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1	Introduction
Regarding the BS RF requirements for 16QAM for NB-IoT downlink, three issues remain to be resolved, i.e. RB power dynamic range, EVM and 16QAM FRC [1]. In the following we further clarify our view on each of them.
2	Discussion
· RB power dynamic range
The RB power dynamic range requirements only apply for in-band and guard band (E-UTRA) operations. And the existing specifications require up to 6 dB power boost. As the PAPR characteristics of 16QAM CP-OFDM waveforms are similar to those of QPSK ones, the RF transceivers of the existing base stations should be able to support the same RB power dynamic range requirements as the requirements for QPSK DL.
As we have pointed out before, the existing requirements in either E-UTRA [2] or NR [3] specifications for NB-IoT RB power dynamic range do not differentiate the DL channels, nor the modulation format for NPDSCH. In other words, both QPSK and 16QAM are readily covered. Therefore, there’s no need to change the wording of the current specs.
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 brings no new demand on BS hardware capability. Hence we do not see the need to add any new tests cases for 16QAM, either.
In summary, our proposal is as follows.
Proposal 1: The existing RB power dynamic range requirements are applicable for both QPSK and 16QAM. There is no need to change the wording of the current BS RF specifications, nor add any new test cases for 16QAM.
· EVM limit for 16QAM
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 shouldn’t be a problem for inband or guard band operations, because the NB-IoT signal and EUTRA/NR signal would be processed together and share the total Tx power. 
However, it could be challenging for legacy base stations operating in NB-IoT standalone mode. Compared with the inband/guard band mode, the max Tx power for standalone mode could be more than 10 dB higher, e.g. 46 dBm. And the Tx processing such as Crest Factor Reduction (CFR) in legacy base stations may be optimized for NB-IoT DL of early releases with QPSK as the highest order modulation, leaving little margin to support 16QAM. Hence we propose that some max output power back-off should be allowed for 16QAM and is up to the BS vendors to declare.
More explicitly, we propose to add two notes to TS 36.141 Section 4.6.8 Manufacture’s declarations of supported RF configurations [4], which is shown below.
Proposal 2: Set the EVM limit of 16QAM to 12.5% and add notes to the rated output power declarations to allow optional back-off for NB-IoT 16QAM DL operation in standalone mode.
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The manufacturer shall declare which operational configurations the BS supports by declaring the following parameters:
< Unchanged part skipped>
-	The rated output power per carrier;
-	for contiguous spectrum operation
-	for non-contiguous spectrum operation
NOTE 1:	Different rated output powers may be declared for different operating configurations.
NOTE 2:	If a BS is capable of 256QAM DL operation then two rated output power declarations may be made. One declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when not configured for 256QAM transmissions.
NOTE 3:	If a BS is capable of 1024QAM DL operation then up to three rated output power declarations may be made. One declaration is applicable when configured for 1024QAM transmissions, a different declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when configured neither for 256 nor 1024QAM transmissions.
NOTE 4:	If a BS is capable of NB-IoT 16QAM DL operation in standalone mode then up to two rated output power declarations may be made. One declaration is applicable when configured for 16QAM transmissions and the other declaration is applicable when not configured 16QAM transmissions.
-	The rated total output power Prated,t as a sum of all carriers;
-	for contiguous spectrum operation
-	for non-contiguous spectrum operation
NOTE 1:	If a BS is capable of 256QAM DL operation then two rated output power declarations may be made. One declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when not configured for 256QAM transmissions.
NOTE 2:	If a BS is capable of 1024QAM DL operation then up to three rated output power declarations may be made. One declaration is applicable when configured for 1024QAM transmissions, a different declaration is applicable when configured for 256QAM transmissions and the other declaration is applicable when configured neither for 256 nor 1024QAM transmissions.
NOTE 3:	If a BS is capable of NB-IoT 16QAM DL operation in standalone mode then up to two rated output power declarations may be made. One declaration is applicable when configured for 16QAM transmissions and the other declaration is applicable when not configured 16QAM transmissions.
< Unchanged part skipped>

· BS dynamic range tests
An excerpt of the BS dynamic range requirements in TS 36.104 [2] is duplicated below. It can be seen that such requirements are intended for setting an upper bound for the receiver implementation loss including base-band demodulation imperfections (e.g. due to channel estimation), receiver impairments (EVM).
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The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN signal.

The existing NB-IoT BS dynamic range tests use single-tone FRCs with QPSK modulation [2], and the wanted signal power level is increased by about 28 dB w.r.t. REFSENS. We believe that the existing FRCs are sufficient for verifying the dynamic range requirements. Defining one or more 16QAM FRCs would have little added value albeit increasing the complexity of conformance tests.
Proposal 3: It is unnecessary to add 16QAM FRCs for NB-IoT BS dynamic range tests.
3	Conclusion
Further analysis is presented on the remaining three issues in the support of NB-IoT 16QAM DL. And three proposals are made correspondingly.
Proposal 1: The existing RB power dynamic range requirements are applicable for both QPSK and 16QAM. There is no need to change the wording of the current BS RF specifications, nor add any new test cases for 16QAM.
Proposal 2: Set the EVM limit of 16QAM to 12.5% and add notes to the rated output power declarations to allow optional back-off for NB-IoT 16QAM DL operation in standalone mode.
Proposal 3: It is unnecessary to add 16QAM FRCs for NB-IoT BS dynamic range tests.
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