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1	Introduction
RAN4#102-e agreed with the way forward on UE demodulation requirements for Rel-17 NB-IoT [1], where RAN4 agreed to define NPDSCH demodulation requirements with 16QAM and CQI reporting requirements. This contribution discusses the open issues on the UE demodulation requirements. 
2	NPDSCH demodulation requirements
The remaining open issue for NPDSCH demodulation requirements is the TBS for the requirements.
	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



Figure 1 shows our simulation results for NPDSCH with two options and Table 1 summarizes the SNR values to achieve 70% of the maximum throughput. As expected, it is observed the TBS=4968bits requires higher SNR compared with TBS=1928bits (18dB vs 12.9dB). 
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[bookmark: _Ref100584033]Figure 1	NPDSCH simulation results.

[bookmark: _Ref100584040]Table 1	SNR values to achieve 70% of the maximum throughput. 
	
	Option 1: (ITBS, ISF) = (16, 5)
	Option 2: (ITBS, ISF) = (21, 7)

	SNR to achieve 70% of maximum throughput
	12.9dB
	18.0dB



Although both the required SNR levels are feasible from the UE demodulation requirement point of view even if we consider the impairment margin, we prefer to set TBS=1928bits. One reason is the required SNR is reasonable compared with TBS=4968bits requiring very high SNR levels compared with the existing NB-IoT and LTE-MTC UE demodulation requirements. Another reason is the TBS=1928 requires less test time because of smaller ISF. Since we believe both the configurations can verify UE demodulation performance for NPDSCH with 16QAM, we propose to define NPDSCH requirements with TBS=1928bits. 
Proposal 1: RAN4 define NPDSCH demodulation requirements with 16QAM with (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928 bits. 
3	CQI reporting requirements
The remaining open issue for CQI reporting test is the test metric. 
	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%.



Figure 2 (a) shows the median of reported CQI in the static condition and Figure 2 (b) shows the NPDSCH BLER with fixed CQI index. According to the way forward, RAN4 will define the requirements for SNR corresponding to candidates K to N. From our simulation results the candidate SNR test point range is 9dB to 15dB. 
Observation 1: Candidate SNR test points are between 9dB and 15dB for NB-IoT CQI reporting tests with 16QAM. 
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	(a) Reported median CQI index (CQI10: Candidate-J, CQI11: Candidate-K, CQI12: Candidate-L, CQI13: Candidate-M, CQI14: Candidate-N, CQI15: Candidate-O). 
	(b) NPDSCH BLER for fixed CQI index. 


[bookmark: _Ref100591210]Figure 2	Reported median CQI index and NPDSCH BLER for fixed CQI index. 

Figure 3 shows the CDF of the estimated SINR with 1 NRS ports in static condition, where we choose SNR=12dB for evaluation according to our observation. As we discussed in RAN4#102-e, the available NRS symbols are 8 per subframe in the case of 1 NRS port. We have also studied the measurement improvement with the number of subframes used for CQI estimation. Figure 3 also shows the CDF with 3, 5, 7 and 9 subframes in addition to 1 subframe assumption. 
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[bookmark: _Ref100591714]Figure 3	CDF of estimated SINR [dB] with 1 NRS ports at SNR=12dB in AWGN. 
It is observed from the simulation results that the measurement accuracy is +/-4dB with 1 subframe measurement if we consider 5%/95%-ile. With the measurement with 3 subframes, the accuracy is improved to +/-2dB. The existing CQI reporting requirements in static condition requires to report {median CQI, median CQI+1 and median CQI-1} with 90% of the time. However if UE estimates CQI only with 1 subframe, we think it is difficult to satisfy the requirements.
Observation 2: UE may not satisfy the requirements to report {median CQI, median CQI-1, median CQI+1} with 90% of the time with the measurement of 1 subframe. 
We therefore propose to consider following options:
Option 1: Relax the Y, e.g., 70%. 
Option 2: Assume multiple subframes to estimate CQI. 
We prefer to combine both options, that is, set slight relaxed Y (e.g., 85%) with the assumption of multiple subframes (e.g., 3 subframes). 
Proposal 2: Set X=1, Y=85% for the metric of CQI reporting test for NB-IoT. The test setup ensures UE can measure at least 3 NB-IoT DL subframes from the time UE finishes the decoding of Downlink Channel Quality report MAC CE to the end of NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier, but it is up to UE how many subframes are used for CQI estimation. 
4	Summary
Proposal 1: RAN4 define NPDSCH demodulation requirements with 16QAM with (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928 bits. 
Observation 1: Candidate SNR test points are between 9dB and 15dB for NB-IoT CQI reporting tests with 16QAM. 
Observation 2: UE may not satisfy the requirements to report {median CQI, median CQI-1, median CQI+1} with 90% of the time with the measurement of 1 subframe. 
Proposal 2: Set X=1, Y=85% for the metric of CQI reporting test for NB-IoT. The test setup ensures UE can measure at least 3 NB-IoT DL subframes from the time UE finishes the decoding of Downlink Channel Quality report MAC CE to the end of NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier, but it is up to UE how many subframes are used for CQI estimation. 
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Appendix
A.1	TBS table for NPDSCH with 16QAM
[bookmark: _Ref89780858]Table 2	TBS table applicable for NPDSCH with 16QAM.
	
	ISF
	
	

	ITBS
	0
	1
	2
	3
	4
	5
	6
	7
	NPSDCH with 16QAM

	0
	16
	32
	56
	88
	120
	152
	208
	256
	
	

	1
	24
	56
	88
	144
	176
	208
	256
	344
	
	

	2
	32
	72
	144
	176
	208
	256
	328
	424
	
	

	3
	40
	104
	176
	208
	256
	328
	440
	568
	
	

	4
	56
	120
	208
	256
	328
	408
	552
	680
	
	

	5
	72
	144
	224
	328
	424
	504
	680
	872
	
	

	6
	88
	176
	256
	392
	504
	600
	808
	1032
	
	

	7
	104
	224
	328
	472
	584
	680
	968
	1224
	
	

	8
	120
	256
	392
	536
	680
	808
	1096
	1352
	
	

	9
	136
	296
	456
	616
	776
	936
	1256
	1544
	
	

	10
	144
	328
	504
	680
	872
	1032
	1384
	1736
	
	

	11
	176
	376
	584
	776
	1000
	1192
	1608
	2024
	IB
	

	12
	208
	440
	680
	904
	1128
	1352
	1800
	2280
	IB
	

	13
	224
	488
	744
	1032
	1256
	1544
	2024
	2536
	IB
	

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856
	IB
	GB/SA

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112
	IB
	GB/SA

	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240
	IB
	GB/SA

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624
	IB
	GB/SA

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008
	
	GB/SA

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264
	
	GB/SA

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584
	
	GB/SA

	21
	488
	1000
	1480
	1992
	2472
	2984
	4008
	4968
	
	GB/SA



A.2	CQI table for NB-IoT supporting 16QAM
[bookmark: _Ref89782340]Table 3	CQI table for NB-IoT supporting 16QAM (TS36.133 Table 9.1.22.17)
	
	
	NPDCCH repetition level
	NPDSCH transport block

	
	Reported value
	
	Modulation
	Code rate 
(x 1024)
	Repetition
	Efficiency

	0
	noMeasurement
	No measurement reporting
	
	
	
	

	1
	candidateRep-A
	1
	QPSK
	221
	1
	0.4316

	2
	candidateRep-B
	2
	QPSK 
	140
	1
	0.2737

	3
	candidateRep-C
	4
	QPSK 
	81
	1
	0.1579

	4
	candidateRep-D
	8
	QPSK
	81
	2
	0.0789

	5
	candidateRep-E
	16
	QPSK 
	81
	4
	0.0395

	6
	candidateRep-F
	32
	QPSK
	81
	8
	0.0198

	7
	candidateRep-G
	1
	QPSK
	336.8
	1
	0.6579

	8
	candidateRep-H
	1
	QPSK
	453.6
	1
	0.886

	9
	candidateRep-I
	1
	QPSK
	579.4
	1
	1.1316

	10
	candidateRep-J
	1
	QPSK
	759
	1
	1.4825

	11
	candidateRep-K
	1
	16QAM
	487.3
	1
	1.9035

	12
	candidateRep-L
	1
	16QAM
	541.2
	1
	2.114

	13
	candidateRep-M
	1
	16QAM
	658
	1
	2.5702

	14
	candidateRep-N
	1
	16QAM
	783.7
	1
	3.0614

	15
	candidateRep-O
	1
	16QAM
	837.6
	1
	3.2719
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