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1	Introduction
RAN4#92bis discussed the channel quality reporting in MSG3 but agreed to wait for RAN1/RAN2 progress [1]. We continue to discuss the channel quality reporting for eMTC for both in CONNECTED mode and in MSG3, based on the RAN1/RAN2 agreements listed in Appendix. 
2	Summary of channel quality report
RAN1/RAN2 has almost completed the design of DL channel quality reporting. According to RAN1 agreements, the DL channel quality defined as follows: 
· DL quality is defined as the repetition level and/or aggregation level of hypothetical MPDCCH BLER of 1%.
This definition is similar to the DL quality used for the DL quality reporting on anchor carriers introduced in Rel-14 NB-IoT. For the DL channel quality report for the BL/CE UEs, unlike NB-IoT DL channel quality report, it has been agreed to report more information such as preferred narrowband(s) and aggregation level in addition to the MPDCCH repetition level. On top of that RAN1 agreed to introduce the DL channel quality report in CONNECTED mode. According to RAN1/RAN2 decision, RAN4 RRM requirements should cover the following scenarios:
· Msg3 based DL channel quality report in IDLE
· MAC CE based DL channel quality report in CONNECTED
[bookmark: _GoBack]The reported values agreed in RAN1 are listed in Table 2 in the case of 8-bit reporting is configured according to [2]. In the case of 2-bit reporting, it is up to RAN4 which value is used [2]. Moreover UE needs to estimate the DL quality based on the all the configured narrowband(s), i.e., wideband, if the network enables the frequency hopping. On the other hand, if the network disables the frequency hopping, UE estimates the DL channel quality based only on the configured one narrowband. This is summarized in Table 3.
RAN1 also agreed with the measurement resources for DL channel quality estimation. As summarized in Table 4, measurement resources are narrowband(s) on which MPDCCH of RAR is monitored and narrowband(s) on which USS MPDCCH is monitored, respectively. The measurement period agreed by RAN4 is summarized in Table 5. 
Table 1	MPDCCH parameters for DL channel quality report.
	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.



[bookmark: _Ref22828254]Table 2	Reporting value (8-bit). 
	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



[bookmark: _Ref16155187]Table 3	Reported bandwidth for DL channel quality.
	UE state
	CE Mode 
	Frequency hopping
	Reported RBs

	IDLE/CONNECTED
	Mode A
	Enabled
	Wideband only

	
	
	Disabled
	One narrowband only

	
	Mode B
	Enabled
	Wideband only

	
	
	Disabled
	One narrowband only



[bookmark: _Ref16155230]Table 4	Measurement resources
	UE state
	Measurement resources

	IDLE
	Narrowband(s) on which MPDCCH of RAR is monitored.

	CONNECTED
	Narrowband(s) on which USS MPDCCH is monitored. 



[bookmark: _Ref22829503]Table 5	DL quality measurement period.
	UE state
	Procedure
	Measurement period

	IDLE
	Msg3-based 
	Beginning of the random access response to the beginning of PUSCH for DL channel quality reporting of the configured narrowband(s).

	CONNECTED
	MAC CE
	MPDCCH transmission period which carriers the UL grant of channel quality report for measurement of downlink channel quality of the configured narrowband(s).




3	Open issues
3.1	Accuracy requirements
One of the open issues is the accuracy requirement according the agreement in RAN4#92bis. 
	MSG3 quality reporting in eMTC should have at least the same accuracy requirements as in NB-IoT since the operating region is similar.



Unlike NB-IoT UE, which assumes to measure NRS symbols on 1PRB per subframe, LTE-MTC UE can measure CRS symbols on 6 RPBs per subframe. Because of more measurement samples, we expect the DL channel quality measurement accuracy should be better than NB-IoT. Moreover, as mentioned in WF, LTE-MTC operating region is divided into 4 regions according to RSRP measurement results (two for CE Mode A and two for CE Mode B), it is smaller than NB-IoT where the operating region is divided into three. We think the accuracy requirement of DL channel quality report for LTE-MTC could be tightened compared with NB-IoT. 
Proposal 1: RAN4 should set more accurate DL channel quality report requirements compared with Rel-14 NB-IoT DL channel quality accuracy requirements.
3.2	2-bit reporting value
Another issue is the DL channel quality report with 2-bit table. According to LS from RAN1 [2], it is up to RAN4 how to specify the table.  
	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 Rel-14 NB-IoT, RAN4 has also introduced 2-bit reporting mapping table with regard with NPDCCH Rmax. We propose to reuse the table with some modification considering LTE-MTC. Since 2-bit table gives only 3 candidate values with regards to the configured Rmax, MPDCCH aggregation level should be set to be fixed 24 even if Rmax=1 for simplicity. Regarding a function of Rmax, NB-IoT uses Rmax/8 and 4xRmax. For LTE-MTC, we expect SINR estimation is more accurate than NB-IoT because of the CRS measurements of 6 PRBs, we propose the function is give as Rmax/4 for smaller value and 2xRmax for larger value, and this is aligned with our proposal 1. Table 6 summarizes our proposal for 2-bit reporting mapping table. 
Proposal 2: Adopt Table 6 for the 2-bit reporting mapping table. 
[bookmark: _Ref22831328]Table 6	Proposed 2-bits reporting mapping table. 
	Reported level
	Reported value
	MPDCCH repetition level
	MPDCCH aggregation level

	0
	noMeasurement
	No measurement reporting
	No measurement reporting

	1
	candidateRep-1
	max(1, Rmax/4)
	24

	2
	candidateRep-2
	Rmax
	24

	3
	candidateRep-3
	min(2×Rmax, 256)
	24




4	Summary
Proposal 1: RAN4 should set more accurate DL channel quality report requirements compared with Rel-14 NB-IoT DL channel quality accuracy requirements.
Proposal 2: Adopt Table 6 for the 2-bit reporting mapping table. 
Table 7	Proposed 2-bits reporting mapping table. 
	Reported level
	Reported value
	MPDCCH repetition level
	MPDCCH aggregation level

	0
	noMeasurement
	No measurement reporting
	No measurement reporting

	1
	candidateRep-1
	max(1, Rmax/4)
	24

	2
	candidateRep-2
	Rmax
	24

	3
	candidateRep-3
	min(2×Rmax, 256)
	24
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Appendix
RAN1 agreements
	RAN1#94
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
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
Agreement
[bookmark: _Hlk529949203]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
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
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.

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
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
· [bookmark: _Hlk15050589]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

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#98
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

RAN1#98bis
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:
DL quality information with up to 8 bits is defined as:
	[bookmark: _Hlk22820871]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.

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.
Send an LS to RAN4 and RAN2. Also include in the LS, all relevant agreements including DL quality information for 8 bits. Miao (Samsung) to draft LS.

R1-1911385
Agreed in R1-1911386

Agreement
· For DL quality report in connected mode and not in Msg3, the triggering signal is MAC CE

Agreement
For DL quality report in Msg3 in connected mode, whether to support and if supported, the details on configuration and triggering of DL quality report is up to RAN2
· Include as part of LS to RAN2 and RAN4 to be drafted by Miao (Samsung)




RAN2 agreements
	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.

RAN2#105bis agreements:
eLCID based solution is not supported.
A new LCID is used for eMTC pending approval in the main room.
IoT informs the main room regarding the pending agreement above and the alternatives, e.g. to use one of LCID values reserved for NB-IoT or sidelink.

RAN2#106 agreements:
None

RAN2#107 agreements:
Agreements
- Explicit signaling is introduced to trigger the aperiodic DL quality report in connected mode. FFS whether DCI or MAC CE.
- MAC CE is used to provide the aperiodic DL quality report in connected mode.
- DL quality report in Msg3 in idle mode is enabled via system information broadcast.
- UE capability reporting is not needed for the DL quality report in Msg3 in idle mode.
- UE capability reporting is introduced for the aperiodic DL quality report in connected mode.

RAN2#107bis agreements:
Agreements
- For 8-bit DL quality report, same MAC CE is used for reporting in Msg3 and connected mode.
- For 8-bit DL quality report; LCID value for the quality report is transmitted in addition to the LCID value for UL-CCCH.
- Codepoint/index of “10001” is used for 8-bit DL quality report for eMTC.
- For EDT, 8-bit DL quality report has lower priority than MO data from UL-CCCH.
- For non-EDT, 8-bit DL quality report has higher priority than MO data not from UL-CCCH, i.e., one level above “data from any Logical Channel, except data from UL-CCCH”
- For non-EDT, R+F2+E MAC subheader is used for 2-bit DL quality report.
- 2 separate indicators are introduced in SIB to enable 8-bit and 2-bit DL quality report, i.e., FFS if it is possible to indicate 2-bit only.
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