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1 Introduction
An LS on power boosting for in-band and guard-band operation for NB-IOT was sent by RAN1 [1]. Some questions were raised by RAN1:
Q1: Does RAN4 consider the assumption on 6dB power boosting is feasible.  
Q2: If the answer is No on Q1, RAN1 would like to know the appropriate value(s) that can be assumed for power boosting for NB-IoT performance evaluation in inband scenarios. 
Q3: What level of boosting is feasible for transmissions within the LTE guard band, for the two cases of shared and separate PAs, and for approximately 0 and 200kHz offsets from the edge of the LTE carrier? 

In this contribution, we discuss this issue and provide answers on these questions.

2 Discussion
2.1 Impact on UEM
RE power dynamic range has been defined in section 6.3.1 of TS 36.104:

Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


As per current requirement, only up to +4dB power boosting is allowed. So, at least 4dB power boosting can be applied for the RB for NB-IOT if LTE mask is reused [2]. This requirement mainly considers the unwanted emission mask requirement when it was discussed in LTE. The level of IMD3 product between boosting RBs will increase and may violate the mask as in Figure 1.

[image: image1]
Figure 1 RB power boosting and unwanted emission mask for in-band (up) and guard band operation (down)
If a base station is designed without enough margins to meet the unwanted emission mask requirement, then any higher boosting will easily make emission mask requirement fail to pass the test. Therefore, any higher RE boosting actually consumes the margin between the signal spectrum and UEM requirement, the allowed boosting higher than +4dB depends on the implementation margin of the equipment. Also observed from the figure, there is no difference between in-band operation and guard band operation and no matter what is the frequency offset between NB-IOT and the LTE carrier edge in guard band operation because the IMD position and level could be the same in all cases.
Observation 1: Any higher RE boosting actually consumes the margin between the signal spectrum and UEM requirement, so the allowed boosting higher than +4dB depends on the implementation margin of the equipment.
Observation 2: There is no difference between in-band operation and guard band operation.
2.2 Impact on LTE power
If NB-IOT shares PA with LTE, LTE power will decrease due to the power boosting of NB-IOT. Take an example of 5MHz and 20W PA, the decrease of LTE output power and power density can be found as below table for only 1RB used for NB-IOT:
Table 1 LTE power decreasing for power boosting of NB-IOT RB
	5MHz LTE carrier with 1RB used for NB-IOT

	Power boosting of NB-IOT RB
	The power of boosting RB (W)
	The power of the rest 24RBs (W)
	Total power (W)
	The decrease of the total power and power density for the rest 24RBs (dB)

	3dB
	1.538462
	18.46154
	20
	-0.170333393

	6dB
	2.857143
	17.14286
	20
	-0.492180227

	10dB
	6.849315
	13.15068
	20
	-1.643528558


Observation 3: If NB-IOT shares PA with LTE, LTE power and power density will decrease due to the power boosting of NB-IOT.

2.3 Impact on EVM
The way forward in [3] also agreed that evaluation shall also be done on EVM for this power boosted PRB and the rest of the PRBs and unwanted emission. EVM is mainly caused by three contributing factors: phase noise in local oscillator (LO), clipping noise caused by CFR (Crest factor reduction) algorithm, and PA non-linearity [4]. Actually due to DPD calibration, the third contribution is not very significant in the total EVM. The second factor CFR is the mainly contribution and it will not changed when some of RBs boosting, so the increase of non-linearity leakage to the rest RBs by the boosting RB is not dominant for SNR (EVM) of victim RBs. Figure 2 shows the noise floor caused by BS EVM requirement and non-linearity leakage to the adjacent RB of the boosting RB. It assumes the non-linearity leakage to adjacent RB by the boosting RB is 45dBc which is aligned with the ACLR requirement because they are both caused by PA non-linearity and should have similar effect.

[image: image2]
Figure 2 EVM on victim adjacent RB

It is observed from Figure 2 that the noise by adjacent non-linearity leakage is much less than the noise floor by the base station EVM, so the SNR (or EVM) of the victim RBs will not be impacted by the RB of power boosting. 

Above analysis on EVM is only appropriate for the case that NB-IOT RB and the rest LTE RBs are orthogonal. In this case, no digital filter is needed to reject the side-lobe of the Sinc signal. For the case of downlink 3.75k non-orthogonal solution in guard band with offset 200 kHz from channel edge, digital filter is needed and adjacent leakage depends on both the rejection of the digital filter and PA non-linearity. It is also very easy to meet much less than 22dBc in the rest RBs with frequency offset 200 kHz from the channel edge. Therefore, 6dB power boosting has no impact on EVM also in this case.
Observation 4: The SNR (or EVM) of the rest victim RBs will not be impacted by the RB of power boosting.
2.4 Separate PA
Another thing need to be evaluated is the separate PA for guard band operation. When the PA for LTE and NB-IOT is separated, the antenna is also assumed to be separate and 30dB coupling loss can be provided. It is straightforward that the power density difference of NB-IOT will not impact emission mask and EVM of LTE if the output power is the same for both antennas. So there could be seen as no limitation of power density difference for NB-IOT if it has separate PA with LTE. 
Observation 5: There could be seen as no limitation of power density difference for NB-IOT if it has separate PA with LTE.
3 Conclusion
Based on above discussion, some observations are found and summarized as below:
Observation 1: Any higher RE boosting actually consumes the margin between the signal spectrum and UEM requirement, so the allowed boosting higher than +4dB depends on the implementation margin of the equipment. 
Observation 2: There is no difference between in-band operation and guard band operation.
Observation 3: If NB-IOT shares PA with LTE, LTE power and power density will decrease due to the power boosting of NB-IOT.

Observation 4: The SNR (or EVM) of the rest victim RBs will not be impacted by the RB of power boosting.
Observation 5: There could be seen as no limitation of power boosting for NB-IOT if it has separate PA with LTE.
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Adjacent leakage by PA non-linearity = X+6-45





6dB power up





Assume 45dBc ACLR by PA non-linearity





SNR=22dB assuming 8% EVM for 64QAM





Noise floor=X-22
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PSD=X: Average RE power
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