -6 dB

	R/8 
	>1
	-15 ≤ Ês/Iot ≤ -6 dB

	NOTE 1:    is the reported AL level by UE when Rmax = 1 where is the index to the AL set 
NOTE 2:	R is the reported MPDCCH repetition level that UE has reported. 
 



Proposal 2. RAN4 to adopt the above table for DL channel quality reporting of MTC. RAN4 to discuss the separation of AL in accuracy table and the SNR region where accuracy requirements for (Rmax = 1 and AL < 24) applies.
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