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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]DL channel quality reporting was introduced as an optional feature for Rel-14 NB-IoT. Msg3 quality reporting for anchor carrier carries a repetition number (R) corresponding to hypothetical NPDCCH with target BLER of 1% to reflect the interference from other cells. The repetition number is derived based on averaging the DL quality during a period of time. Derivation of DL quality is based on NRS transmitted in subframes used for legacy measurement, thus no additional measurement is introduced to avoid extra power consumption for NB-IoT UEs.
In Rel-16 MTC, DL quality report in Msg3 was also introduced to improve the performance of DL reception during random access procedure, which might be impacted by interference, and can hardly be estimated by legacy measurement before PRACH transmission. In addition, aperiodic quality report in connected mode was introduced in RAN#82 meeting with same quality definition as in Msg3.
Design of DL quality report in Msg3 and in connected mode was discussed in RAN1#98 meeting with the following agreements:
Agreement
CQI report and DL quality report are separate features and it is up to eNB configuration/triggering (UE can be configured to report both CQI and DL quality)
Agreement
· Specify DL quality information with up to 8 bits for DL quality report in Msg3 report non-EDT case.
· In addition to the 8-bit DL quality report, DL quality report with 2 bits is supported for non-EDT case
· FFS: Details on the range of DL quality information for the 2-bit case
· If the quality reporting in Msg-3 is configured in SIB
· If the scheduled TBS is large enough for inclusion of the 8-bit DL quality report, the 8-bit DL quality report is used
· Otherwise, the 2-bit DL quality report is used.
Agreement
For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if the repetition number in DL quality information equals to 1
· Repetition number =1 is reported with aggregation level
· A common table is used for CE mode A and B 
Agreement
For DL quality report in Msg3 for IDLE mode UEs, downlink quality is measured on the narrowband(s) on which MPDCCH of RAR is monitored. No additional downlink quality measurement on other narrowband(s) is introduced.
Agreement
For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if frequency hopping for MPDCCH is enabled, 
· Only wideband DL quality is reported.
Agreement:
· For DL quality report not in Msg3 in connected mode, DL quality report is configured by UE-specific RRC signaling.
· For DL quality report in Msg3 in connected mode, the configuration of DL quality report is selected between in RAN1#98bis:
· SIB
· Reuse the configuration of DL quality report in Msg3 in IDLE mode
· UE-specific RRC signaling 
· Reuse the configuration of DL quality report not in Msg3 in connected mode
Working Assumption:
If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode

In addition, the following was provided in RAN2#107 meeting:
Agreement:
· Explicit signaling is introduced to trigger the aperiodic DL quality report in connected mode. FFS whether DCI or MAC CE.
· MAC CE is used to provide the aperiodic DL quality report in connected mode.
· DL quality report in Msg3 in idle mode is enabled via system information broadcast.
· UE capability reporting is not needed for the DL quality report in Msg3 in idle mode.
· UE capability reporting is introduced for the aperiodic DL quality report in connected mode.

In this contribution, the further details of DL quality reporting in Msg3 and in connected mode are discussed.
2. Discussion
Configuration of Msg3-based DL quality report in connected mode
The configuration of DL quality report in connected mode was discussed in RAN1#98 meeting. For non-Msg3 based DL quality report, it is straightforward to use UE-specific configuration via RRC signaling. The Msg3-based DL quality report was discussed between reusing configuration for Msg3-based report in IDLE mode and reusing configuration for non-Msg3-based report in connected mode. Considering Msg3-based report in connected mode should allow not only Msg3 in contention-based random access procedure, but also the PUSCH scheduled by RAR in contention-free random access procedure (generally the PUSCH is not referred as Msg3 since the UE is already accessed and obtains RNTI). From system consistency and complexity perspective, the two scenarios should use same method of obtaining configuration of DL quality report. Therefore, using UE-specific configuration may be more beneficial. 
Observation 1: UE-specific configuration may better reflect channel status in connected mode even for Msg3-based DL quality report.

Narrowband for connect mode DL quality measurement
For DL quality report in IDLE mode, it was already agreed in RAN1#98 that DL quality measurement is only performed on narrowband(s) on which MPDCCH of RAR is monitored, and no other narrowbands will be measured. The main motivation was to reduce additional UE power consumption by measurement on other narrowbands. In addition, the accuracy and latency of DL quality measurement on multiple narrowbands (or widebands) was not convincible.
Considering that UE may be scheduled to variable narrowbands in connected mode, DL quality measurement on more narrowbands, i.e. on additional narrowbands other than USS MPDCCH, could be more beneficial. In order to avoid additional power consumption, UE could measure only narrowband on which it performs DL reception, e.g. narrowband(s) on which PDSCH was received. 
For DL quality report in connected mode, RAN2 agreed that aperiodic DL quality report is triggered by explicit signaling e.g. DCI or MAC CE. At least for non-Msg3 based DL quality report in connected mode, RAN1 shared similar understanding for the explicit triggering signal. Therefore, DL quality report and measurement in connected mode was more controllable compared with in IDLE mode. 
Considering the scheduling delay between MPDCCH and PUSCH, one solution is that if MAC CE based triggering signal was used, UE could report DL quality corresponding to measurement on other narrowbands; otherwise if DCI based triggering signal was used, UE only report DL quality corresponding to measurement on narrowband of USS MPDCCH. Another solutions is that UE measured DL quality during DL reception scheduled by eNB, and if DL quality report is triggered, it could report the most recent measurement result.
However, DL quality measurement on additional narrowbands is kind of optimization. Considering the complexity of determining relevant conditions/behaviours, whether to support this optimization needs to be carefully considered and should depends on progress of the overall feature.
Observation 2: DL measurement on narrowbands other than RAR MPDCCH narrowband for DL quality report in connected mode can be beneficial for system performance. However, the feasibility of this behavior should depend on progress of the overall feature.

3. Conclusion
Based analysis above, the following observations are provided: 
Observation 1: UE-specific configuration may better reflect channel status in connected mode even for Msg3-based DL quality report.
Observation 2: DL measurement on narrowbands other than RAR MPDCCH narrowband for DL quality report in connected mode can be beneficial for system performance. However, the feasibility of this behavior should depend on progress of the overall feature.
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