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Introduction
Discussion of UE performance requirements for Rel-17 NB-IoT started in RAN4#101-bis-e [1, 2].
In this paper, we treat the following topics:
· Demodulation requirements for 16-QAM NPDSCH
· CQI test for 16-QAM
Demodulation requirements for 16-QAM NPDSCH
RAN4 has reached the following agreements shown below regarding the new test configuration for 16-QAM NPDSCH [2]. From the two options being considered for the new test, our preference aligns with option 1. The propagation condition and test metric are leveraged from existing demodulation tests for Cat NB2 with QPSK. The rest of the test configuration parameters in the below agreements also align closely with the existing Cat NB2 tests.
We do not think it is necessary to introduce a sustained data rate test for NB-IoT. 
Proposal 1: For testing demodulation performance of 16-QAM NPDSCH use the following
· Propagation condition: EPA5
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928bits and effective code rate 0.51
· Test metric: SNR at 70% of maximum DL throughput
· Duplex mode: HD-FDD
· Operation mode:  Standalone
· Antenna configuration: 1T1R
· Number of NRS ports: 1 NRS port
· NPDSCH repetition number: 1, i.e. no repetition
· NPDCCH repetition number: 1, i.e. no repetition
· Carrier Type: Non-anchor
· The ratio of EPRE of NPDSCH in symbols with and without NRS to NRS: 0dB

Based on the configuration in the above proposal, our initial simulation results are shown in Figure 1. The SNR shown in the plot does not include any impairment margin.
Observation 1: For the test conditions in Proposal 1, 70 % of maximum DL throughput is observed at SNR = 13.1 dB, not including any impairment margin.

Performance requirements to be defined
· Option 1: Introduce test cases to verify UE supporting 16QAM reception
· Propagation condition: EPA5
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928bits and effective code rate 0.51
· Other options are not precluded
· Test metric: 70% max TP for NPDSCH demodulation test for verification of 16QAM reception
· Option 2: Introduce new soft buffer test with 16QAM to verify UE supporting both 16QAM reception and maximum TBS as defined in new TBS table.
· Propagation condition: AWGN
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (21,7) which corresponds to TBS = 4968
· Other options are not precluded
· Test metric: 85% for SDR test with verification of 16QAM and max TBS

Duplex mode: Agree on HD-FDD and wait for RAN1 conclusion whether to consider TDD
Operation mode:  Standalone
Antenna configuration: 1T1R
Number of NRS ports: 1 NRS port
NPDSCH repetition number: 1, i.e. no repetition
NPDCCH repetition number: 1, i.e. no repetition
Carrier Type: Non-anchor
The ratio of EPRE of NPDSCH in symbols with and without NRS to NRS: 0dB
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[bookmark: _Ref95337261]Figure 1: Normalized throughput for 16-QAM NPDSCH
CQI test for 16-QAM
Regarding the CQI test, RAN4 reached the following agreements [2]:
Whether to introduce CQI test for Rel-17 NB-IOT
· Define CQI reporting requirements for Rel-17 NB-IOT UE in TS 36.101
· Capture the CQI table and measurement resource in RRM specification TS 36.133
Assumptions of UE behaviour on CQI measurement (If agreed)
Consider the following assumptions on CQI measurement resource as baseline and then capture them in TS 36.133 after RAN4 confirms it in next meeting: 
RAN4 assume the reported NPDSCH MCS and repetition shall be derived from the channel quality measured from the time UE finish the decode of Downlink Channel Quality report MAC CE to the end of NPDCCH carrying the uplink grant of channel quality report. Note UL transmission period and RF switching period is excluded from the measurement period.
· FFS a cap on the measurement duration should be considered, further discuss it in demodulation part.

RAN4 needs to agree on the test metric for the CQI test. The baseline proposal is that the UE should report CQI within 1 of the reported median CQI at least 90% of the time. We understand this may be common practice for NR but it may not be feasible for the narrow carrier bandwidth carrier of NB-IoT. 
RAN4 should evaluate the feasibility of the proposed metric. Specifically, whether SNR estimation accuracy is sufficient to meet the proposed CQI metric should be evaluated. Differential SNR in at 10% BLER in AWGN between adjacent entries of the new channel quality report mapping for 16-QAM is shown in Table 1. The delta SNR shown in each row was calculated relative to the previous row. It is seen that delta SNR between adjacent CQI values varies between ~0 dB and  3.8 dB. Consequently, the SNR accuracy required to meet the proposed test metric would vary significantly depending on the selected SNR test point. 
	Modulation
	TBS
	TBS for NSF = 1 (I_SF = 0)
	Delta_SNR (dB)

	QPSK
	4
	56
	N/A

	QPSK
	6
	88
	1.7

	QPSK
	8
	120
	1.3

	QPSK
	10
	144
	1.1

	QPSK
	12
	208
	2.4

	16QAM
	14
	256
	3.8

	16QAM
	16
	296
	~0

	16QAM
	18
	376
	2

	16QAM
	20
	440
	1.5

	16QAM
	21
	488
	1.1


[bookmark: _Ref95338621][bookmark: _Ref95338601]Table 1: Differential SNR at 10% BLER in AWGN for the 16-QAM channel quality report.


Proposal 2: RAN4 needs to study the feasibility of the proposed CQI test metric for 16-QAM. Specifically, whether SNR estimation accuracy is sufficient to meet the proposed CQI metric should be evaluated.
Observation 2: The SNR accuracy required to meet the proposed CQI test metric would vary significantly depending on the selected SNR test point.
Proposal 3: The measurement period definition may be revisited to ensure that SNR estimation accuracy is sufficient to meet the CQI requirement.
Conclusions
Proposal 1: For testing demodulation performance of 16-QAM NPDSCH use the following
· Propagation condition: EPA5
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928bits and effective code rate 0.51
· Test metric: SNR at 70% of maximum DL throughput
· Duplex mode: HD-FDD
· Operation mode:  Standalone
· Antenna configuration: 1T1R
· Number of NRS ports: 1 NRS port
· NPDSCH repetition number: 1, i.e. no repetition
· NPDCCH repetition number: 1, i.e. no repetition
· Carrier Type: Non-anchor
· The ratio of EPRE of NPDSCH in symbols with and without NRS to NRS: 0dB

Observation 1: For the test conditions in Proposal 1, 70 % of maximum DL throughput is observed at SNR = 13.1 dB, not including any impairment margin.
Proposal 2: RAN4 needs to study the feasibility of the proposed CQI test metric for 16-QAM. Specifically, whether SNR estimation accuracy is sufficient to meet the proposed CQI metric should be evaluated.
Observation 2: The SNR accuracy required to meet the proposed CQI test metric would vary significantly depending on the selected SNR test point.
Proposal 3: The measurement period definition may be revisited to ensure that SNR estimation accuracy is sufficient to meet the CQI requirement.
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