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1 Introduction
A LS [1] sending from RAN1 to RAN4 notifying the agreement on design of PUSCH sub-PRB allocation for Rel-15 BL/CE UEs:
· For Sub-PRB allocation, only the following are supported:
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A

· FFS: CE Mode B

· 3 subcarriers with SC-FDMA QPSK modulation

· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation

· The Pi/2 rotation is performed across SC-FDMA symbols
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2

· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used

· Working assumption: The 2 used subcarriers shall be fixed per cell in specification

· FFS: semi-statically configured

· FFS: Frequency hopping case
In this paper the changes needed on the spec of BS RF on the sub-RPB are discussed.
2 Discussion
The sub-PRB feature can allocate several subcarriers within the NB allocated bandwidth for CAT-M device. The purpose of the feature is to improve the PA efficiency by reducing the PAPR of the input signal. The changes only on the PUSCH so the BS RF impact on receiver requirement will be discussed.
Assuming power control for sub-PRB in CE Mode A is used as in baseline, though it is the narrow band signal operation for sub-PRB allocation, the signal still LTE signal and power controlled in CE mode A for BL/CE UE, so the PSD of receiving subcarrier would be expected to be similar with the legacy LTE UE signal. This imply that the legacy BS HW could be reused without little impact on the PUSCH performance with sub-PRB allocation.
2.1 REFSENS

Like the NB-IoT, the performance of sub-PRB allocation could be tested with the REFSENS requirement which requires 95% maximum throughput of FRC compared with 30% or 70% throughput requirement in performance part.
The new REFSENS requirement could be added for sub-PRB based on minimal sub-carrier allocation scheme allowed from RAN1 spec. This means the new FRC need to be defined for REFSENS.
With the BS also supporting NB-IoT, it is not necessary to test the REFSENS for sub-PRB as NB-IoT only 1 tone configuration and stricter requirement than 2 or 3 tones for sub-PRB allocation.
Proposal-1: Adding the REFSENS requirement for sub-PRB allocation at BS RF.

Proposal-2: Define new FRC for REFSENS for sub-PRB allocation at BS RF.

Proposal-3: No need to test sub-PRB allocation REFSENS if BS also support NB-IoT feature.
2.2 Selectivity and blocking

As for sub-PRB allocation PUSCH signal is still LTE signal, the legacy LTE ACS/blocking requirement will apply to sub-PRB allocation signal also. For the sub-PRB allocation PUSCH performance, with the same LTE channel filter, the attenuation of the adjacent channel interferer/blocker will be same with the legacy PUSCH signal. The allowance of the noise increase for the different bandwidth which defined in LTE will be good for sub-PRB signal also. From this aspect, we think it is not necessary to add new requirement for sub-PRB allocation.
Proposal-4: No ACS/blocking requirement needed for sub-PRB allocation at BS RF.

2.3 ICS
In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. The impairment of the LO phase noise, image leakage, IMD3 etc are consideration of source of the contributor of the difference of PSD between wanted and interfering signal. The SNR degradation of the signal caused by above noise contributor will be the same with for sub-PRB allocation and legacy considering the same interferer/level and position definition. From this aspect, we think it is not necessary to add new requirement for sub-PRB allocation.
Proposal-5: No ICS requirement needed for sub-PRB allocation at BS RF.

2.4 Dynamic range
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. The current FRC for dynamic range is set as 16 QAM, mixing the sub-PRB signal with BPSK/QPSK will not increase the PAPR of the input signal, so signal after ADC will have no problem to be decoded and no RF impact is foreseen with the sub-PRB signal input.
Proposal-6: No dynamic range requirement needed for sub-PRB allocation at BS RF.

2.5 IM
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal. It can be seen from Figure 1, the IMD product will be spread into all subcarriers in the wanted signal, so at the case of the sub-PRB allocation within the wanted signal, the noise increase will be same the legacy LTE signal in the subcarrier granularity. From this aspect, we think it is not necessary to add new requirement for intermodulation.
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Figure 1: LTE intermodulation and narrow band intermodulation requirement 

Proposal-7: No intermodulation requirement needed for sub-PRB allocation at BS RF.

3 Conclusions

In this paper the different RF requirement of BS for the sub-RPB allocation are discussed with below proposal:
Proposal-1: Adding the REFSENS requirement for sub-PRB allocation at BS RF.

Proposal-2: Define new FRC for REFSENS for sub-PRB allocation at BS RF.
Proposal-3: No need to test sub-PRB allocation REFSENS if BS also support NB-IoT feature.
Proposal-4: No ACS/blocking requirement needed for sub-PRB allocation at BS RF.

Proposal-5: No ICS requirement needed for sub-PRB allocation at BS RF.
Proposal-6: No dynamic range requirement needed for sub-PRB allocation at BS RF.

Proposal-7: No intermodulation requirement needed for sub-PRB allocation at BS RF.
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