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1	Introduction
In RAN4#98bis-e, three issues in RF requirements are identified in support of 16QAM for NB-IoT downlink, i.e. RB power dynamic range, EVM and 16QAM FRC [1]. In the following we further discuss how these requirements should be defined.
2	Discussion
In 3GPP E-UTRA BS specification [2] the requirements for NB-IoT RB power dynamic range is defined as follows.[bookmark: _Toc20997753][bookmark: _Toc29478432][bookmark: _Toc35933030][bookmark: _Toc35935318][bookmark: _Toc37162902][bookmark: _Toc37173230][bookmark: _Toc37173482][bookmark: _Toc44754038][bookmark: _Toc45825466][bookmark: _Toc45825718][bookmark: _Toc45825970][bookmark: _Toc45826222][bookmark: _Toc52466388][bookmark: _Toc66871435][bookmark: _Toc66871939]6.3.3	NB-IoT RB power dynamic range for in-band or guard band operation
The NB-IoT RB power dynamic range (or NB-IoT power boosting) for guard band operation is the difference between the power of NB-IoT RB (which occupies 180kHz in guard band of an E-UTRA carrier) and the average power over all RBs (from both NB-IoT and the E-UTRA carrier containing the NB-IoT RB).
The NB-IoT RB power dynamic range (or NB-IoT power boosting) for in-band operation is the difference between the average power of NB-IoT REs (which occupy certain REs in a RB of an E-UTRA carrier) and the average power over all REs (from both NB-IoT and the E-UTRA carrier containing the NB-IoT REs).
[bookmark: _Toc20997754][bookmark: _Toc29478433][bookmark: _Toc35933031][bookmark: _Toc35935319][bookmark: _Toc37162903][bookmark: _Toc37173231][bookmark: _Toc37173483][bookmark: _Toc44754039][bookmark: _Toc45825467][bookmark: _Toc45825719][bookmark: _Toc45825971][bookmark: _Toc45826223][bookmark: _Toc52466389][bookmark: _Toc66871436][bookmark: _Toc66871940]6.3.3.1	Minimum Requirement
NB-IoT power dynamic range shall be larger than or equal to +6dB, 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. (in this version of the specification).
The +6 dB power dynamic range is only required for one NB-IoT RB for both in-band and guard band operation modes.
For guard band operation, this NB-IoT RB should be placed adjacent to the E-UTRA RB edge as close as possible (i.e., away from edge of channel bandwidth).

And in 3GPP NR BS specification [3] the requirements for NB-IoT RB power dynamic range is defined as follows.





It can be seen that the existing requirements for NB-IoT RB power dynamic range for in-band or guard band operation do not differentiate the DL channels, nor the modulation format for NPDSCH. The purpose of power boosting is to ensure NB-IoT cell coverage, while the addition of 16QAM is to increase the peak data rate. Moreover, the support of 16QAM is based on the existing BS hardware capability, which has been verified by existing test cases. Hence we do not see the need to add any new tests cases for 16QAM and the existing requirements can be kept unchanged.[bookmark: _Toc29811668][bookmark: _Toc36817220][bookmark: _Toc37260136][bookmark: _Toc37267524][bookmark: _Toc44712126][bookmark: _Toc45893439][bookmark: _Toc53178166][bookmark: _Toc53178617][bookmark: _Toc61177856][bookmark: _Toc61178328][bookmark: _Toc67916395]6.3.4	NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
[bookmark: _Toc29811669][bookmark: _Toc36817221][bookmark: _Toc37260137][bookmark: _Toc37267525][bookmark: _Toc44712127][bookmark: _Toc45893440][bookmark: _Toc53178167][bookmark: _Toc53178618][bookmark: _Toc61177857][bookmark: _Toc61178329][bookmark: _Toc67916396]6.3.4.1	General
The NB-IoT RB power dynamic range (or NB-IoT power boosting) is the difference between the average power of NB-IoT REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both NB-IoT and the NR carrier containing the NB-IoT REs).
[bookmark: _Toc535411415][bookmark: _Toc29811670][bookmark: _Toc36817222][bookmark: _Toc37260138][bookmark: _Toc37267526][bookmark: _Toc44712128][bookmark: _Toc45893441][bookmark: _Toc53178168][bookmark: _Toc53178619][bookmark: _Toc61177858][bookmark: _Toc61178330][bookmark: _Toc67916397]6.3.4.2	Minimum Requirement
NB-IoT RB power dynamic range for NB-IoT operation in NR in-band shall be larger than or equal to the level specified in Table 6.3.4.2-1. This power dynamic range level is only required for one NB-IoT RB.
Table 6.3.4.2-1: 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


[bookmark: _GoBack]As for the EVM limit for 16QAM, we do not yet see strong motivation to use different requirement than the E-UTRA/NR one, i.e. 12.5%. Compared with QPSK, this EVM limit for 16QAM would be 3 dB tightened, which means the EVM budget for Tx impairments is reduced by 3 dB. This could be challenging for legacy base stations. In particularly for the standalone mode, the Tx processing such as Crest Factor Reduction (CFR) is optimized for NB-IoT DL of early releases with QPSK as the highest order modulation. Hence we propose that some max output power back-off should be allowed for 16QAM and is up to the BS vendors to declare.
For BS dynamic range, the existing requirements use single-tone FRCs with QPSK modulation [2], which are duplicated below together with the FRCs for REFSENS.

[bookmark: _Toc20997913][bookmark: _Toc29478592][bookmark: _Toc35933190][bookmark: _Toc35935478][bookmark: _Toc37163062][bookmark: _Toc37173390][bookmark: _Toc37173642][bookmark: _Toc44754198][bookmark: _Toc45825626][bookmark: _Toc45825878][bookmark: _Toc45826130][bookmark: _Toc45826382][bookmark: _Toc52466548][bookmark: _Toc66871595][bookmark: _Toc66872099][bookmark: _Toc20997914][bookmark: _Toc29478593][bookmark: _Toc35933191][bookmark: _Toc35935479][bookmark: _Toc37163063][bookmark: _Toc37173391][bookmark: _Toc37173643][bookmark: _Toc44754199][bookmark: _Toc45825627][bookmark: _Toc45825879][bookmark: _Toc45826131][bookmark: _Toc45826383][bookmark: _Toc52466549][bookmark: _Toc66871596][bookmark: _Toc66872100]A.14	Fixed Reference Channels for NB-IOT reference sensitivity (π/2 BPSK, R=1/3)
The parameters for the reference measurement channels are specified in Table A.14-1 for reference sensitivity.
Table A.14-1 FRC parameters for reference sensitivity and in-channel selectivity
Reference channel
A14-1
A14-2
Sub-carrier spacing (kHz)
15
3.75
Number of tone
1
1
Diversity
   No
No
Modulation
π/2 BPSK
π/2 BPSK
Frequency offset
0
0
Channel estimation length (ms) Note 1
4
16
Number of NPUSCH repetition
1
1
IMCS / TBS
0 / 0
0 / 0
Payload size (bits)
32
32
Allocated resource unit
2
2
Code rate (target)
1/3
1/3
Code rate (effective)
0.29
0.29
Transport block CRC (bits)
24
24
Code block CRC size (bits)
0
0
Number of code blocks - C
1
1
Total number of bits per resource unit
96
96
Total symbols per resource unit
96
96
Tx time (ms)
16
64
Note 1:	Channel estimation lengths are included in the table for information only.
A.15	Fixed Reference Channels for NB-IoT dynamic range (π/4 QPSK, R=2/3)
The parameters for the reference measurement channels are specified in Table A.15-1 for NB-IoT dynamic range.
Table A.15-1 FRC parameters for NB-IoT dynamic range
Reference channel
A15-1
A15-2
Sub carrier spacing (kHz)
15
3.75
Number of tone 
1
1
Modulation
π/4 QPSK
π/4 QPSK
Diversity
No
No
Frequency offset
0
0
IMCS / ITBS
7 / 7
7 / 7
Payload size (bits) 
104
104
Allocated resource units
1
1
Transport block CRC (bits) 
24
24
Coding rate (target)
2/3
2/3
Coding Rate
0.67
0.67
Code block CRC size (bits)
0
0
Number of code blocks – C
1
1
Total symbols per resource unit
96
96
Total number of bits per resource unit
192
192
Tx time (ms)
8
32
Frequency offset
0
0
Channel estimation length (ms) Note 1
4
16
Note 1:	Channel estimation lengths are included in the table for information only.


Compared with the REFSENS requirements, the FRC modulation order is doubled, i.e. from BPSK to QPSK and the coding rate is also doubled, i.e. from 1/3 to 2/3. Moreover, the wanted signal power level is increased by about 28 dB (e.g. from -127.3 dBm to -99.7 dBm for 15 kHz SCS). These comparison results are in line with those for E-UTRA or NR. More explicitly, when comparing REFSENS requirements with Rx dynamic range requirements for E-UTRA/NR, similar changes are found, namely, the FRC modulation order is doubled, i.e. from QPSK to 16QAM and the coding rate is also doubled, i.e. from 1/3 to 2/3. Furthermore, the wanted signal power level is increased by about 31 dB.
In the whole, we believe the existing FRCs are sufficient to verify the BS Rx dynamic range requirements. Therefore, we do not think it is necessary to define new FRCs using multi-tone with 16QAM for BS Rx dynamic range tests.
3	Conclusion
The impact of 16QAM on the BS RF specifications has been discussed. For the three issues identified in the last meeting, we have the following three proposals, respectively.
Proposal 1: No changes to the existing requirements on NB-IoT RB power dynamic range are needed for 16QAM and no new test cases are to be defined.
Proposal 2: The EVM limit for 16QAM is set to 12.5%, and some back-off from the max output power is allowed and is to be declared by the BS vendor.
Proposal 3: It is unnecessary to define new FRCs using multi-tone with 16QAM for BS Rx dynamic range tests.
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