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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~#96 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


In addition, the following RAN2 agreements for quality report in Msg3 were made in RAN2#103b~#105:
	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.



In RAN1#96bis meeting, in total 9 contributions are submitted. This document summarizes the views from different sourcing companies and their proposals regarding DL quality reporting in Msg3 and connected mode for Rel-16 eMTC.
2. Key issues on design of DL quality report in IDLE mode
2.1 DL quality metric for CE mode A
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#96 meeting, it was agreed that for CE mode A, repetition number is report with pre-defined maximum aggregation level when repetition number is larger than 1, but for the case of repetition number equaling to 1, the reported DL quality needs to be down-selected between aggregation or repetition number. The following options are proposed:
· [bookmark: _Toc4770695]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,
· Only aggregation level is reported with pre-defined repetition number equals to 1: Huawei, Nokia, Intel, Samsung, LGE
· Only repetition number is reported with use pre-defined [maximum] aggregation level, i.e. no explicit report of aggregation level: Ericsson, Sony, ZTE
There shows a slight majority for reporting aggregation level to provide more information in DL quality, but there are concerns provided in [2][5] that it is unnecessary to provide finer granularity under good channel condition. Further discussion may be needed to achieve consensus on this issue. Therefore, the following is proposed:
Proposal #1:
For further study:
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,
· Further discuss whether aggregation level or repetition number is reported.

2.2 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 if 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 meeting. Whether or not to additionally report narrowband DL quality and position of the narrowband still needs to be further discussed. The following options are proposed:
· If frequency hopping for MPDCCH is enabled, 
· UE reports wideband DL quality only: Huawei, ZTE
· Similarly as CSI report mode 2-0 (UE selected subband), UE reports not only wideband DL quality, but also DL quality on a preferred narrowband and/or position of the preferred narrowband: Nokia, Intel (for EDT), Samsung, LGE
In [4] it is proposed that additionally report one preferred narrowband is beneficial to Msg4 scheduling. In [6] the number of bits for DL quality report is calculated and it is proposed to use the remaining bits in MAC CE to carry the position of a preferred narrowband. In [8][10] it is proposed to reuse CSI report mode 2-0 in legacy MTC system and similarly reports DL quality and position of a preferred narrowband. On the contrary, it is proposed in [7] that there is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband.
There shows a slight majority for reporting one preferred narrowband additionally. In addition, considering that a new MAC CE will be defined for Msg3 report in EDT case, there is highly possible to be remaining bits to carry information of narrowband DL quality. Therefore, the following is proposed:
Proposal #2:
Possible agreement:
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1), 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.
· The preferred narrowband is selected within the set of narrowband(s) in which wideband DL quality is measured.

2.3 Size and further details of DL quality information
The size of DL quality report is discussed in [2][3][6][9][10]. In [2] it is observed that from RAN1 perspective, there are enough bits in Msg3 for channel quality reporting in both EDT and non-EDT case. In [3] it is proposed to use 2 and 3 bits for CE mode A and CE mode B respectively. In [9] it is proposed the number of bits should depend on RAN2/RAN4 decision to satisfy the requirement of overhead/bit availability/UE accuracy. In [6] it is proposed that an EDT-like design is introduced and UE choose TBS values depending on its capability of DL quality report. 
The detailed design of DL quality metric, including how many candidates of DL quality metric are defined and the values of each candidate are discussed in [2][10]. In [2] it is proposed that if there are enough size, the DL quality reporting range could be fixed for all PRACH CE levels and for both EDT and non-EDT cases. On the contrary, in [10] it is proposed the candidate values can be adaptive depending on Type2-CSS configuration e.g. Rmax/hopping configuration, same/different narrowband between RAR MPDCCH and MPDCCH of Msg3/4, frequency domain distance between RAR MPDCCH and MPDCCH of Msg3/4. 
The relevant proposals/observations are listed below:
	Ericsson
	· [bookmark: _Toc4770693]From RAN1 perspective, there are enough bits in Msg3 for channel quality reporting for BL/CE UEs in both the non-EDT case and the EDT case.
· [bookmark: _Toc4770697]If the size of the report allows it (pending RAN2 agreements), the DL quality reporting range can be 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.

	Huawei
	· 2 and 3 bits can be used to report the channel quality for CEMode A UEs and CEMode B UEs, respectively

	Sony
	· The absolute repetition in the DL quality report in Msg3 is dependent upon the PRACH CE level the UE is in or the RAR MPDCCH repetition.  For example the 4 PRACH CE levels can combine with the 1 bit to give 8 repetition levels.

	Intel
	· Consider to 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.

	Qualcomm
	· The DL quality reporting in msg3 and connected mode uses N bits. The set of 2N-1 candidates for Rdesired depends on mpdcch-NumRepetitions-RA/mpdcch-NumRepetition-r13 for the corresponding coverage level if N<4.
· The value of N is selected depending on feedback from RAN2/RAN4 on overhead/bit availability (RAN2) and UE accuracy (RAN4).

	LGE
	· For CQI report in RRC Idle mode, a range of MPDCCH quality information can be different depending on the followings
· The configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth
· Whether or not the narrowband(s) for MPDCCH of RAR monitoring is the same as those for MPDCCH of Msg3/Msg4
· FFS when the narrowband(s) indicated by RAR for the monitoring of MPDCCH of Msg3/4 is placed more than X PRBs apart from those for MPDCCH of RAR



Since the views provided by sourcing companies are not convergent enough, the following is proposed:
Proposal #3: 
For further study:
For DL quality report in Msg3, further study the following details for design of DL quality metric:
· Whether the candidate values of DL quality is adaptive based on certain parameters/conditions, or fixed for all PRACH CE levels and/or for both EDT and non-EDT cases
· Size of DL quality report
Note: In RAN2#105 meeting, it was agreed to define new MAC CE to report channel quality in Msg3 for EDT. Therefore, the feature lead assumes at least for EDT case, there might be 8 bits to contain DL quality report, which at least includes one wideband/narrowband DL quality, and potentially might also include DL quality on a preferred narrowband and/or the position of the narrowband. Waiting for more RAN2 progress on non-EDT case.

Based on the progress on MTC and NB-IoT DL quality report, RAN2 input including number of bits used for DL quality report and how DL quality is carried via higher layer signaling is necessary for the following RAN1 discussion. Therefore, the following is proposed:
Proposal #3-2: 
Possible 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
· Above might be different for different cases including
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· UE initiated random access procedure
This LS will be prepared together with NB-IoT DL channel quality in Msg3 for non-anchor access.

2.4 Triggering mechanism of Msg3 report
UE with capability on IDLE mode DL quality report needs to decide if DL quality is reported in Msg3 or not. The decision should depend on the enabling indication in SIB, and may also depends on a triggering signal e.g. RAR/UL grant for RAR. For the triggering mechanism of DL quality report in IDLE mode, the following are proposed:
· Triggred by SIB: Ericsson, Huawei (CE mode B), Intel
· Ericsson: DL quality reporting in Msg3 configuration is broadcasted in SI, and if the reporting is configured in SI and the scheduled Msg3 TBS is large enough, then the UE reports its DL quality in Msg3.
· Triggered by RAR/UL grant of RAR: Huawei (CE mode A), Samsung, LGE
· LGE:
· 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
Since the views provided by sourcing companies are not convergent enough, the following is proposed:
Proposal #4:
For further study:
For DL quality report in Msg3, further study whether DL quality report is triggered by RAR or always transmitted after enabled by SIB. At least the following aspects should be taken into consideration:
· Whether to use a unified solution for CE mode A and CE mode B
· Whether to decide the inclusion of DL quality in Msg3 based on other conditions


2.5 Configuration of DL quality report in IDLE and/or connected mode
The configuration of DL quality report for both IDLE and connected modes is discussed in [2][6]. In [2] it is proposed to support independently configure the inclusion of DL quality report in Msg3 per CE mode/PRACH level for IDLE mode. In [6] it is proposed to support independently configure DL quality report in Msg3 and in connected mode. In addition, [6] also discusses which signaling is used for connected mode configuration and UE capability on Msg3/connected mode report.
The relevant proposals/observations are listed below:
	Ericsson
	· The inclusion of DL quality report in Msg3 should be possible to configure in SI per CE mode or per PRACH CE level.

	Intel
	· 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.
· It is UE capability to support DL quality report in connected mode using the same quality definition as in Msg3.
· The DL quality report in Msg3 in Idle mode and the DL quality report in connected mode can be configured separately. 
· The DL quality report in connected mode is configured by UE-specific RRC signaling. 



Based on the views provided by sourcing companies, the following is proposed:
Proposal #5:
Possible 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.

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. 
The association between DL quality measurement and DL transmission of Msg3/Msg4 MPDCCH, Msg4 PDSCH and the following transmissions after RACH are considered by multiple companies to evaluate the performance of only measuring narrowband on which RAR MPDCCH is transmitted. The cons of DL measurement on multiple narrowbands including the potential cost of additional measurement as well as impact on measurement accuracy are also discussed. The following candidate narrowbands used for DL quality measurement are proposed:
· Narrowband on which MPDCCH of RAR is monitored: Ericsson(preferred), Intel, ZTE (if not configured in SIB), Samsung, LGE
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Narrowband on which PDSCH of RAR is monitored: Ericsson (if not RAR MPDCCH narrowband), Samsung
· Narrowband on which Msg3/Msg4 MPDCCH is monitored: Huawei, Qualcomm
· Huawei:
· Predefine a mapping rule between the narrowband used for MPDCCH of MSG3/MSG4 and the transmission resources used for RAR.
· Qualcomm: For reporting in msg3:
· If delay between RAR and msg4 is small (less than X subframes), the measurement/reporting is based on the narrowband(s) for msg3 MPDCCH.
· If delay between RAR and msg4 is large (more than X subframes), the measurement/reporting is based on the narrowband(s) for msg4 MPDCCH (or other narrowbands, if desired)
· Narrowband on which RSRP is measured: Sony
· Narrowband(s) configured in SIB: Ericsson (if not RAR MPDCCH narrowband), Huawei, ZTE 
· Huawei:
· Predefine a set of narrowbands in the SIB for measurement to derive the DL quality report and the predefined set of narrowbands are a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4.
· Narrowband(s) fixed in standard: Ericsson (if not RAR MPDCCH narrowband)
[* Ericsson proposal is to adopt one of the four indicated options (not more than one option).]
Based on the views provided by sourcing companies, the following is proposed:
Proposal #6:
Possible agreement:
· For DL quality report in Msg3, narrowband(s) used for DL quality measurement includes at least the narrowband on which MPDCCH of RAR is monitored.

For further study:
· Further study the following narrowband(s) used for DL quality measurement:
· Narrowband on which UE received PDSCH of RAR
· Narrowband on which Msg3/Msg4 MPDCCH is monitored
· Narrowband used for RSRP measurement and/or paging
· Narrowband configured in SIB
· Pre-configured narrowband

Note: In RAN2#105 meeting, it was agreed that UE reports at most one DL quality measurement in Msg3 transmission and this is pending RAN1 agreement. The feature lead assumes the RAN2 agreement introduces no restriction of how many narrowbands will be measured for DL quality report from RAN1 perspective. UE might measure DL quality on multiple narrowbands and report DL quality on a preferred narrowband.

3.2 CSI reference resource of DL quality measurement
The DL quality was agreed as the repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH with BLER of 1%. One potential issue is DL quality needs to be derived based on a given number of PRBs and/or aggregation number. 
In [2] it is proposed that the number of PRBs and aggregation level should also be defined for the repetition number related to UE decoding hypothetical MPDCCH with 1% BLER target. 
Considering that in RAN1#96 meeting it was agreed that if repetition number in DL quality information is larger than 1, only repetition number is reported with pre-defined maximum aggregation level, the feature lead assumes the aggregation level used to derive DL quality can be maximum aggregation level. 
For the maximum aggregation level used to derive DL quality, it needs to clarify if the maximum aggregation level is always fixed to 24 (which implies 2+4 PRBs are configured), or the maximum aggregation level is the maximum value under (pre-)defined PRB-set size. 
For DL quality in Msg3 in IDLE mode, considering that MPDCCH for Msg3 is transmitted in CSS, of which the maximum aggregation level is always configured as 24, it is straightforward to fix the maximum aggregation level to 24 and define the PRB number as 2+4 PRBs for DL quality in Msg3 in IDLE mode. For DL quality connected mode, it needs further study if the maximum aggregation level and number of PRB needs to depend on configuration of MPDCCH for USS. 
For the progress of this feature, the feature lead encourages companies to further consider this issue and the following is proposed:
Proposal #7:
Possible agreement:
For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is defined as:
· For IDLE mode DL quality report in Msg3, fixed to 24.
· For connected mode DL quality report, FFS between:
· The maximum value corresponding to MPDCCH configuration at least including size of MPDCCH-PRB-set.
· Fixed to 24.

Possible conclusion:
For DL quality report, the following may be defined for IDLE mode report and/or connected mode report, respectively:
· The number of PRB used to derive DL quality
· The aggregation level used to derive DL quality

Note: It does not imply that when repetition number in DL quality information equals to 1, whether UE will report aggregation level or repetition number. 

4. Key Issues on DL quality report in connected mode
For DL quality report in connected mode, issues including triggering mechanism, how DL quality is carried, and narrowband used for measurement are discussed by sourcing companies.

Compared with DL quality report in IDLE mode, the triggering signal needs to be defined for connected mode. The following triggering signals are proposed by companies:
· Triggered by DCI (e.g. UL grant, PDCCH order): Huawei, Nokia, Intel (for DL quality carried in PUSCH), ZTE
· Triggered by ‘R’ bit in RAR: Intel (for DL quality carried in Msg3)
· MAC-CE based triggering signal: Ericsson, Nokia

How the DL quality report in connected mode is carried is discussed with the following:
· Transmitted via higher layer signaling (e.g. MAC CE, RRC): Ericsson, Huawei, Nokia, [Intel], Qualcomm
· Transmitted in PUSCH: [Huawei], Intel

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. Companies are encouraged to provide views on this issue.

In addition, 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. It is discussed in [6] that when A-CSI report is triggered, UE needs to decide whether CQI or DL quality will to be reported, e.g. whether CQI report can be replaced by DL quality report, or use 1 additional bit to trigger CQI/DL quality report separately. Companies are encouraged to study this issue and provide more discussion. 

Based on the views provided by sourcing companies, the following is proposed:
Proposal #8:
Possible agreement:
· For DL quality report in connected mode, DL quality is transmitted via higher layer signaling, e.g. MAC CE or RRC message.

For further study:
· For DL quality report in connected mode, further study the following:
· DL quality report can be triggered by:
· Reserved bit in DCI 
· ‘R’ bit in RAR
· MAC-CE based triggering signal
· Whether other narrowband(s) than USS MPDCCH narrowband is used for DL quality measurement
· The relationship between DL quality report and legacy CQI report for CE mode A
· Whether only one of DL quality report and CQI report is supported
· Whether DL quality report and CQI report are triggered separately

5. Other issues
The other remaining issues are discussed in [2]~[10] as follows:
PRACH resource partitioning
· Intel:
· Indication of UE capability for support of DL quality report in Msg3 via PRACH partitioning would impact system capacity.
Time duration of DL quality measurement
· Samsung:
· For Msg3 report in IDLE mode in MTC, reuse two measurement periods T1 and T2 defined in NB-IoT, and it is up to UE implementation to use T1 and/or T2 for DL measurement.
Combination of Msg3 report with other MTC features:
· Ericsson:
· [bookmark: _Toc4770704]Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial.
· LGE: 
· For MPDCCH quality information in RRC Connected mode, we propose to further study on the following
· Whether and how to proceed along with another agenda of MPDCCH performance improvements (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available)

6. Conclusion
Proposal #1:
For further study:
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,
· Further discuss whether aggregation level or repetition number is reported.
Proposal #2:
Possible agreement:
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1), 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.
· The preferred narrowband is selected within the set of narrowband(s) in which wideband DL quality is measured.
Proposal #3: 
For further study:
For DL quality report in Msg3, further study the following details for design of DL quality metric:
· Whether the candidate values of DL quality is adaptive based on certain parameters/conditions, or fixed for all PRACH CE levels and/or for both EDT and non-EDT cases
· Size of DL quality report
Proposal #3-2: 
Possible 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
· Above might be different for different cases including
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· UE initiated random access procedure
This LS will be prepared together with NB-IoT DL channel quality in Msg3 for non-anchor access.
Proposal #4:
For further study:
For DL quality report in Msg3, further study whether DL quality report is triggered by RAR or always transmitted after enabled by SIB. At least the following aspects should be taken into consideration:
· Whether to use a unified solution for CE mode A and CE mode B
· Whether to decide the inclusion of DL quality in Msg3 based on other conditions
Proposal #5:
Possible 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.
Proposal #6:
Possible agreement:
· For DL quality report in Msg3, narrowband(s) used for DL quality measurement includes at least the narrowband on which MPDCCH of RAR is monitored.

For further study:
· Further study the following narrowband(s) used for DL quality measurement:
· Narrowband on which UE received PDSCH of RAR
· Narrowband on which Msg3/Msg4 MPDCCH is monitored
· Narrowband used for RSRP measurement and/or paging
· Narrowband configured in SIB
· Pre-configured narrowband
Proposal #7:
Possible agreement:
For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is defined as:
· For IDLE mode DL quality report in Msg3, fixed to 24.
· For connected mode DL quality report, FFS between:
· The maximum value corresponding to MPDCCH configuration at least including size of MPDCCH-PRB-set.
· Fixed to 24.

Possible conclusion:
For DL quality report, the following may be defined for IDLE mode report and/or connected mode report, respectively:
· The number of PRB used to derive DL quality
· The aggregation level used to derive DL quality
Proposal #8:
Possible agreement:
· For DL quality report in connected mode, DL quality is transmitted via higher layer signaling, e.g. MAC CE or RRC message.

For further study:
· For DL quality report in connected mode, further study the following:
· DL quality report can be triggered by:
· Reserved bit in DCI 
· ‘R’ bit in RAR
· MAC-CE based triggering signal
· Whether other narrowband(s) than USS MPDCCH narrowband is used for DL quality measurement
· The relationship between DL quality report and legacy CQI report for CE mode A
· Whether only one of DL quality report and CQI report is supported
· Whether DL quality report and CQI report are triggered separately

Appendix
A list of proposals and observations provided by sourcing companies are summarized as follows,
	R1-1903886	Quality report in Msg3 and connected mode in LTE-MTC	Ericsson
[bookmark: _Toc1167130]Observation 1: From RAN1 perspective, there are enough bits in Msg3 for channel quality reporting for BL/CE UEs in both the non-EDT case and the EDT case.
[bookmark: _Toc1167131]Observation 2: A unified solution that can be applied to both CE mode A and CE mode B is preferred for the aperiodic 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: _Toc1167132]Proposal 1: For the DL quality reporting in Msg3 in CE mode A (PRACH CE levels 0 and 1), only repetition number is reported with pre-defined [maximum] aggregation level, i.e. no explicit report of aggregation level.
[bookmark: _Toc1167133]Proposal 2: For the DL quality reporting in Msg3, the number of PRBs and aggregation level should also be defined for the repetition number related to UE decoding hypothetical MPDCCH with 1% BLER target.
[bookmark: _Toc1167134]Proposal 3: If the size of the report allows it (pending RAN2 agreements), the DL quality reporting range can be 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: _Toc1167135]Proposal 4: DL quality reporting in Msg3 configuration is broadcasted in SI, and if the reporting is configured in SI and the scheduled Msg3 TBS is large enough, then the UE reports its DL quality in Msg3.
[bookmark: _Toc1167136]Proposal 5: The inclusion of DL quality report in Msg3 should be possible to configure in SI per CE mode or per PRACH CE level.
[bookmark: _Toc1167137][bookmark: _Toc4770700]Proposal 6: For DL quality report in Msg3, the UE reports the DL quality for the RAR MPDCCH narrowband.
[bookmark: _Toc1167139]Proposal 7: For DL quality report in connected mode, DL quality is measured on narrowband(s) on which MPDCCH of USS is monitored.
[bookmark: _Toc4770702]Proposal 8: For DL quality report in connected mode, triggering is MAC CE based.
Proposal 9: For DL quality report in connected mode, reporting is MAC CE based.
Proposal 10: Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial.

	R1-1903919	Channel quality reporting in Msg3	Huawei, HiSilicon 
Proposal 1: For DL quality report in Msg3 in CE mode A, if the repetition number in DL quality information equals to 1, only aggregation level is reported with pre-defined repetition number equals to 1.
Proposal 2: If frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Proposal 3: 2 and 3 bits can be used to report the channel quality for CEMode A UEs and CEMode B UEs, respectively.
Proposal 4: Including of the DL channel quality in MSG3 is triggered in RAR for CE Mode A UEs.
Proposal 5: Predefine a set of narrowbands in the SIB for measurement to derive the DL quality report and the predefined set of narrowbands are a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4.
Proposal 6: Reuse the triggering and reporting mechanism of CQI for CEMode A UEs for channel quality report in connected mode.

	R1-1904171	Support of Quality report in Msg3	Nokia, Nokia Shanghai Bell 
Proposal 1: If frequency hopping for MPDCCH is enabled, it is also possible for the DL quality on a preferred narrowband to be reported.
Proposal 2: If the repetition number in DL quality information equals to 1, the UE reports the lowest aggregation level that achieves the repetition level of 1.
Proposal 3: To trigger a Msg3 DL channel quality report in connected mode, DCI reserved bit or MAC CE based approaches are adopted.
Proposal 4: When triggered for a channel quality report in connected mode, using the same quality definition as in Msg3, the measurement is transmitted is higher layer signalling, e.g. MAC CE or RRC message.

	R1-1904232	Remaining issues in supporting quality report in Msg3	Sony
Observation 1: In eMTC, there is 1 spare bit in the RRCConnectionRequest and RRCConnectionResumeRequest messages to carry the 1 bit DL Quality Report.
Observation 2: The DL Quality measurement is a reflective of the general channel condition
Proposal 1: The DL Quality Report over Msg3 is transmitted via RRC message.
Proposal 2: Combine the 4 RACH CE levels with a 1 bit DL Quality Report to provide 8 hypothetical MPDCCH repetition levels.
Proposal 3: The narrowband used for measurement for the DL Quality Report is the same narrowband used for RSRP measurements.
Proposal 4: If the repetition number in DL quality information equals to 1, repetition number equals to 1 is reported with pre-defined [maximum] aggregation level

	R1-1904267	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.
Observation 2:
· DL quality report carried by MAC CE allows UE to perform the measurement during the RAR monitoring and construct the quality report after reception of RAR.
· Measurement on RAR NB helps improve DL scheduling without large impact on UE complexity and power consumption. 
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 CE mode A, if the repetition number in DL quality information equals to 1,
· Only aggregation level is reported with pre-defined repetition number equals to 1.
· If frequency hopping is configured, the position of the preferred narrowband carried in the DL quality report in addition to the wideband DL quality at least for EDT case may be considered. 
Proposal 3:
· Consider to 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 4:
· For DL quality reporting in Msg3 in Idle mode, RAR-based triggering is not supported.
Proposal 5:
· UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR) for DL quality report in Msg3.
Proposal 6:
· It is UE capability to support DL quality report in connected mode using the same quality definition as in Msg3.
· The DL quality report in Msg3 in Idle mode and the DL quality report in connected mode can be configured separately. 
· The DL quality report in connected mode is configured by UE-specific RRC signaling. 
· 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.

	R1-1904346	Support of quality report in Msg3 and Connected Mode for MTC	ZTE 
Observation 1: For a given UE, the number of narrowband(s) used for RSRP measurement may be larger than 1.
Observation 2: When DL quality report in Msg3 is triggered, there may be no Paging Occasion before the transmission of Msg3.
[bookmark: OLE_LINK8]Observation 3: If narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement, the gap for DL quality measurement is the time window of the search space of MPDCCH scheduling RAR which is configured by high layer parameter “ra-ResponseWindowSize”.
Observation 4: If narrowband on which UE received PDSCH of RAR is used for DL quality measurement, the DL quality measurement gap is not large enough to evaluate an accurate DL quality especially when the repetition number of PDSCH of RAR is configured to 1.
Observation 5: If narrowband(s) for DL quality measurement is configured in SIB, the number of the narrowbands may be larger than 1.
Proposal 1: When frequency hopping for MPDCCH is disabled, if a narrowband set for DL quality measurement is configured in SIB, the UE can select one narrowband from the narrowband set and report its DL quality in Msg3. Otherwise, narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement.
Proposal 2: When frequency hopping for MPDCCH is enabled, there is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband.
[bookmark: OLE_LINK14]Proposal 3: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether DL quality report is enabled in Msg3.

	R1-1904377	Discussion on quality report in Msg3 and connected mode	Samsung
Observation 1: DL quality measurement duration depends on UE capability and how DL quality report is carried.
Observation 2: For non-EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, the DL quality measurement is not required to be corresponding to narrowbands of Msg3/4 MPDCCH. 
Proposal 1: For Msg3 report in IDLE mode in MTC, reuse two measurement periods T1 and T2 defined in NB-IoT, and it is up to UE implementation to use T1 and/or T2 for DL measurement.
Proposal 2: For EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, UE report DL quality corresponding to narrowband on which RAR is monitored, and eNodeB should not schedule Msg3/Msg4 MPDCCH to other narrowbands.
Proposal 3: DL quality report corresponding to multiple narrowbands/widebands can be considered at least for non-EDT case.
Proposal 4: If DL quality is carried in RRC/EDT, DL quality report is triggered by SIB. Otherwise DL quality is triggered by RAR.

	R1-1904521	Support of Quality report in msg3 and connected mode	Qualcomm Incorporated 
Proposal 1: For reporting in msg3:
· If delay between RAR and msg4 is small (less than X subframes), the measurement/reporting is based on the narrowband(s) for msg3 MPDCCH.
· If delay between RAR and msg4 is large (more than X subframes), the measurement/reporting is based on the narrowband(s) for msg4 MPDCCH (or other narrowbands, if desired)
Proposal 2: The DL quality reporting in msg3 and connected mode uses N bits. The set of 2N-1 candidates for Rdesired depends on mpdcch-NumRepetitions-RA/ mpdcch-NumRepetition-r13 for the corresponding coverage level if N<4.
· The value of N is selected depending on feedback from RAN2/RAN4 on overhead/bit availability (RAN2) and UE accuracy (RAN4).
Proposal 3: DL quality report in connected mode is transmitted via higher layer signaling, e.g. MAC CE or RRC message.

	R1-1904609	Downlink channel quality report during random access procedure	LG Electronics
Proposal 1: For CQI report in RRC Idle mode, the CSI reference resource is restricted to narrow bands on which UE monitors MPDCCH for RAR
Proposal 2: For CQI report in RRC Idle mode, a range of MPDCCH quality information can be different depending on the followings
· The configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth
· Whether or not the narrowband(s) for MPDCCH of RAR monitoring is the same as those for MPDCCH of Msg3/Msg4
· FFS when the narrowband(s) indicated by RAR for the monitoring of MPDCCH of Msg3/4 is placed more than X PRBs apart from those for MPDCCH of RAR
Proposal 3: 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 4: 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 5: For MPDCCH quality information in RRC Connected mode, we propose to further study on the following
· Whether and how to proceed along with another agenda of MPDCCH performance improvements (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available)
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