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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 noise. The following agreements were made in RAN1 #92 and #92bis meetings:
Agreement:
· The downlink channel quality of NB-IoT UE is reported in MSG 3
· The downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS the details for this metric (at least including measure resources, measure duration, and the details for hypothetical NPDCCH, such as the format, the aggregation level)
· This feature is optional for Rel-14 UEs
· Send LS to RAN2/RAN4 with the following actions: 
· To RAN2: To implement the above signaling
· To RAN4: To define the channel quality metric and new requirements/test cases (if needed)
· Note: This info can be used to assist subsequent DL transmission scheduling and does not put constraints on future enhancements in later release
Agreement:
For the downlink channel quality reporting in msg3:
· RAN1 assumes that the UE is not required to measure additional subframes for this feature  (e.g., the measured subframes used for cell reselection before random access can be reused).
· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.
· In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.
· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)
· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.
· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4. 
Similarly, DL channel quality reporting in Msg3 is also beneficial for MTC system. For UE in RRC_Connected mode, CQI reporting in Msg3 was already supported for CEmodeA in legacy MTC system, but there was no DL channel quality reporting mechanism for IDLE UE and CEmodeB. Therefore, further enhancement on Msg3 reporting for Rel-16 MTC was discussed. A new WID of further enhancements for Rel-16 MTC was approved in RAN plenary #80 meeting with the following objectives :
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In RAN1#94 meeting, in total 9 contributions are submitted. This document summaries the views from different sourcing companies and their proposals regarding DL quality reporting in Msg3 for Rel-16 eMTC.
2. Key Issues
2.1 Metric Reported in Msg3
For DL channel quality report in Msg3, the following metrics are proposed:
· CQI at least for CE Mode A: Ericsson, Huawei, ZTE, Samsung, Intel, LGE
· Number of repetition: 
· Repetition number that UE needs to decode hypothetical MPDCCH with BLER of 1%: Nokia, LGE (repetition number and/or aggregation level), Samsung (for CE Mode B), Qualcomm, Intel
· Actual number of repetitions that UE used to successfully decode Msg2: Sony (as a percentage of scheduled Msg2 repetition), LGE (repetition number and/or aggregation level)
· RSRP/RSRQ: Huawei, ZTE
To converge the proposals from sourcing companies, we recommend to narrow down the range of possible candidates for DL quality metric reported in Msg3. 
Proposal #1: 
· Further study 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 that UE needs to decode hypothetical MPDCCH with BLER of 1% 
· FFS if aggregation level  needs to be reported when repetition number equal to 1
· Actual number of repetitions that UE used to successfully decode Msg2
· RSRP/RSRQ

2.2 Time domain resource for the measurement reported in Msg3
The reference resources for DL quality measurement were discussed:
· Time domain resource (measurement duration):
· Period used for RSRP estimation for PRACH CE level decision: Nokia, Huawei, ZTE
· Period from the beginning of Msg2 reception to the beginning of Msg3 transmission: Huawei, ZTE
· Define measurement reference resource similar as in Rel-13 MTC: Intel(CQI), Samsung(CQI)
· Up to UE implementation: Qualcomm, Intel 
Proposal #2: 
· Further study the time domain resource for DL quality measurement based on each metric:
· 	Period used for RSRP estimation for PRACH CE level decision
· Period from the beginning of Msg2 reception to the beginning of Msg3 transmission 
· Define measurement reference resource similar as in Rel-13 MTC
· Up to UE implementation

2.3 Frequency domain resource for the measurement reported in Msg3
· Frequency domain resource (narrowband used for measurement):
· For reporting number of MPDCCH repetition in Msg3:
· Narrowband(s) on which UE monitor/receive Msg2: Qualcomm, LGE
· For reporting CQI in Msg3:
· Narrowband(s) on which UE monitor/receive Msg2: Ericsson, LGE
· Indicated by eNodeB in SIB: Ericsson
· Narrowband(s) on which UE monitor/receive Msg4 and MPDCCH for Msg3: Samsung
Proposal #3: 
· Further study the narrowband(s) for DL quality measurement based on the metric:
· Narrowband on which UE received Msg2
· Narrowband on which UE will receive MPDCCH for Msg3/Msg4
· Narrowband indicated in SIB

2.4 Reference signal for the measurement reported in Msg3
For the reference signal used by DL quality measurement for Msg3 reporting, CRS is considered by Huawei and LGE. Generally, CRS is a natural option for DL quality measurement, similarly as using CRS for CQI measurement for Connected mode in MTC, and using NRS for measurement of hypothetical repetition number in NB-IoT.
Proposal #4: CRS is used as reference signal for measurement report in Msg3.

2.5 Configuration/triggering of Msg3 reporting
UE with capability of DL quality reporting in Msg3 needs to know if this feature is supported by eNodeB. The following is proposed:
· DL quality report in Msg3 is enabled by eNodeB indication in SIB: Ericsson, Intel
Proposal #5:  Network support of DL quality report in Msg3 is indicated in SIB.

For DL quality reporting in Msg3, always-on reporting in every Msg3 is not preferred by some companies due to the impact on power consumption. Therefore, triggered DL quality reporting is proposed. Candidate solutions were provided as:
· UE report DL channel quality in the corresponding Msg3 if Msg3 reporting is triggered by RAR: Ericsson, Huawei, Sony, Samsung
· Use CSI request field for CQI reporting in Msg3: Ericsson, Huawei, Samsung
· CSI request field for CE Mode A, unused state/field in DCI scheduling RAR for CE Mode B: Sony
· DL quality report in Msg3 is triggered or skipped when conditions are met:
· For RSRP/RSRQ reporting in Msg3, UE report DL channel quality in Msg3(s) if some conditions configured by RRC are met: Sony
· For repetition number reporting in Msg3, UE skip/simplify Msg3 reporting and associated measurement when UE successfully decode Msg2 within a certain small number of repetition and when the configured maximum repetition number of MPDCCH in Type-2 CSS is less than a certain value: LGE
Proposal #6:  
· Further study if triggering of DL quality reporting in Msg3 is needed:
· If triggered DL quality reporting in Msg3 is supported, triggering of DL quality reporting is indicated in RAR
· FFS if other triggering condition is necessary

2.6 Other issues
UE capability:
· Further PRACH preamble partitioning used to distinguish Msg3 with/without DL quality report is NOT preferred by the following companies: Sony, Intel.
· If PRACH preamble is deemed necessary then reuse Rel-15 PRACH preambles for EDT to indicate UE capability on measurement report in Msg3: Sony
· Reporting of UE capability on Msg3 reporting:
· It is UE capability whether the DL quality report in Msg3 is supported. The design of UL grant scheduling Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability: Intel
TBS:
For scheduling of Msg3, possible modifications on TBS of Msg3 are proposed as follows:
· Introduce a new TBS of <328 bits for transmission of DL quality reporting in Msg3: Sony
· When eNB is not aware of UE capability for support of DL quality report in Msg3: Intel
· For non-EDT (if supported), eNB always schedules a larger TBS for Msg3, and it is up to UE to carry DL quality report or add padding bits in Msg3
· For EDT, existing EDT scheduling mechanism is reused and it is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3
· Support scheduling of multiple TBS values similar as EDT design, where part of the TBS values are for Msg3 without DL quality report while the rest are for Msg3 with DL quality report. It is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3.
DL quality range: 
· The ranges of downlink channel quality can be different depending on the configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth: LGE
Virtual MPDCCH definition: 
· Define virtual MPDCCH (for the hypothetical number of repetition) as first candidate in Type-2 CSS for RAR: Qualcomm
Number of bits for DL measurement report:

· The DL quality reporting in msg3 uses N bits (FFS: N=2 or 3). The set of 2N-1 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.
· The value of N is selected depending on feedback from RAN2/RAN4 on overhead (RAN2) and UE accuracy
---- Qualcomm
Reporting of narrowband quality:
Narrowband indices on which UE observed the best channel quality if frequency hopping is enabled: LGE
3. Conclusion
Proposal #1: 
· Further study 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 that UE needs to decode hypothetical MPDCCH with BLER of 1% 
· FFS if aggregation level  needs to be reported when repetition number equal to 1
· Actual number of repetitions that UE used to successfully decode Msg2
· RSRP/RSRQ
Proposal #2: 
· Further study the time domain resource for DL quality measurement based on each metric:
· 	Period used for RSRP estimation for PRACH CE level decision
· Period from the beginning of Msg2 reception to the beginning of Msg3 transmission 
· Define measurement reference resource similar as in Rel-13 MTC
· Up to UE implementation
Proposal #3: 
· Further study the narrowband(s) for DL quality measurement based on the metric:
· Narrowband on which UE received Msg2
· Narrowband on which UE will receive MPDCCH for Msg3/Msg4
· Narrowband indicated in SIB
Proposal #4: CRS is used as reference signal for measurement report in Msg3.
[bookmark: _GoBack]Proposal #5:  Network support of DL quality report in Msg3 is indicated in SIB.
Proposal #6:  
· Further study if triggering of DL quality reporting in Msg3 is needed:
· If triggered DL quality reporting in Msg3 is supported, triggering of DL quality reporting is indicated in RAR
· FFS if other triggering condition is necessary

Appendix
A list of proposals and observations provided by sourcing companies are summarized as follows,
	R1-1808038	Support of quality report in Msg3 in LTE-MTC		Ericsson
Observation 1: In the RAR grant, the eNB can request UE for CSI reporting. However, currently this is not supported for contention based random access procedure for BL/CE UEs, and the field is not available in CEmodeB.
Observation 2: There are enough bits in Msg3 for channel quality reporting in both the non-EDT case and the EDT case.
Proposal 1: Channel quality reporting in Msg3 should at least be supported in CEmodeA for both the non-EDT case and the EDT case.
Proposal 2: Discuss whether channel quality reporting in Msg3 should also be supported in CEmodeB.
Proposal 3: Only CQI reporting is necessary for channel quality reporting in Msg3.
Proposal 4: For CQI reporting in Msg3, reuse the current CQI reporting definitions and steps in connected mode, and configurations related to CQI reporting in Msg3 should be broadcast in SI.
Proposal 5: The UE should report the CQI for the narrowbands it monitors the random access response MPDCCH, or the eNB can indicate in the SI which narrowband(s) the UE should measure for the CQI reporting.
Proposal 6: The eNB should provide indication whether it is expecting the UE to report channel quality in Msg3 in SI. This gives the UE enough time to perform the measurements and preparing for the reporting.

	R1-1808119	Channel quality reporting in Msg3	Huawei, HiSilicon
Observation 1: Channel quality reporting in MSG3 is important to support efficient link adaptation for MPDCCH and PDSCH transmissions after MSG3 during the initial access procedure.
Proposal 1: CSI request field in RAR can be interpreted to determine whether an aperiodic CQI or RSRQ is included in the corresponding MSG3 transmission for contention based random access procedure.
Proposal 2: Both time and frequency domain resources used for channel quality measurement should be defined.

	R1-1808351	On providing quality report in Message 3	Sony
Observation 1: RRC configuring the UE to always provide an Early Measurement Report (EMR) leads to large Msg 3 TBS and higher UE power consumption.
Observation 2: If the Early Measurement Report is an RRC Measurement Report, then it can be transmitted using EDT via Msg 3.
Observation 3: The eNB may have to blind decode on Msg 3 for detection of Early Measurement Report.
Proposal 1: Early Measurement Report is transmitted when an RRC configured measurement criterion is met and/or when requested by the eNB during a Random Access process.
Proposal 2: The request for Early Measurement Report is signalled in Msg 2 or the DCI scheduling Msg 2.
Proposal 3: Consider reporting the actual number of repetitions required for Msg 2 in the Early Measurement Report.
Proposal 4: The reserved preamble used for EDT over Msg 3 is used to indicate that the UE may transmit Early Measurement Report.
Proposal 5: Introduce a new TBS smaller than the smallest EDT TBS of 328 bits for the transmission of Early Measurement Report over Msg 3.

	R1-1808434	Support of Quality report in Msg3	Nokia, Nokia Shanghai Bell
Observation 1:	A new DL quality metric supplied in msg3 could help the network to optimise repetitions for all message 4 transmissions and retransmissions.
Proposal 1: 	The UE is not required to measure additional subframes for this feature (e.g., the measured subframes used for cell reselection before random access can be reused).
Proposal 2:	The indicated hypothetical MPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.
Proposal 3:     	RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4.

	R1-1808469	Downlink channel quality report during random access procedure		LG Electronics
Observation 1: Downlink channel quality report during random access procedure is beneficial if it is used for the following purposes.
· The number of actual repetitions of MPDCCH in Type-2 CSS can be properly adjusted
· A proper code-rate and repetition number of PDSCH carrying Msg.4 can be assigned
Proposal 1: Downlink resources on which UE received Msg.2 are used for measurement reference resources
Proposal 2: The followings can be considered for the information of downlink channel quality in Msg.3
· The repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH in Type-2 CSS with an error probability not exceeding a certain value(e.g., 0.01)
· The repetition number and/or aggregation level of MPDCCH or PDSCH associated with Msg.2 when UE successfully decoded it
· An NB indice(s) on which UE observed the best channel quality if NB hopping is enabled, and FFS on how to represent channel quality over N NB indices
· The ranges of downlink channel quality can be different depending on the configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth
Proposal 3: The measurement reference resources (e.g., which RS(s) between DM-RS and CRS; which NB(s) between hopping NBs) and the derivation of channel quality need to be carefully defined taking into account the followings
· MPDCCH is transmitted on the antenna ports of 107 and 109 while CRS antenna ports are from 0 to 3
· Msg.2 can be transmitted on NBs dispersed over system bandwidth when NB hopping is enabled
· Frequency resources used for Msg.4 can be different from those for Msg.2
Proposal 4: In order to save UE's power, the following cases can be considered to allow UE to skip or simplify the measurement and report of a downlink channel quality
· When UE successfully decoded Msg.2 within a certain small number of repetition
· When the configured maximum repetition number of MPDCCH in Type-2 CSS is less than a certain value

	R1-1808635	Specify Msg3 quality reporting at least for EDT		ZTE
Proposal 1: It is proposed to add DL CE level related reporting in Msg3, candidate information for DL channel in Msg3 can be DL CE level index, MPDCCH repetition number and RSRQ/RSRP.
Proposal 2: For CE Mode A, CQI could be reported in Msg3. FFS details.

	R1-1808733	Discussion on quality report in Msg3 for MTC	Samsung
Observation #1: CQI measurement might be impacted by RAR scheduling narrowbands for Msg3/Msg4 different from the narrowband on which the RAR grant is received. Further restrictions on resource scheduling in RAR should be discussed to maintain the feasibility of Msg3 reporting of CQI for EDT.
Proposal #1: For CE Mode A, CQI can be considered as metric of DL quality for Msg3 reporting at least for EDT with small specification impact. IDLE UE can perform CQI measurement based on pre-defined or broadcasted CQI configurations per CE level. 
Proposal #2: For CE Mode B, Msg3 reporting with hypothetical repetition number is an acceptable solution. For CE Mode A, the performance and complexity of reporting CQI or hypothetical R needs to be compared based on further evaluations.

	R1-1809026	Support of Quality report in msg3	Qualcomm Incorporated
Proposal 1: The “DL quality reporting in msg3” is defined as “The lowest number of repetitions Rdesired needed for a MPDCCH transmitted in the ‘PDCCH reference resource’ to be decoded with an error probability not exceeding 0.01”. 
Proposal 2: The ‘MPDCCH reference resource’ is defined as “A candidate mapped onto the Type-2 common search space starting in subframe s0” . Measurements are made in the same narrowband as MPDCCH is received, and shall take hopping configuration into account.
Proposal 3: The subframe s0 is the first subframe of the first candidate of the first Type-2 search space in the random access response window of the current random access attempt.
Proposal 4: The computation of Rdesired is based on “an unrestricted observation interval in time, and an unrestricted observation interval in frequency”.
Observation 1: Reporting all the possible values of Rdesired requires 4 bits in msg3.
Observation 2: For a given coverage level, the expected set of Rdesired should be much smaller than the complete set of R.
Proposal 5: The DL quality reporting in msg3 uses N bits (FFS: N=2 or 3). The set of 2N-1 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.
The value of N is selected depending on feedback from RAN2/RAN4 on overhead (RAN2) and UE accuracy

	R1-1809469	DL quality reporting in Msg3 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:
· It is expected that a larger TBS is needed for Msg3 with DL quality report.
Proposal 1:
· The DL quality report in Msg3 is configured semi-statically by higher layer signaling in a cell-specific manner.
· It is UE capability whether the DL quality report in Msg3 is supported.
· The design of UL grant scheduling 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:
· Consider to denote the DL channel quality as CQI, or number of repetitions that the UE needs to decode hypothetical MPDCCH with BLER of 1%.
Proposal 3:
· If DL channel quality report is denoted by CQI, define measurement reference resource similar as in Rel-13 eMTC.
· If DL channel quality report is denoted by the number of repetitions for MPDCCH, measurement reference resource is not defined.
Proposal 4:
· When eNB is not aware of UE capability for support of DL quality report in Msg3, consider the following design options for scheduling of Msg3: 
· Option 1. For cases without EDT (if supported), eNB always schedules a larger TBS considering the need to carry DL quality report in Msg3, and it is up to UE to carry DL quality report or add padding bits in Msg3. For case with EDT, existing EDT scheduling mechanism is reused and it is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3. 
· Option 2. Support scheduling of multiple TBS values similar as EDT design, where part of the TBS values are for Msg3 without DL quality report while the rest are for Msg3 with DL quality report. It is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3.
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