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Background
As per [1], in the last meeting, RAN 4 has agreed to define CQI requirements for Rel-17 NB-IOT. However, there are some open issues left such as CQI measurement definition and CQI test metric. In this paper, we provide our analysis and initial simulation results. 
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CQI measurement resources
One open issue is CQI measurement resources, in the last two meetings, following initial agreement was reached:
	Specify the following CQI measurement resource in TS36.133:
The reported value shall be derived from the channel quality measured from the time [UE finishes the decoding of Downlink Channel Quality report MAC CE] to [the end of NPDCCH period with carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier].



The main concern from some companies is that UE may report outdated CQI value if no cap is defined for CQI measurement duration. However, based on our understanding, it is really hard to define a cap for CQI measurement duration since it depends on the speed of channel variation which may be hard to decide without any prior information. Moreover, NB-IOT UE works on static or low velocity environment in most time which means it is less possibility that UE report outdated CQI value. From the other side, the measurement resources can be flexibly configured by BS since NPDCCH carrying uplink grant of channel quality report for measurement can be dynamically scheduled in any time according to the channel variation, so the interval between measurement and reporting can be controlled by network if network wants to get accurate measurement results. 
Proposal 1: Don’t add any limitation on CQI measurement 
CQI measurement accuracy 
One import issue is CQI measurement accuracy in standalone deployment, since only one RB is allocated for NB-IOT, there are only 8 REs allocated for 1 port NRS transmission can be used for CQI measurement which may bring high inaccuracy. In table 2-1 we provide the reported CQI value distribution based on averaged results within 1~4 subframes with SNR range from 7dB to 13dB. 
Table 2-1: Simulation results for CQI distribution
	SNR
	Median report value
	Prob(Report value <Median report value+1 and report value >Median report value-1)

	
	
	Averaged results within 1 subframe 
	Averaged results within 2 subframes
	Averaged results within 3 subframes
	Averaged results within 4 subframes

	7
	candidateRep-J
	88.9%
	96.8%
	99.1%
	99.8%

	8
	candidateRep-K
	87.9%
	96.7%
	99.0%
	99.6%

	9
	candidateRep-K
	75.3%
	85.8%
	90.1%
	94.0%

	10
	candidateRep-L
	76.8%
	89.7%
	94.9%
	97.0%

	11
	candidateRep-M
	73.5%
	88.7%
	95.1%
	97.5%

	12
	candidateRep-N
	90.3%
	95.8%
	98.5%
	99.2%

	13
	candidateRep-O
	85.8%
	91.9%
	95.6%
	97.6%



We can observe that for CQI measurement within 1 subframe, there is only about 73.5% ~77% of probability that median CQI fall in the range from median CQI-1 to median CQI +1. That means CQI measurement results acquired by using such less reference signals is inaccurate and in the fading channel, the inaccuracy will be increased since the post SINR estimation error is increased due to the deep channel fading. Considering NPDSCH can be scheduled with 1 subframe or 2 subframes in real network that maybe results in bad performance, we propose to add the following clarification in the core specification:
The NPDSCH containing Downlink Channel Quality report MAC CE should be scheduled at least more than [4] subframes to guarantee the accuracy of CQI measurement.
Observation 1: Due to the few number of NRS, the CQI calculation result for standalone deployment with 1 NRS port within one or two subframe is inaccurate, especially for fading channel.
Proposal 2: Add the following clarification in the core specification:
· For standalone deployment, the NPDSCH containing Downlink Channel Quality report MAC CE should be scheduled at least more than [4] subframes to guarantee the accuracy of CQI measurement.
Test metric
It has been agreed the baseline test metric is reused from LTE eMTC which has been captured as follows:
	· Option 1: 
· The reported candidateRep value shall be in the range of +/- 1 of the reported median more than 90% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.
· Option 2:
· The reported candidateRep value shall be in the range of +/- X of the reported median more than Y% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.




However, the test metric depends on the number of scheduled subframes as analysed in issue on CQI measurement accuracy that is not specifiedin [1].  Based on our understanding, BS can always schedule appropriate number of subframes to guarantee the CQI performance. According to the simulation results in table 1, for the RAN 4 test design, we propose to set the number of scheduled subframes to 4.
The simulation results when scheduled number of scheduled subframes equals to 4 are captured in Table 2-2:
Table 2-2: Simulation results 	CQI requirements when NSF=4
	SNR
	Median report value
	Prob(Report value <Median report value+1 and report value >Median report value-1)
	BLER of median report value
	BLER of median report value+1
	BLER of median report value-1

	7
	candidateRep-J
	99.8%
	           0.1%
	25%
	/

	8
	candidateRep-K
	99.6%
	6%
	47%
	/

	9
	candidateRep-K
	94.0%
	1.1%
	15.6%
	/

	10
	candidateRep-L
	97.0%
	2.9%
	16.2%
	/

	11
	candidateRep-M
	97.5%
	2.6%
	25.4%
	/

	12
	candidateRep-N
	99.2%
	4.8%
	36.4%
	/

	13
	candidateRep-O
	97.6%
	7.6%
	/
	/



As for SNR point, we have agreed to select SNR which makes median report value corresponding to 16QAM. According to the simulation results in table 2-2.  SNR from 8 dB to 12 dB are OK for us. We slightly prefer 10dB. As for value of X and Y, we think X=1 and Y=90 are reasonable values to guarantee the CQI reporting accuracy that is same as the existing CQ test. Any value X>1 and Y<90% is meaningless since the accuracy will not be guaranteed.

Proposal 3: Define the CQI requirements with following assumptions and test metric:
· Nsf=4
· SNR=10dB
· Test metric:
· The reported candidateRep value shall be in the range of +/- 1 of the reported median more than 90% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.
Conclusion
In this paper, we provide our analysis and initial simulation results for NB-IOT CQI requirements, the observations and proposals are:
Proposal 1: Don’t add any limitation on CQI measurement 
Observation 1: Due to the few number of NRS, the CQI calculation result for standalone deployment with 1 NRS port within one or two subframe is inaccurate, especially for fading channel.
Proposal 2: Add the following clarification in the core specification:
· For standalone deployment, the NPDSCH containing Downlink Channel Quality report MAC CE should be scheduled at least more than [4] subframes to guarantee the accuracy of CQI measurement.
Proposal 3: Define the CQI requirements with following assumptions and test metric:
· Nsf=4
· SNR=10dB
· Test metric:
· The reported candidateRep value shall be in the range of +/- 1 of the reported median more than 90% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.
Reference
[bookmark: _GoBack][1]   R4-2207200 Way forward for performance requirements of Rel-17 NB-IOT, Huawei, HiSilicon.

