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Introduction
The Rel-17 work item for additional enhancements for NB-IoT and LTE-MTC was approved at TSG RAN#88-e with latest WID revision [1]. At RAN4 #101bis-e, the technical discussion on demodulation requirements for this WI was started. The WID1 [1] lists following objective for NB-IoT involving RAN4 effort:
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 
· Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements.


Based on RAN4 #101bis-e discussions [2] and the approved WF [3], this contribution provides our view on BS demodulation requirements for NB-IoT 16QAM. 
Discussion
Regarding BS demodulation requirements, requirements for NPUSCH format 1 need to be defined as agreed at RAN4 #101bis-e [3]. 
Proposed new FRCs
The UL TBS agreed in RAN1 for 16QAM in NB-IoT uplink is provided in Table 1 below.
Table 1: TBS indices are introduced for 16QAM in NB-IoT uplink
	I_TBS
	I_RU

	
	0
	1
	2
	3
	4
	5
	6
	7

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	

	16
	328
	632
	968
	1288
	1608
	1928
	2536
	

	17
	336
	696
	1064
	1416
	1800
	2152
	
	

	18
	376
	776
	1160
	1544
	1992
	2344
	
	

	19
	408
	840
	1288
	1736
	2152
	2536
	
	

	20
	440
	904
	1384
	1864
	2344
	
	
	

	21
	488
	1000
	1480
	1992
	2536
	
	
	



It has also been agreed in RAN1 that repetition is not used for 16QAM in NB-IoT uplink, where it can be used for 3, 6 and 12 subcarriers NPUSCH format 1. Note that 16QAM cannot be used for 1 subcarrier NPUSCH format 1. Considering the agreements in RAN1, and to ensure satisfactory BS receiver performance with 3, 6 and 12 subcarriers for 16QAM in NB-IoT uplink, as specified for QPSK, Nokia proposal [4] is to define the following three new uplink FRCs for 16QAM for the BS demodulation requirements as shown in Table 2 below, which also includes proposals made by Ericsson [5] and Huawei [6].
Table 2: Proposed new FRCs for 16QAM in NB-IoT uplink
	Reference channel
	Nokia
A16-x [4]
	Nokia
A16-y [4]
	Nokia
A16-z [4]
	Ericsson
[5]
	Huawei
[6]

	Sub carrier spacing (kHz)
	15
	15
	15
	15
	15

	Number of tones
	3
	6
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Diversity
	No
	No
	No
	No
	No

	Frequency offset
	0
	0
	0
	0
	0

	I_TBS / I_RU
	19 / 3
	19 / 3
	19 / 3
	15 / 0
	14 / 0

	Payload size (bits) 
	1736
	1736
	1736
	280
	256

	Allocated resource units
	4
	4
	4
	1
	1

	Transport block CRC (bits) 
	24
	24
	24
	24
	24

	Coding rate (target)
	3/4
	3/4
	3/4
	1/2
	1/2

	Coding Rate (effective)
	0.76
	0.76
	0.76
	0.53
	0.49

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks – C
	1
	1
	1
	1
	1

	Total symbols per resource unit
	144
	144
	144
	144
	144

	Total number of bits per resource unit
	576
	576
	576
	576
	576

	Tx time (ms)
	16
	8
	4
	1
	1

	Timing error (us)
	0
	0
	0
	0
	0

	Channel estimation length (ms) Note 1
	12
	8
	4
	1
	1

	Propagation channel 
	ETU 1Hz Low
	ETU 1Hz Low
	ETU 1Hz Low
	ETU 1Hz Low
	ETU 1Hz Low

	Antenna configuration
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R

	Performance metric
	SNR @70% of maximum TP
	SNR @70% of maximum TP
	SNR @70% of maximum TP
	SNR @70% of maximum TP
	SNR @70% of maximum TP

	Note 1:   Channel estimation lengths are included in the table for information only.


Simulation Results
Link-level simulations have been performed using the parameters of the proposed new FRCs in Table 2 as proposed by Nokia [4], Ericsson [5] and Huawei [6]. Simulation results for SNR required at 70% of maximum throughput are provided in Figure 1 below for all proposals, and the required SNR figures are summarized in Table 3.
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(a) Nokia A16-x, 3 tones
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(b) Nokia A16-y, 6 tones
[image: ]
(c) Nokia A16-z, 12 tones
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(d) Ericsson [4], 12 tones
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(e) Huawei [5], 12 tones
Figure 1: SNR required at 70% of maximum throughput for 16QAM in NB-IoT uplink

Table 3: SNR at 70% of maximum TP of proposed new FRCs for 16QAM in NB-IoT uplink
	Reference channel
	Nokia
A16-x [4]
	Nokia
A16-y [4]
	Nokia
A16-z [4]
	Ericsson
[5]
	Huawei
[6]

	SNR [dB]
	10.79
	10.96
	11.05
	7.49
	6.80


It can be seen from Table 3 for the Nokia proposal, that the required SNR figures, as observed in the simulations, are quite close, around 11 dB, for the different number of tones. 
For Ericsson and Huawei proposals, the required SNR for 12 tones is observed to be lower by about 3.5 to 4.25 dB versus the Nokia proposal, due to lower code rate used for the shorter payload sizes 280 bits [5] and 256 bits [6] (1/2 versus 3/4 for Nokia proposal). We acknowledge that this setup will be beneficial for performance testing, as less sensitive to any external interference source. We have a preference to use a payload size of 280 bits versus 256 bits, since better corresponding to the expected higher SNR operating point for NB-IoT 16-QAM. Thus, we support the proposal in [5] for 12 subcarriers being extended to 3 and 6 subcarriers. It is estimated that a similar SNR is required for 3 or 6 subcarriers as for 12 subcarriers, as observed for the longer payload of 1736 bits.
The following proposal is made.
	To define new uplink FRCs for 16QAM NPUSCH format 1 demodulation requirements in TS 36.104, based on payload size proposal of 280 bits, for 3, 6 and 12 subcarriers.
Conclusion
This contribution has provided our view on BS demodulation core requirements for NB-IoT 16QAM.
The following proposal is submitted for discussion: 
1. 	To define new uplink FRCs for 16QAM NPUSCH format 1 demodulation requirements in TS 36.104, based on payload size proposal of 280 bits, for 3, 6 and 12 subcarriers.
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