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Introduction
Discussion of UE performance requirements for Rel-17 NB-IoT continued in RAN4#102-e [1].
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 reached the agreements shown below regarding the performance requirements for 16-QAM NPDSCH [1].
Performance requirements to be defined
Introduce NPDSCH demodulation test with 16QAM, with:
· Propagation condition: EPA5
· Test metric: 70% max TP

TBS:
Option 1: Use (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928bits and effective code rate 0.51
Option 2: Use (ITBS, ISF) = (21, 7) which corresponds to TBS = 4968bits and effective code rate 0.78

Duplex mode for NPDSCH performance with 16QAM
-	Introduce NPDSCH demodulation test with 16QAM for HD-FDD and TDD

Whether the Rel-17 NB-IOT requirements are applicable for TDD:
· Yes

Two different TBS are being considered for the 16-QAM demodulation test, as shown above. The rest of the test configuration parameters have been previously agreed [1, 2].
We have run simulations for both TBS options using the agreed test configurations in [1]. Figure 1 and Figure 2 show the normalized throughput curves for options 1 and 2, respectively. The SNR shown in the plots does not include any impairment margin.
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[bookmark: _Ref95337261]Figure 1: Normalized throughput for 16-QAM NPDSCH with (ITBS, ISF) = (16, 5).

[image: cid:image002.png@01D82707.49233C90]
[bookmark: _Ref101470360]Figure 2: Normalized throughput for 16-QAM NPDSCH for (ITBS, ISF)  = (21, 7).

Observation 1: For the test conditions agreed in RAN4#101-bis-e and RAN4#102-e, with (ITBS, ISF) = (16, 5), 70 % of maximum DL throughput is observed at SNR = 13.1 dB, not including any impairment margin.
Observation 2: For the test conditions agreed in RAN4#101-bis-e and RAN4#102-e, with (ITBS, ISF) = (21, 7), 70 % of maximum DL throughput is observed at SNR = 17.2 dB, not including any impairment margin.
CQI test for 16-QAM
Regarding the test metric for the CQI test, based on the discussion in the previous meeting, RAN4 is considering two options [1]:
Test metric for CQI test
· 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.

· X is FFS and is derived based on the simulation results. Baseline: X=1
· Y is FFS and is derived based on the simulation results. Baseline: Y=90%.
· 

Option 1 above is a baseline proposal that is commonly used for CQI testing in AWGN for NR UEs. Option 2 two is a parameterized generalization of option 1, where a CQI range of ±X around the mean CQI and an associated cumulative probability Y% for the median CQI±X range can be specified.
There were questions about whether option 1 would be feasible for the narrow carrier bandwidth of NB-IoT. To determine feasibility, we evaluated via simulations the SNR estimation accuracy in the range of nominal SNR values corresponding to entries in the new channel quality report mapping for 16-QAM. The results are shown in Table 1. The last column in the table shows the 90% probability interval of the SNR estimate centered around the nominal SNR corresponding to each row. For comparison, the penultimate column shows the SNR interval in which the UE would report CQI±1 around each row. It can be seen that the 90% probability interval is smaller than the CQI±1 SNR interval. Since the CQI CQI±1 interval is larger than the 90% probability interval, we conclude that option 1 is feasible for defining the CQI test metric. However, we propose to modify the wording to say “at least 90%.”
[bookmark: _Ref95338621][bookmark: _Ref95338601]
	Modulation
	TBS
	TBS for NSF = 1 (I_SF = 0)
	Delta_SNR (dB)
	CQI±1 SNR interval (dB)
	90% SNR interval (dB)

	QPSK
	4
	56
	N/A
	N/A
	~1.1

	QPSK
	6
	88
	1.7
	4.1
	~1.4

	QPSK
	8
	120
	1.3
	4.8
	~1.6

	QPSK
	10
	144
	1.1
	7.3
	~1.6

	QPSK
	12
	208
	2.4
	6.2
	~1.6

	16QAM
	14
	256
	3.8
	5.4
	~1.6

	16QAM
	16
	296
	~0
	3.1
	~1.8

	16QAM
	18
	376
	1.6
	4.2
	~1.8

	16QAM
	20
	440
	1.5
	> 2.6
	~1.9

	16QAM
	21
	488
	1.1
	N/A
	~2.0


[bookmark: _Ref101472983][bookmark: _Ref101472941]Table 1: AWGN SNR statistics for the 16-QAM channel quality report. See text for explanation.

[bookmark: _GoBack]Proposal 1: Test metric for CQI test in AWGN (with the agreed assumptions in [1])
· The reported candidateRep value shall be in the range of +/- 1 of the reported median at least 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.

Regarding the SNR test point for the CQI test, RAN4 reached the agreement below [1].
SNR test point for CQI test
RAN4 sets SNR test point for NB-IoT CQI reporting test so that the reported value corresponds to 16QAM, i.e, candidateRep-K to candidateRep-O.

Proposal 2: The SNR test point for the NB-IoT CQI reporting test should be 10.6 dB plus TBD impairment margin.
Conclusions
Observation 1: For the test conditions agreed in RAN4#101-bis-e and RAN4#102-e, with (ITBS, ISF) = (16, 5), 70 % of maximum DL throughput is observed at SNR = 13.1 dB, not including any impairment margin.
Observation 2: For the test conditions agreed in RAN4#101-bis-e and RAN4#102-e, with (ITBS, ISF) = (21, 7), 70 % of maximum DL throughput is observed at SNR = 17.2 dB, not including any impairment margin.
Proposal 1: Test metric for CQI test in AWGN (with the agreed assumptions in [1])
· The reported candidateRep value shall be in the range of +/- 1 of the reported median at least 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.
Proposal 2: The SNR test point for the NB-IoT CQI reporting test should be 10.6 dB plus TBD impairment margin.
References
[1] R4-2207200, Way forward for performance requirements of Rel-17 NB-IOT and eMTC, RAN4#102-e.
[2] R4-2203041, Way forward for performance requirements of Rel-17 NB-IOT and eMTC, RAN4#101-bis-e


8

4

image1.png
SNR (dB)




image2.png
@ ~ © o <

(sdaw) indybnouy abesary.

02

12 14 16 18 20 22 24 26 28 30
SNR (dB)

10




