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1.	Introduction
[bookmark: _Hlk67504958]The work item for additional enhancements for NB-IoT and LTE-MTC was approved at TSG RAN#88-e [1]. One of the objectives of this work item is to support 16QAM in NB-IoT unicast in UL and DL. BS RF requirements for support of 16QAM in NB-IoT were further discussed at TSG RAN4#99-e, but no conclusion was made.
This contribution provides further proposals on BS RF requirements for the support of 16-QAM in NB-IoT unicast in UL and DL according to the approved WF at TSG RAN4#98-bis-e [2] and the agreements in RAN1 [3].

2.	Discussion
2.1	NB-IoT RB power dynamic range for in-band or guard band operation or NB-IoT operation in NR in-band
It is stated in [2]:
· NB-IoT RB power dynamic range for in-band or guard band operation or NB-IoT operation in NR in-band
· RAN4 will decide whether to use the same QPSK requirements for 16QAM.
To enhance NB-IoT coverage, the +6 dB power dynamic range is currently required for one NB-IoT QPSK RB for both E-UTRA in-band and guard band operation modes, except for guard band operation with E-UTRA 5 MHz channel bandwidth signal where BS manufacturer shall declare the NB-IoT dynamic range power it could support (as specified in TS 36.104 [4]). For NB-IoT operation in NR in-band, the +6 or +3 dB power dynamic range is currently required for one NB-IoT QPSK RB depending on the NB-IoT RB frequency position within the BS channel bandwidth, as shown in table 1 below (copied from Table 6.3.4.2-1 in TS 38.104 [5]).
Table 1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Within center 90% of BS channel bandwidth
	+6

	
	Other
	+3



Considering NB-IoT coverage remains important for 16QAM, it is proposed to apply the NB-IoT RB current power dynamic range for QPSK RB transmission in NB-IoT to 16QAM RB for in-band or guard band operation or NB-IoT operation in NR in-band.
There was convergence on this proposal in discussion at TSG RAN4#99-e, the open issue is whether changes to the specs are needed to define NB-IoT RB power dynamic range for 16QAM and whether new test cases are needed. This issue is related to whether max power back off (subject to vendor’s declaration) is allowed for 16QAM. The power back off for 16QAM, if allowed, should be considered in clauses 6.1.5 and 6.1.6 of TS 36.141 [6], where currently only Prated,c is used. We do not see a need to allow power back-off for 16QAM support, as the network coverage needs to be maintained compared to that using QPSK. Therefore, we see there is no need for changes to the specifications nor new test cases to define NB-IoT RB power dynamic range for 16QAM.
Proposal 1: The current NB-IoT RB power dynamic range for QPSK RB transmission in NB-IoT should apply to 16QAM RB for in-band or guard band operation or NB-IoT operation in NR in-band. There is no need for changes to the specifications nor new test cases to define NB-IoT RB power dynamic range for 16QAM.

2.2	Error Vector Magnitude
It is stated in [2]:
· EVM limit for 16QAM DL
· RAN4 will decide whether to define 12.5% as the limit
The EVM limit is currently specified in [4] as 17.5% for NB-IoT QPSK transmission, which is the same as for E-UTRA QPSK transmission. Considering 16QAM has a higher target SNR than QPSK, it is proposed to specify a tighter EVM limit of 12.5% for NB-IoT 16QAM transmission, which is the same as for E-UTRA 16QAM transmission.
There was no concern raised in discussion at TSG RAN4#99-e to specify 12.5% as the EVM limit for NB-IoT 16QAM transmission, the open issue is again related to whether max power back off (subject to vendor’s declaration) is allowed for 16QAM. As aforementioned, we do not see a need to allow power back-off for 16QAM support, the network coverage needs to be maintained compared to that using QPSK. To progress the work, proponent of a different EVM requirement should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.
Proposal 2: An EVM limit of 12.5% should be specified for NB-IoT 16QAM transmission. Proponent of a different EVM requirement should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.

2.3	Fixed Reference Channels for Receiver Dynamic Range
It is stated in [2]:
· 16QAM FRC for BS Rx Characteristics
· RAN4 will decide whether new 16QAM FRC is needed for NB-IoT BS RF tests. 
For E-UTRA, uplink FRCs using 16QAM are used for the receiver dynamic range requirement [4] because the higher required SNR comparing to QPSK would present a more stringent condition for the receiver dynamic range. Moreover, as recorded in TR 36.804 [7], for E-UTRA this requirement measures the effects of receiver impairments such as receiver EVM, and in order to make the test sensitive to receiver EVM impairments, the wanted signal is a 16QAM signal. Therefore, new uplink FRC using 16QAM would need to be defined for receiver dynamic range requirement of NB-IoT BS supporting 16QAM to ensure satisfactory BS performance.
The UL TBS agreed in RAN1 for 16QAM in NB-IoT uplink is provided in table 2 below.
Table 2: 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, it is proposed to define at least one of the new uplink FRCs for 16QAM as shown in table 3 below.
Table 3: FRC parameters for 16QAM in NB-IoT uplink
	Reference channel
	Ax-y
	Ax-y
	Ax-y

	Sub carrier spacing (kHz)
	15
	15
	15

	Number of tones
	3
	6
	12

	Modulation
	16-QAM
	16-QAM
	16-QAM

	Diversity
	No
	No
	No

	Frequency offset
	0
	0
	0

	I_TBS / I_RU
	19 / 3
	19 / 3
	19 / 3

	Payload size (bits) 
	1736
	1736
	1736

	Allocated resource units
	4
	4
	4

	Transport block CRC (bits) 
	24
	24
	24

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

	Coding Rate
	0.76
	0.76
	0.76

	Code block CRC size (bits)
	0
	0
	0

	Number of code blocks – C
	1
	1
	1

	Total symbols per resource unit
	144
	144
	144

	Total number of bits per resource unit
	576
	576
	576

	Tx time (ms)
	16
	8
	4

	Frequency offset
	0
	0
	0

	Channel estimation length (ms) Note 1
	12
	8
	4

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


 
Proposal 3: To define at least one of the new uplink FRC for 16QAM as shown in table 3 above.
Preliminary link-level simulation has been performed using the FRC parameters in table 3 above, and the simulation results for the SNIR required at 70% and 95% of maximum throughput are provided in Figure 1 below. It can be seen from the figure that the required SNIR are quite closed for the different number of tones.
[image: ]
(a) 3 tones

[image: ]
(b) 6 tones

[image: ]
(c) 12 tones
Figure 1: SNIR required at 70% and 95% of maximum throughput for 16QAM in NB-IoT uplink

3.	Conclusion
This contribution has provided further proposals on BS RF requirements for the support of 16-QAM in NB-IoT unicast in UL and DL according to the approved WF and the agreements in RAN1. They are summarized as follows.
Proposal 1: The current NB-IoT RB power dynamic range for QPSK RB transmission in NB-IoT should apply to 16QAM RB for in-band or guard band operation or NB-IoT operation in NR in-band. There is no need for changes to the specifications nor new test cases to define NB-IoT RB power dynamic range for 16QAM.
Proposal 2: An EVM limit of 12.5% should be specified for NB-IoT 16QAM transmission. Proponent of a different EVM requirement should provide technical justifications (e.g., preliminary simulation results) in next RAN4 meeting.
Proposal 3: To define at least one of the new uplink FRC for 16QAM as shown in table 3 above.
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