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Introduction
In the last RAN1 #92 meeting, RAN1 sent RAN4 an LS informing their agreement on the downlink channel quality reporting in MSG3. Downlink channel quality shares similarity with radio link monitoring in the sense that UE is required to measure the SINR and compares the SINR estimate with the minimum SNR to achieve a certain hypothetical NPDCCH BLER target for a given NPDCCH repetition level.
In this contribution, we provide a comparison between the downlink channel quality with radio link monitoring, and further discuss various aspects that need to be considered in defining the accuracy requirement of the downlink channel quality reporting.
Discussion
RAN1 LS on the downlink channel quality reporting is captured as below. 
	R1-1803163 [1]
During RAN1#92, RAN1 made the following agreements regarding NB-IoT downlink channel quality determination and report for NB-IoT. The following agreements were made
· 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




Comparison with RLM
According to the RAN1 agreement, the downlink channel quality is denoted as the repetition number that UE needs to decode the hypothetical NPDCCH with BLER of 1%. Since the NB-IoT UE needs to estimate on the downlink SINR of the serving cell in order to derive the minimum required NPDCCH repetition level, channel quality reporting has similarity with the radio link monitoring. 
[bookmark: _Hlk510479719]Table 1 shows a comparison of the radio link monitoring (RLM) and the channel quality reporting. While the hypothetical target NPDCCH BLER in RLM is defined differently at 10% and 2% between the repetition level of Rmax and Rmax/4, the same BLER target of 1% at each NPDCCH repetition level in the channel quality reporting may leave a less margin in the SNR estimation accuracy between the similarly spaced repetition levels. Evaluation period in RLM can be as large as 4000ms (for out-of-sync with Rmax>64). However, the channel quality reporting may be based on much shorter evaluation period using only relatively recent measurement resources (e.g., SNR measurement from the NRS tones made available while receiving MSG2), given that the reported minimum NPDCCH repetition level is to be used for the subsequent downlink transmission scheduling.
Table 1. Comparison of radio link monitoring and channel quality reporting
	
	Radio Link Monitoring
	Channel Quality Reporting

	Target NPDCCH BLER
	2% for in-sync, 10% for out-of-sync
	1%

	Agg. Level
	2
	TBD

	Hypothetical NPDCCH Repetition Level
	Rmax/4 for in-sync, Rmax for out-of-sync
	Minimum three levels assuming 2-bit reporting. Actual level depends on the number of bits available for reporting in MSG3.

	Evaluation Period
	2000 (Rmax>64), 200ms (otherwise) for in-sync 
4000 (Rmax>64), 400ms (otherwise) for out-of-sync
	TBD



Observation 1. UE should estimate the SINR of the serving cell to be able to report the downlink channel quality, similar to RLM.
Observation 2. Using 1% hypothetical NPDCCH BLER target across all NPDCCH repetition levels in the channel quality reporting may leave a less margin in the SNR estimation accuracy than RLM.
Observation 3. SINR estimation for channel quality reporting could be based on a shorter evaluation period than RLM and using only the most recent measurement samples, e.g., NRS received during MSG2 decoding, since the reported minimum NPDCCH repetition level can be used in the immediately following downlink transmission.
Accuracy of Reported Channel Quality 
UE’s measurement accuracy of the reported channel quality can be verified by checking the actual repetition number that an NB-IoT UE reports at a given SNR/channel condition or checking the actual decoding performance of the subsequent MSG4 transmission that is configured based on the reported repetition level. It should be noted that defining a finer channel quality report mapping may not necessarily improve the accuracy/usefulness of the reported channel quality. Figure 1 shows the NPDCCH BLER performance for different NPDCCH repetition level in AWGN with 2Tx. It can be seen that the minimum SNRs to achieve 1% BLER target are spaced every 2 to 3dB for different repetition levels, which requires the SINR measurement accuracy of ±1~1.5dB to be able to reliably determine the appropriate minimum NPDCCH repetition levels between the two adjacent repetition levels. However, when the NB-IoT UE performs SINR measurement from NRS tones such accuracy may be hard to achieve. Table 1 shows the probability that the estimated SNR is within ±1 dB of the true SNR when a UE measures the SNR from the NRS tones in the NPDCCH subframes for MSG2. It can be seen that across different NPDCCH repetition levels, only 40-70% of the SNR measurement would satisfy the ±1 dB accuracy, hence UE would fail to reliably distinguish the appropriate repetition level among {R/2, R, 2R} for some given repetition level of R.
Observation 4. Accuracy of the reported downlink channel quality can be verified by checking the actual repetition number that an NB IoT UE reports at a given SNR/channel condition or by checking the actual decoding performance of the subsequent MSG4 transmission that is configured based on the reported repetition level.
Observation 5. Increasing the channel quality report mapping levels does not necessarily improve the accuracy/usefulness of the reported quantity due to the limited SNR measurement accuracy.
Possible early termination of the MSG2 also needs to be taken into account in determining the number of NRS subframe available to UE for the SINR estimation. Depending on the instantaneous SINR estimate, UE may decide to start decoding early without receiving the NPDCCH or NPDSCH until their full repetition length in order to save power. Therefore, when the network configures the repetition level of R for NPDCCH or NPDSCH, the actual SINR estimate that UE uses to generate the downlink channel quality could be based on substantially less number of NPDCCH/NPDSCH subframes than R.
Observation 6. Possible early termination of NPDCCH and/or NPDSCH decoding should be considered in determining the number of downlink subframes with NRS available to UE for SINR measurement.
Finally, the fact that UE reports the downlink channel quality in MSG3 means that UE was able to successfully decode the MSG2. Therefore, a more capable UE may be able to use the decoded NPDCCH/NPDSCH data tones to further improve the SINR estimate.
Observation 7. UE’s channel quality reporting in MSG3 is strictly conditioned on the successful decoding of MSG2. More capable UE may use the successfully decoded NPDCCH/NPDSCH data tones to further improve the SINR estimate.
[image: ]
Figure 1. NPDCCH BLER performance for different NPDCCH repetition levels in AWGN with 2Tx
Table 1. Percentile of SNR estimate within ±1dB of the configured SNR
	Configured SNR
	# of measured NRS subframes

	
	8
	16
	64

	-15
	18.9%
	25.9%
	39.2%

	-12
	23.9%
	33.9%
	60.9%

	-9
	29.8%
	42.2%
	70.8%

	-6
	35.9%
	48.0%
	70.3%

	-3
	40.5%
	50.8%
	66.9%

	0
	43.4%
	52.7%
	62.3%

	3
	44.3%
	51.3%
	55.6%



In general, RAN4 needs more details on the channel quality reporting from RAN1/RAN2, including the measurement resource, measurement duration, the number of the distinct channel quality levels, and their corresponding hypothetical NPDCCH repetition and aggregation levels, in order to make further progress. 
Observation 8. It needs more details of the channel quality reporting from RAN1/RAN2 in order for RAN4 to make further progress on the new requirement and test cases for the downlink channel quality metric.

Conclusion
In this contribution, we provided a comparison between the downlink channel quality with radio link monitoring, and further discussed various aspects that need to be considered in defining the accuracy of the reported downlink channel quality. Observations made in this paper are summarized as follows:
Observation 1. UE should estimate the SINR of the serving cell to be able to report the downlink channel quality, similar to RLM.
Observation 2. Using 1% hypothetical NPDCCH BLER target across all NPDCCH repetition levels in the channel quality reporting may leave a less margin in the SNR estimation accuracy than RLM.
Observation 3. SINR estimation for channel quality reporting could be based on a shorter evaluation period than RLM and using only the most recent measurement samples, e.g., NRS received during MSG2 decoding, since the reported minimum NPDCCH repetition level can be used in the immediately following downlink transmission.
Observation 4. Accuracy of the reported downlink channel quality can be verified by checking the actual repetition number that an NB IoT UE reports at a given SNR/channel condition or by checking the actual decoding performance of the subsequent MSG4 transmission that is configured based on the reported repetition level.
Observation 5. Increasing the channel quality report mapping levels does not necessarily improve the accuracy/usefulness of the reported quantity due to the limited SNR measurement accuracy.
Observation 6. Possible early termination of NPDCCH and/or NPDSCH decoding should be considered in determining the number of downlink subframes with NRS available to UE for SINR measurement.
[bookmark: _GoBack]Observation 7. UE’s channel quality reporting in MSG3 is strictly conditioned on the successful decoding of MSG2. More capable UE may use the successfully decoded NPDCCH/NPDSCH data tones to further improve the SINR estimate.
Observation 8. It needs more details of the channel quality reporting from RAN1/RAN2 in order for RAN4 to make further progress on the new requirement and test cases for the downlink channel quality metric.
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