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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]DL channel quality report in Msg3 was discussed for Rel-14 NB-IoT to reflect the misalignment of DL/UL channel quality due to interference. In legacy MTC system, there was no DL channel quality reporting mechanism for IDLE UE. Therefore, further enhancement on Msg3 reporting was introduced in Rel-16 MTC:
· Specify quality report in MSG3 at least for EDT [RAN1, RAN2, RAN4]
In addition, aperiodic quality report in connected mode was additionally introduced in RAN#82 meeting as shown in [1]:
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]

IDLE/connected mode DL quality report was discussed in RAN1#94~#97 meeting with the following agreements:
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
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.
R1-1903517	Remaining issues on MTC DL quality report	Samsung
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
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.
R1-1905589	Remaining issues on DL quality report in MTC	Samsung
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:
	R1-1907610	Feature summary of 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
R1-1907631	Remaining issues on DL quality report in MTC	Samsung
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.



The following RAN2 agreements for quality report in Msg3 were made in RAN2#103bis~#105bis:
	RAN2#103bis agreement
· Quality report in Msg3 is introduced for EDT. FFS for non-EDT.

RAN2#104 agreement
· 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 agreement
· 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 agreement
· 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.



An email discussion at RAN2 was triggered in RAN2#106 as follows:
	[106#xx][R16 eMTC] Quality report in Msg3 (Huawei)
Discussion on:
- how to enable the feature for quality report in idle and connected mode
- how to trigger signalling to provide the quality report in connected mode
- which signalling is used to provide the quality report in connected mode
- if capability is needed for idle and connected mode.
	Intended outcome: Report to the next meeting
	Deadline:  Next meeting



In addition, the following is provided in RAN2 LS R2-1905277 [2]:
	1. Overall Description:
For EDT, RAN2 has agreed that a new MAC CE will be defined to carry the Quality Report.

Non-EDT
For the non-EDT case, when eNB provides minimum TBS size of 56 bits in the random access response, RAN2 confirms that two unused bits in MAC subheader can be used to send the Msg3 quality report.
However, if eNB provides the TBS size that is prolonged to the next available TBS size as shown below in Table 1 in the random access response, there is a maximum of 8 bits available for the Msg3 quality report. 
[bookmark: _Ref3559999]Table 1: Possible TBS Sizes for Msg3
	
	Minimum Msg3 TBS 
[bit]
	prolonged Msg3 TBS
[bit]

	RRCConnectionRequest
	56
	72

	RRCConnectionResumeRequest
(with fullResumeID)
	72
	88

	RRCConnectionResumeRequest 
(with truncatedResumeID)
	56
	72

	RRCConnectionReestablishmentRequest
	56
	72



EDT
For EDT case, a MAC CE is used and a maximum of 8 bits are available for Mgs3 quality report. 
For Msg3 quality report in CONNECTED state, it is possible to use same MAC CE based solution with a maximum of 8 bits available for Msg3 quality report.

2. Actions:
To RAN1, RAN4
ACTION: 	RAN2 respectfully ask RAN1 and RAN4 to consider the above in the discussion on the definition of the Quality Report content and provide feedback on applicability of 2 bits and/or 8 bits for the non-EDT case.
3. Date of Next TSG-RAN WG2 Meetings:
TSG-RAN WG2 Meeting #106	13 - 17 May 2019    	           Reno, USA
TSG-RAN WG2 Meeting #107	26 - 30 August 2019   	           Prague, CZ



During the ongoing RAN2#107 meeting in Prague, DL quality report in MTC was discussed with the following progress:
	R2-1910059	Report of email discussion [106#66][R16 eMTC] Quality report in Msg3	Huawei, HiSilicon	discussion	Rel-16	LTE_eMTC5-Core
Proposal 1:RAN2 decides whether there is an explicit signalling to trigger the aperiodic DL quality report in connected mode.
Proposal 2: If explicit trigger signalling is agreed, RAN2 down selects the DCI or MAC CE option after more RAN1/4 progress.
· QC thinks that it is not clear if the UE is required to do the measurements regardless of reporting is triggerred.
Proposal 3: MAC CE is used to provide the aperiodic DL quality report in connected mode.
Proposal 4: RAN2 decides whether to enable aperiodic DL quality report in connected mode by dedicated RRC signaling, or no enable singling is need.
· Intel thinks the UE would need to know in case the report is triggerred by DCI due to time constraints. It is not clear to Intel whether an existing DCI format is used.
Needs to be discussed depending on whether the report is triggered by DCI or MAC CE.

Proposal 5: DL quality report in Msg3 in idle mode is enabled by the SI.
Proposal 6: UE capability reporting is NOT needed for the DL quality report in Msg3 in idle mode.
Proposal 7: UE capability reporting is introduced for the aperiodic DL quality report in connected mode.
Explicit signalling 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.



In RAN1#98 meeting, in total 9 contributions are submitted. This document summarizes the views from different sourcing companies and their proposals regarding DL quality reporting in IDLE mode and connected mode for Rel-16 eMTC.
2. Key issues on design of DL quality report in IDLE mode
2.1 DL quality information for different size
As shown in RAN2 reply LS R2-1905277 [2], DL quality report in Msg3 in both IDLE mode and connected mode is carried via MAC signaling. There are two potential cases for Msg3 report size:
· For EDT case, non-EDT case with prolonged TBS and Msg3 report in connected mode, there is a maximum of 8 bits available for Msg3 quality report. 
· Otherwise if eNB provides minimum TBS size of 56 bits, 2 unused bits in MAC subheader can be used for Msg3 quality report.
It was agreed in RAN1#97 meeting that DL quality information with up to 8 bits will be specified for DL quality report in at least Msg3 report for EDT/connected mode. However, the reported DL quality information is still FFS for the non-EDT case, since if the minimum size of 56 bits is scheduled for Msg3, the size of DL quality report is restricted to 2 bits, and in other cases the up to 8 bits DL quality information can be carried in Msg3. Therefore, whether to support 8 bits and/or 2 bits DL quality information for non-EDT case needs to be further discussed. For this topic, the following is proposed:
· For non-EDT case, support DL quality report using 8 available bits: 
· Supported by: Ericsson, ZTE, Sony, Qualcomm (only if there is extra space)
· Rationale: 
· A unified solution for all PRACH levels, and for EDT/non-EDT cases: Ericsson
· For many important configurations of the maximum PUSCH repetition factor in CE modes A and B, the smallest available number of PUSCH repetitions for Msg3 is so high that Msg3 should not become a coverage bottleneck: Ericsson
· 2-bit information in MAC subheader requires substantial change in how the MAC subheader is interpreted/built which brings unnecessary complexity: Ericsson
· For non-EDT case, support DL quality report using 2 available bits:
· Supported by: Huawei, Sony, Qualcomm (by default)
· Rationale:
· 2-bits DL quality report was already adopted in NB-IoT and the benefit for scheduling was shown: Huawei
· DL quality report in Msg3 can be 8 bits or 2 bits depending on the scheduled TBS. eNB is not aware whether UE supports Quality Report on Msg3 or not after receiving the PRACH: Sony
· Increasing the msg3 TBS increases the power consumption of all UEs accessing the eNB – regardless of release, or whether they support CQI reporting. The loss in SNR is between 1 and 1.5dB, depending on the case: Qualcomm
· Not supported by: Ericsson, ZTE
· Rationale: 
· Not support DL quality information in Msg3 when Msg3 TBS is too small to carry the 8-bit DL quality report: Ericsson
· Performance loss due to larger quantization error: ZTE
Based on the views provided by sourcing companies, the following is proposed:
Proposal #1: 
Possible agreement:
· Specify DL quality information with 8 bits for DL quality report in Msg3 report non-EDT case.
· FFS additional support of DL quality report with 2 available bits for non-EDT case
· If support, adaptive range of DL quality information is defined for DL quality report with 2 bits. FFS details.

In addition, it was agreed that when DL quality report is defined with up to 8 bits, DL quality information uses fixed range. Otherwise if DL quality report is defined with 2 bits, it is straightforward to define the DL quality information with dynamic range. Details of the 8-bit DL quality information are proposed as follows:
· Ericsson: 
· When DL quality is reported with up to 8 bits, DL quality reporting range in Msg3 is the same (1, 2, 4, 8, 16, 32, 64, 128, 256) for all PRACH CE levels as well as for the EDT and non-EDT cases.
· Including aggregation level in DL quality information is acceptable, but some of the reported levels should correspond to same repetition numbers in CE mode A and B, and the remaining reported levels for one of the CE modes. The DL quality information above is only for interpreting the levels corresponding to same repetition numbers in both CE modes.
· Nokia:
· When 4 bits are used to support the DL Channel Quality Metric then the values in table 1 are 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


Table 1:  DL Channel Quality measurement reporting with 4 bits
· 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: 
	Reported Value
	Repetition Level

	noMeasurement
	na

	candidateRep-1
	Rmax/8

	candidateRep-2
	Rmax

	candidateRep-3
	4xRmax


Table 2:  DL Channel Quality measurement reporting with 2 bits
· Intel:
· Apply joint encoding of the repetition number and aggregation level for IDLE Mode DL quality report in Msg3 in CE mode A (see Table 1 for details)
[bookmark: _Ref16781827]Table 1. Reported number of MPDCCH repetitions and aggregation level for providing DL quality information in Msg3.
	#
	Repetition Number
	Aggregation Level
	CE mode

	0
	2
	24
	A, B

	1
	4
	24
	A, B

	2
	8
	24
	A, B

	3
	16
	24
	A, B

	4
	32
	24
	A, B

	5
	64
	24
	A, B

	6
	128
	24
	A, B

	7
	256
	24
	A, B

	8
	1
	24
	A

	9
	1
	1
	A

	10
	1
	2
	A

	11
	1
	4
	A

	12
	1
	8
	A

	13
	1
	16
	A

	14
	1
	12
	A

	15
	reserved


· Sony:
· For the idle mode non-EDT case where 2 bits are used for the DL quality report, the repetition value is jointly coded with the RACH CE level such that each state in the 2 bits report indicates a different MPDCCH repetition value depending upon the RACH CE level.
[bookmark: _Ref7454350]Table 1: 2 bit DL quality report jointly coded with RACH CE level
	Quality Report
(2 bits)
	Hypothetical MPDCCH Repetition

	
	CE Level 0
	CE Level 1
	CE Level 2
	CE Level 3

	00
	1
	4
	16
	32

	01
	2
	8
	32
	64

	10
	4
	16
	64
	128

	11
	8
	32
	128
	256



· Qualcomm:
· For msg3 reporting with 2 bits, the set of 3 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.
The feature lead considers the fixed range has the advantage of simplicity and commonality, whereas the adaptive range can reflect more accurate DL quality information when number of bits is restricted. However, detailed design should be determined after other issues e.g. whether to report aggregation level and whether DL quality report with 2 bits is supported. Therefore, the following is proposed:
Proposal #2: 
For further study:
· Details on fixed range of DL quality information with up to 8 bits
· Details on adaptive range of DL quality information with 2 bits


2.2 Aggregation level in DL quality information
The DL quality was agreed as the repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH with BLER of 1% for CE mode A, and the repetition number that UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1% for CE mode B. 
In RAN1#97 meeting, it was agreed that for 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, the reported information will be down-selected between Alt.1 repetition number = 1 assuming aggregation level of 24, and  Alt.2 actual aggregation level. The following are proposed in contributions:
· [bookmark: _Toc4770695]Support Alternative 1that repetition number = 1 is reported with aggregation level: Nokia, Samsung, Intel
· Rationale:
· UE reports finer granularity thus network could better optimize DL resources: Nokia, Samsung
· Same overhead between Alt.1 and Alt.2 if joint coding is used: Intel
· Support Alternative 2 that repetition number = 1 is reported assuming aggregation level of 24: Ericsson, Huawei, Qualcomm (at least for the case of 2-bit report and mpdcch-NumRepetitions-RA2)
· Rationale: 
· Unified solution for CE mode A and CE mode B: Ericsson
· Limited gain for eNB determination of Msg4 configuration parameters: Ericsson, Huawei
· [bookmark: _Toc16872479]Msg3 reporting of aggregation level will not provide any significant additional advantage over existing Rel-13 CSI reporting when eNB performs link adaptation for PDSCH: Ericsson
· Up to RAN2/RAN4 decision: Qualcomm (for 8-bit report or mpdcch-NumRepetitions-RA1)
It seems no clear majority view can be concluded. The feature lead considers this issue needs to be further discussed online. Since the proponents of Alt.1 are slightly stronger than Alt.2, the following is proposed as a starting point of online discussion:
Proposal #3:
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
· If no additional overhead will be introduced, support Alternative 1: Repetition number =1 is reported with aggregation level 
· Otherwise support Alternative 2: Repetition number =1 is reported assuming aggregation level of 24

2.3 Wideband/narrowband DL quality
In legacy CQI reporting mechanism for MTC connected mode, the CQI feedback are defined with different types, including wideband CQI, UE selected subband CQI and higher layer configured subband CQI. Similarly, one open issue for DL quality report is that whether wideband and/or narrowband DL quality should be reported.
When frequency hopping is enabled, report of wideband DL quality was already agreed in RAN1#96. Whether or not to additionally report DL quality of a preferred narrowband and position of the narrowband still needs to be further discussed. The following are proposed in contributions:
· Support Alternative 1 that only wideband DL quality is reported: Ericsson, Huawei, ZTE, Nokia, Sony, Qualcomm
· Rationale:
· The usefulness of Msg3 reporting of frequency domain information is very limited: Ericsson, Qualcomm
· UE reports at most one DL quality measurement: Huawei, Nokia
· Accuracy of measurement on narrowband: ZTE, Qualcomm
· Support Alternative 2 that DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality: Samsung, LGE, Intel
· Rationale:
· Reuse design of CSI report mode 2-0 (UE-selected subband feedback): Samsung, LGE
· Narrowband DL quality and wideband DL quality are acquired by same DL quality measurement: Samsung
· Provide more precise DL quality information with utilization of the remaining bits in 8 available bits: Samsung, LGE, Intel
It seems no clear majority view can be concluded. The feature lead considers this issue needs to be further discussed online. Since the number of proponents of Alt.1 is larger than Alt.2, the following is proposed as a starting point of online discussion:
Proposal #4:
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 frequency hopping for MPDCCH is enabled, 
· For the case that CQI is not replaced by DL quality report in connected mode, support Alternative 1: Only wideband DL quality is reported.
· FFS what if CQI is replaced by DL quality report in connected mode

2.4 Triggering mechanism of Msg3 report
UE with capability on IDLE mode DL quality report needs to decide if DL quality is actually reported in Msg3 or not. If DL quality report is enabled in SIB, UE may always report DL quality report in every Msg3, or may dynamically decide the inclusion of DL quality in Msg3 based on a triggering signal. 
For the triggering mechanism of DL quality report in IDLE mode, the following are proposed:
· Triggered by RAR/UL grant of RAR: Huawei (for CE mode A), Samsung, LGE
· Not supported by Intel, Sony
· Rationale: Potentially introduces backward compatibility issue for CE mode B, since two formats for UE with and without capability of DL quality report respectively
· Triggered by SIB, i.e. always reported in Msg3 if the feature is enabled: Ericsson (DL quality is triggered when TBS is large enough),Intel, Sony, Qualcomm
· Intel: Consider support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report.
There shows slight majority to support always-on transmission of DL quality report in Msg3. Based on the views provided by sourcing companies, the following is proposed:
Proposal #5:
Possible agreement:
For DL quality report in Msg3 in IDLE mode, if DL quality report in enabled by SIB, UE always expect to report DL quality in Msg3.

3. Key issues on DL quality measurement in IDLE mode
3.1 Narrowband used for DL quality measurement
Different with Rel-14 NB-IoT in which DL quality is only measured on anchor carrier, MTC DL transmissions in both EDT and non-EDT cases might occur on different narrowbands, therefore on which narrowband(s) DL quality is measured needs to be studied. 
It was agreed in RAN1#97 meeting that the narrowband(s) used for DL quality measurement includes at least RAR MPDCCH narrowband(s). Therefore, whether or not to perform DL quality measurement on narrowbands other than RAR narrowband, and potential candidate narrowbands needs to be further determined. The following are proposed in contributions:
· No additional measurement on narrowband(s) other than narrowband of MPDCCH for RAR: Ericsson, Samsung, Intel, Sony
· Rationale: 
· Additional cost on time/energy: Ericsson, Samsung, Intel, Sony
· Cat-M1 UE cannot measure multiple narrowbands simultaneously: Ericsson
· No significant gain is provided by the additional measurement: Sony
· Support additional measurement on narrowband(s) indicated in SIB: Huawei, ZTE
· Rationale:
· Potential impact on scheduling congestion of subsequent transmissions, e.g. Msg4: Huawei, ZTE
Considering the views provided by sourcing companies are not convergent and no majority is shown, further discussion on this issue is needed, and the following is proposed:
Proposal #6:
Possible 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.

4. Key Issues on DL quality report in connected mode
For DL quality report in connected mode, issues including triggering mechanism and narrowband used for measurement are discussed by sourcing companies.
The triggering signal for DL quality report in connected mode is proposed as follows:
· For DL quality report in Msg3 in connected mode:
· Triggered by 'R' bit in RAR: Intel
· Rationale: 'R' bit in RAR is not used to differentiate EDT and non-EDT, thus can be used to trigger DL quality report
· Triggered by CSI request field in RAR grant: [Huawei]
· Triggered by PDCCH order: ZTE
· Rationale: there are enough reserved bits in PDCCH order
· If DL quality report in enabled in SIB, for random access procedure triggered not by PDCCH order, UE always report DL quality in Msg3: ZTE
· For DL quality report in connected mode in signals other than Msg3:
· Triggered by DCI (e.g. UL grant, PDCCH order): Huawei (CSI request field in UL grant), ZTE (PDCCH order), Intel (CSI request field in UL grant)
· Rationale: 
· MAC-CE based triggering lacks flexibility and introduces larger delay: Huawei
· For CE mode A reuse CSI request field to trigger DL quality report, and for CE mode B add a CSI request field to the DCI: Huawei, Intel
· There are enough reserved bits in PDCCH order: ZTE
· Triggered by MAC CE: Ericsson, ZTE
· Rationale: 
· Unified solution for CE mode A and CE mode B is preferred, and DCI-based solution would probably require different solutions: Ericsson
Based on the views provided by sourcing companies, the following is proposed:
Proposal #7:
Possible agreement:
· For DL quality report in Msg3 in connected mode, the triggering signal is down-selected between:
· DCI (e.g. UL grant for RAR, PDCCH order)
· 'R' bit in RAR
· For DL quality report in PUSCH other than Msg3 in connected mode, the triggering signal is down-selected between:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE

It was agreed in RAN1#96 that DL quality is measured at least on narrowband(s) on which MPDCCH of USS is monitored. Therefore, it still needs to discuss whether other narrowband(s) than USS MPDCCH narrowband is used for DL quality measurement. The following narrowband(s) used for DL quality measurement in connected mode is proposed: 
· Narrowband(s) on which UE monitors USS for MPDCCH, and narrowband on which associated PDSCH is transmitted: Ericsson(for non-Msg3 report), ZTE (for both non-Msg3 and Msg3 report)
· Rationale:
· For bandwidth limited Cat-M1 UEs, simultaneous monitoring of multiple narrowbands cannot be supported. Therefore if UE monitors narrowbands other than it operating on, long measurement gap is needed, which fragments DL resources and increase power cost: Ericsson
· Other narrowband(s) indicated in triggering signal: ZTE (for non-Msg3 report)
Based on the views provided by sourcing companies, the following is proposed:
Proposal #8:
For further study:
For DL quality report in connected mode, further study whether the following narrowband(s) than USS MPDCCH narrowband is used for DL quality measurement:
· Narrowband(s) on which PDSCH associated with USS MPDCCH is transmitted
· Narrowband(s) indicated in triggering signal

In addition, the content of DL quality report in connected mode NOT via Msg3 is proposed as follows:
· Same as DL quality information reported in Msg3 in IDLE/connected mode: Ericsson
· Rationale:
· Unified solution for both CE mode A and CE mode B, and for both Msg3 report in IDLE/connected mode and non-Msg3 report: Ericsson
The feature lead considers it is straightforward to use same definition of DL quality information in Msg3 or in signals other than Msg3 in connected mode and DL quality information in IDLE mode, if same number of DL quality information bits are defined. It seems better to discuss non-Msg3 report in connected mode case after the definition of DL quality information in IDLE mode is decided.

For CE mode A, since both DL quality report and legacy CQI report are supported, the relationship between DL quality report and CQI report needs to be further discussed. Companies are encouraged to further study this issue and provide more discussion. In this meeting, the following is proposed:
· CQI report is replaced by DL quality report in CE mode A: Huawei, [Intel]
· CQI report and DL quality report are separate features and are up to eNB configuration/triggering: Samsung, [Intel]
Based on the views provided by sourcing companies, the following is proposed:
Proposal #9:
For further study:
For DL quality report in connected mode in CE mode A, if DL quality report is enabled in SIB, further study the relationship between DL quality report and CQI report. At least the following relationship can be considered:
· CQI report is replaced by DL quality report.
· CQI report and DL quality report are separate features and are up to eNB configuration/triggering

5. Other issues
The other remaining issues are discussed in [3]~[11] as follows:
UE capability
· Intel:
· Indication of UE capability for support of DL quality report in Msg3 via PRACH partitioning would impact system capacity.
· It is UE capability whether the DL quality report in Msg3 for Idle mode is supported.
· The design of UL grant in RAR and Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.
Combination of Msg3 report with other MTC features:
· Ericsson:
· [bookmark: _Toc16872490]Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial but leave to RAN2 whether to introduce support for it or not.
· LGE: 
· For MPDCCH quality information in RRC Connected mode, we propose to further study on the following
· Whether and how to take into account the impact of the outcome of MPDCCH performance improvements agenda (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available) on the DCQ report.

6. Conclusion
Proposal #1: 
Possible agreement:
· Specify DL quality information with 8 bits for DL quality report in Msg3 report non-EDT case.
· FFS additional support of DL quality report with 2 available bits for non-EDT case
· If support, adaptive range of DL quality information is defined for DL quality report with 2 bits. FFS details.
Proposal #2: 
For further study:
· Details on fixed range of DL quality information with up to 8 bits
· Details on adaptive range of DL quality information with 2 bits
Proposal #3:
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
· If no additional overhead will be introduced, support Alternative 1: Repetition number =1 is reported with aggregation level 
· Otherwise support Alternative 2: Repetition number =1 is reported assuming aggregation level of 24
Proposal #4:
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 frequency hopping for MPDCCH is enabled, 
· For the case that CQI is not replaced by DL quality report in connected mode, support Alternative 1: Only wideband DL quality is reported.
· FFS what if CQI is replaced by DL quality report in connected mode
Proposal #5:
Possible agreement:
For DL quality report in Msg3 in IDLE mode, if DL quality report in enabled by SIB, UE always expect to report DL quality in Msg3.
Proposal #6:
Possible 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.
Proposal #7:
Possible agreement:
· For DL quality report in Msg3 in connected mode, the triggering signal is down-selected between:
· DCI (e.g. UL grant for RAR, PDCCH order)
· 'R' bit in RAR
· For DL quality report in PUSCH other than Msg3 in connected mode, the triggering signal is down-selected between:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE
Proposal #8:
For further study:
For DL quality report in connected mode, further study whether the following narrowband(s) than USS MPDCCH narrowband is used for DL quality measurement:
· Narrowband(s) on which PDSCH associated with USS MPDCCH is transmitted
· Narrowband(s) indicated in triggering signal
Proposal #9:
For further study:
For DL quality report in connected mode in CE mode A, if DL quality report is enabled in SIB, further study the relationship between DL quality report and CQI report. At least the following relationship can be considered:
· CQI report is replaced by DL quality report.
· CQI report and DL quality report are separate features and are up to eNB configuration/triggering

[bookmark: _GoBack]Appendix
A list of proposals and observations provided by sourcing companies are summarized as follows,
	R1-1908022	Quality report in Msg3 and connected mode in LTE-MTC	Ericsson
[bookmark: _Toc16872477]Observation 1: A unified solution that can be applied to both CE mode A and CE mode B is preferred for the DL channel quality report in Msg3. This can both simplify the standardization efforts and implementations.
Observation 2: Msg3 reporting of aggregation level will not make any practical difference when eNB configures Rmax for USS in Msg4.
Observation 3: Msg3 reporting of aggregation level will not provide any significant additional advantage over existing Rel-13 CSI reporting when eNB performs link adaptation for PDSCH.
[bookmark: _Toc16872480]Observation 4: For many important configurations of the maximum PUSCH repetition factor in CE modes A and B, the smallest available number of PUSCH repetitions for Msg3 is so high that Msg3 should not become a coverage bottleneck.
Observation 5: The usefulness of Msg3 reporting of frequency domain information is very limited if the information is only available when frequency hopping is used in the cell, and only for the narrowbands that are involved in the frequency hopping pattern used during random access.
[bookmark: _Toc16872482]Observation 6: A unified solution that can be applied to both CE mode A and CE mode B is preferred for the aperiodic DL channel quality report in connected mode using same quality definition as in Msg3 in connected mode. This can both simplify the standardization efforts and implementations.
[bookmark: _Toc16872483]Proposal 1: For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement are the narrowband(s) on which MPDCCH of RAR is monitored.
[bookmark: _Toc16872484]Proposal 2: If DL quality reporting is configured in SI and the scheduled Msg3 TBS is large enough, then the UE reports its DL quality in Msg3.
[bookmark: _Toc16872485]Proposal 3: For the DL quality reporting in Msg3 in CE mode A (PRACH CE levels 0 and 1), only repetition number is reported with a pre-defined maximum aggregation level, i.e. no explicit report of aggregation level.
[bookmark: _Toc16872486]Proposal 4: DL quality reporting range in Msg3 is the same (1, 2, 4, 8, 16, 32, 64, 128, 256) for all PRACH CE levels as well as for the EDT and non-EDT cases.
[bookmark: _Toc16872487]Proposal 5: The DL quality report only indicates the number of MPDCCH repetitions (i.e., no other information such as a UE-selected narrowband in the frequency hopping case).
[bookmark: _Toc16872488]Proposal 6: For DL channel quality report in connected mode (other than Msg3), UE performs measurement on the narrowband(s) it is assigned to monitor in USS for MPDCCH and the associated PDSCH.
[bookmark: _Toc16872489]Proposal 7: For DL channel quality report in connected mode (other than Msg3), triggering is MAC CE based.
Proposal 8: Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial but leave to RAN2 whether to introduce support for it or not.

	R1-1908082	Channel quality reporting in Msg3	Huawei, HiSilicon
Proposal 1: If frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Proposal 2: The DL quality information with 2 bits is supported.
Proposal 3: For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1), if the repetition number in DL quality information equals to 1, Repetition number =1 is reported assuming aggregation level of 24.
Proposal 4: Including of the DL channel quality in MSG3 is triggered in RAR for CEMode A UEs.
Proposal 5: The DL channel quality report in connected mode is triggered by DCI.
Proposal 6: A set of narrowbands is indicated in SIB for measurements to derive the DL quality report and the set of narrowbands is a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4.

	R1-1908259	Support of quality report in Msg3 and Connected Mode for MTC	ZTE
Observation 1: At most two narrowbands are configured to be used for the transmission of MPDCCH of RAR, and the narrowbands are shared for all UEs during random access procedure.
Observation 2: If the preferred narrowband of MPDCCH for RAR reported in Msg3 is assigned by eNB for Msg4 transmission, it may lead to scheduling congestion of Msg4.
Observation 3: The measurement duration of each narrowband for wideband measurement is much shorter than that of wideband measurement. Therefore, the measurement accuracy of each narrowband can not be guaranteed due to insufficient measurement duration.
Observation 4: In RRC_CONNECTED mode, if a UE loses uplink synchronization, the DL channel quality of the UE may also have changed. In this case, channel quality measurement and report are also necessary, and ”PDCCH  order” based triggering mechanism is beneficial for reducing the triggering signaling overhead and the latency of reporting the channel quality compared with ”MAC CE” based triggering mechanism.
Observation 5: There are enough reserved bits in “PDCCH order” that can be used as triggering indicator for channel quality report of UE.
Proposal 1:  The size of channel quality report in Msg3 for non-EDT case is up to 8 bits.
· Fixed range of channel quality information is defined for channel quality report with up to 8 bits.
Proposal 2: For DL quality report in Msg3 in RRC_IDLE mode, when frequency hopping is disabled, 
· A narrowband set for channel quality measurement can be configured in SIB.
Proposal 3: When frequency hopping is enabled, there is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband which is selected within the set of narrowband(s) on which wideband DL quality is measured.
Proposal 4: For channel quality report in connected mode other than Msg3, the following triggering mechanism should be supported.
· PDCCH order
· MAC CE
Proposal 5: For channel quality report in RRC_CONNECTED mode other than Msg3, an enabling indicator for the channel quality measurement of other narrowband(s) can be supported.
·  The indicator is sent in the triggering signaling (e.g., PDCCH order, MAC CE).
Proposal 6: For channel quality report in Msg3 in RRC_CONNECTED mode, the following triggering mechanism should be supported.
· PDCCH order based triggering
· Reusing SIB based enable/triggering mechanism in RRC_IDLE mode
Proposal 7: In RRC_CONNECTED mode, DL quality is measured only on carrier(s) on which NPDCCH of USS is monitored.

	R1-1908295	Support of Quality report in Msg3	Nokia, Nokia Shanghai Bell
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.

	R1-1908446	Discussion on quality report in Msg3 and connected mode	Samsung
Observation 1: DL measurement on narrowbands other than RAR MPDCCH narrowband for DL quality report in Msg3 by IDLE mode UEs will impact UE power consumption.
Observation 2: Configuration and triggering of DL quality report in connected mode and CQI report can be up to eNodeB control if they are configured as separate features.
Proposal 1: Design the following formats for DL quality report:
· One long format with up to 8 bits, for at least EDT case in Msg3 report and DL quality report connected mode;
· Potentially one short format with up to 2 bits, pending RAN2 agreement.
Proposal 2: If frequency hopping for MPDCCH is enabled, DL quality on a preferred narrowband and position of the preferred narrowband are additionally reported.
Proposal 3: For CE mode A, if repetition number in DL quality information equals to 1, aggregation level is reported.
Proposal 4: For DL quality report in Msg3 in IDLE mode, DL quality report is triggered by RAR.

	R1-1908523	Downlink channel quality report during random access procedure	LG Electronics
Proposal 1: When frequency hopping for RAR is activated, one preferred narrowband position and one MQI value reflecting transmission only over the selected narrowband in the CSI reference resource are additionally reported
Proposal 2: Whether or not UE in RRC Idle mode reports the measured downlink channel quality information can be triggered in a dynamic manner as follows
· For CE mode A, CSI report field in UL grant of RAR is used for the dynamic triggering signal
· For CE mode B, ‘R’ bit in RAR is used for the dynamic triggering signal
· If RAR is related to EDT grant, whether or not to report downlink channel quality information is determined by higher layer signaling
Proposal 3: For MPDCCH quality information in RRC Connected mode, we propose to further study on the following
· Whether and how to take into account the impact of the outcome of MPDCCH performance improvements agenda (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available) on the DCQ report.

	R1-1908616	Quality report in Msg3 and connected mode for eMTC	Intel Corporation
Observation 1:
· Indication of UE capability for support of DL quality report in Msg3 via PRACH partitioning would impact system capacity.
Proposal 1:
· It is UE capability whether the DL quality report in Msg3 for Idle mode is supported.
· The design of UL grant in RAR and Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.
Proposal 2:
· 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,
· Only aggregation level is reported with pre-defined repetition number equals to 1 (Alternative 1).
· Apply joint encoding of the repetition number and aggregation level for IDLE Mode DL quality report in Msg3 in CE mode A (see Table 1 for details).
Proposal 3:
· 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:
· DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
Proposal 4:
· Consider support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where 
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report. 
Proposal 5:
· For DL quality reporting in Msg3 in Idle mode, RAR-based triggering is not supported.
Proposal 6:
· 	No additional NBs for DL quality report are supported.
Proposal 7:
· It is UE capability to support DL quality report in connected mode using the same quality definition as in Msg3.
· Support the DL quality report in Msg3 and PUSCH in connected mode. 
· For triggering method of the DL quality report in connected mode:
· The reserved bit ‘R’ is used as the trigger for DL quality report in Msg3.
· The CSI request field in UL grant is used as the trigger for DL quality report in PUSCH.

	R1-1908759	Considerations in the support of quality report in Msg3	Sony
Proposal 1: For the non-EDT case, the DL quality report in Msg3 can be 8 bits or 2 bits depending on the scheduled TBS.
Proposal 2: For the idle mode non-EDT case where 2 bits are used for the DL quality report, the repetition value is jointly coded with the RACH CE level such that each state in the 2 bits report indicates a different MPDCCH repetition value depending upon the RACH CE level.
Proposal 3: 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, only wideband DL quality is reported.
Proposal 4: For idle mode, only the narrowband for MPDCCH scheduling RAR is used for DL quality report.  No additional narrowband is used.
Proposal 5: The DL quality report is always sent in Msg3 when it is enabled in the SI.  There is no additional triggering required once it is enabled.

	R1-1908829	Support of Quality report in msg3 and connected mode	Qualcomm Incorporated
Observation 1: Increasing the msg3 TBS increases the power consumption of all UEs accessing the eNB – regardless of release, or whether they support CQI reporting. The loss in SNR is between 1 and 1.5dB, depending on the case.
Proposal 1: For non-EDT case:
- If the UE has enough space in the TBS to include the new MAC CE for CQI, reuse EDT mechanism.
- If the UE does not have enough space to include the new MAC CE for QCI, use 2 bits in MAC header to signal 3 different possibilities for the desired number of repetitions.
Proposal 2: For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits:
· Alternative 1: Only wideband DL quality is reported.
Proposal 3: At least for the case of 2-bit report and mpdcch-NumRepetitions-RA2, aggregation level reporting is not supported.
Proposal 4: For the other cases (8-bit report or mpdcch-NumRepetitions-RA1), let RAN2/RAN4 discuss the set of candidate values (including aggregation level).
Proposal 5: For msg3 reporting with 2 bits, the set of 3 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.
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