
3GPP TSG-RAN WG4 #82 Meeting                                   R4-1700730
Athens, Greece, 13 - 17 February, 2017
Agenda item:
10.4.1.2
Source: 
ZTE, ZTE Microelectronics
Title: 
NR DL in-band emission and EVM requirements at BS TX
Document for:
Approval
1. 
Introduction
RAN4#81 meeting agreed the WF on in-band requirements for NR in [1]:
· Develop NR DL and UL in-band emission, EVM and in-band selectivity requirements with different numerologies on the same NR Carrier 

· In first phase define two different numerologies within one NR carrier

· Sub-block 1 with 15kHz SCS, Sub-block 2 with 60kHz SCS

· Sub-block BWs are FFS and will be investigated in conjunction with other related requirement definitions like EVM and in-band emissions

· Develop the in-band requirements for below 6 GHz for different numerologies

· Develop the in-band requirements for below 40 GHz for different numerologies
RAN4-NR#1 meeting (January 2017) agreed to start developing both 5G NR BS Tx EVM and in-band emission core requirements for the mixed numerology case [2]. 

RAN4#81 meeting also agreed to further study the need and size of guard band between two numerologies within one NR carrier in [3].

Following the RAN4 agreements, in this contribution we discuss NR BS DL EVM definition basis for EVM requirements development in mixed numerology case. 
2. 
NR BS DL EVM definition basis
There are many sources contribute to EVM of a subband at BS Tx in mixed numerology case, e.g. NR spectral confinement techniques used for the subband such as f-OFDM will cause EVM increases at the subband edge PRBs [4]. Here are other two sources we will discuss in this contribution:
1) In-band emission interference from the neighboring subband(s) due to the non-orthogonality between the different numerologies [4][5].

2) Power amplifier (PA) non-linearity especially IM3 will generate in-band and out-of-band components as interference [6].

· EVM increase due to in-band emission interference from neighboring subband(s) before PA
In [4] the EVM increase at a desired 720 kHz (4 RBs) sub-block with 15 kHz SCS (Sub-Carrier Spacing) was simulated due to the in-band emission interference from a neighboring 720 kHz sub-block with 60 kHz SCS. The Figure 4 [4] BS Tx EVM plots for the desired signal per subcarrier at the 15 kHz SCS sub-block (64-QAM, R=3/4 and 0 guard band between the two sub-blocks) is shown below for convenience. The EVM increases at the edge subcarriers (near subcarrier index 260) due to the in-band emission interference from the interfering sub-block with SCS 60 kHz. 
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Figure 1 BS Tx EVM plots for the desired signal per subcarrier, 64QAM, R=3/4 and 
0 guard band between the two sub-blocks (reproduced from [4])
Based on the dark-green curve (f-OFDM, TO=4) in Figure 1, we calculated the averaged EVM per RB and the averaged EVM of the whole desired sub-block and the results are shown below in Figure 2. The black line shows LTE DL 64 QAM EVM requirement 8% (-21.94 in dB) [7]. The blue line shows the averaged EVM of the whole desired sub-block (SCS 15 kHz): 6.5% (-23.8 in dB). It’s obvious that if EVM is only measured as an average of the whole desired sub-block, the EVM performance degradation at edge subcarriers near subcarrier index 260 will not be detected. The dark-green dotted lines show the averaged EVM of per RB (RB 1 to RB 4 from left to right) of the desired sub-block. The averaged EVM of RB 4 is 12.6% (-18 in dB) and did not meet the LTE DL 64 QAM EVM requirement 8% (-21.94 in dB). If the TX power of the interfering subband is higher than the desired subband, the averaged EVM of RB 4 will be even higher than 12.6%.
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Figure 2 Averaged EVM per RB and averaged EVM of the whole desired sub-block, 
calculated based on the dark-green curve (f-OFDM, TO=4) in Figure 1
If only the averaged EVM of the whole desired sub-block is defined in RAN4 EVM requirements, EVM degradation at edge subcarriers is not detected. Assuming that a desired sub-block has 25 PRBs and there’s a UE served by this sub-block, and the averaged EVM of the whole sub-block is below 8% (-21.94 in dB), in good radio conditions the CQI reporting from UE may indicate to the base station (BS) that 64 QAM could be used for transmitting data to the UE. If the BS decides to use all PRBs (i.e. 100% of spectrum utilization) in the sub-block to transmit data with 64 QAM to the UE, there will be high risk that the data in some coding blocks (CBs) cannot be correctly demodulated in the UE due to the bad data reception at the edge PRB. According to the existing LTE HARQ mechanism, the whole transport block should be retransmitted and the spectral efficiency decreases dramatically due to the data retransmission. So high spectrum utilization does not mean high spectral efficiency. 
Observation 1: For NR mixed numerology case, high spectrum utilization at BS Tx may cause data retransmission and result in lower spectral efficiency. 
Observation 2: For NR mixed numerology case, using only the averaged EVM of a whole subband cannot ensure good spectral efficiency.
If EVM per PRB of a subband will be defined in RAN4 EVM requirements, BS knows its own implementations and the EVM per PRB performance in the sub-block. Assuming that a desired sub-block has 25 PRBs and there’s a UE served by this sub-block, in good radio conditions the CQI reporting from the UE may indicate to the BS that 64 QAM could be used for transmitting data to the UE. To avoid transmitting data with 64 QAM on the edge PRB(s) with bad EVM performance, BS should leave the edge PRB(s) unused and use the rest of the PRBs to transmit data with 64 QAM modulation. The unused edge PRB(s) should not be included in the transmission bandwidth configuration. For example, if 2 edge PRBs are not used for data transmission, the subband spectrum utilization decreases to 92% (i.e. (23 / 25)*100%), but the rest of 23 PRBs could transmit data with 64 QAM with high probability that the whole transport block could be correctly demodulated in the UE. So in mixed numerology case, BS Tx EVM defined on one PRB basis is needed at least at the edge PRBs of a subband to ensure good spectral efficiency by avoiding/reducing data retransmission.   
Observation 3: For NR mixed numerology case, BS Tx EVM defined on one RB basis is needed at least at the edge PRBs of a subband to ensure good spectral efficiency by avoiding transmitting data on the edge PRB(s) with bad EVM performance. 
· EVM increase of the desired subband due to non-linearity of a realistic PA
PA non-linearity especially IM3 will generate in-band and out-of-band components, and a realistic PA output y(t) can be written as bellow as shown in our early contribution [6]: 
y(t) = p0 + p1∙x(t) + p2∙x(t)2 + p3∙x(t)3 + …

 = Linear components item [p1∙x(t)] + 

In-band IM3 components item [p3∙x(t)3] + 

Out-band IM3 components item [p3∙x(t)3]+ 

Other harmonic components item [ p0 + p2∙x(t)2+ …]      
The Figure 3 [6] the PSD components of a waveform go through a PA is shown below for convenience. At the output of the PA, the blue curve shows the output PSD by linear component of the PA, which is corresponding to the linear components item [p1∙x(t)] in the equation above. The red curve shows the in-band and side-band IM3 PSD produced by the PA, corresponding to the in-band and side-band IM3 components item [p3∙x(t)3]. The Figure 4 [8] input and output of measured spectrum of a LTE PA with LTE and several spectral confinement waveforms are shown below for convenience. The measurements in Figure 4 confirmed the PA out-of-band spectral re-growth analysis results in our early contribution [6]. The PA out-of-band emission from the neighboring interfering subband(s) will increase the EVM of the desired subband, and when the emission is close to maximum power it will dominate the EVM of the edge PRBs in the desired subband [8]. So the EVM of RB 4 in Figure 2 will further increase. The PA linearity could become even worse in high carrier frequencies which could degrade EVM performance further.
Observation 4: For NR mixed numerology case, non-linearity of a realistic PA could further degrade EVM performance of the desired subband, especially at the edge PRBs near the interfering subband(s) with high PSD.
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Figure 3 The PSD components of a waveform go through a PA (re-produced from [6])
[image: image4.png]60
2585 2590 2595 2600 2605 2610 2615 250 2575 2580 2585 2590 2595 2600 2605 2610 2615 2620 2625 2630

Frequency [MHz] Frequency [MHz]





Figure 4 Input (left) and output (right) measured spectrum of a LTE PA with a partially allocated 18RB LTE (blue) and f-OFDM (orange) waveforms (reproduced from [8])
Based on all of the discussions above, we have the following proposal:
Proposal 1: For NR mixed numerology case, BS Tx EVM of a subband should be defined on one PRB basis at least at the edge PRBs of the subband in the RAN4 EVM requirements to ensure good spectral efficiency.
3. Conclusions
Based on the discussion in this contribution, we have the following Observations and Proposals:
Observation 1: For NR mixed numerology case, high spectrum utilization at BS Tx may cause data retransmission and result in lower spectral efficiency. 
Observation 2: For NR mixed numerology case, using only the averaged EVM of a whole subband cannot ensure good spectral efficiency.

Observation 3: For NR mixed numerology case, BS Tx EVM defined on one RB basis is needed at least at the edge PRBs of a subband to ensure good spectral efficiency by avoiding/reducing data retransmission.
Observation 4: For NR mixed numerology case, non-linearity of a realistic PA could further degrade EVM performance of the desired subband, especially at the edge PRBs near the interfering subband(s) with high PSD.
Proposal 1: For NR mixed numerology case, BS Tx EVM of a subband should be defined on one PRB basis at least at the edge PRBs of the subband in the RAN4 EVM requirements to ensure good spectral efficiency.
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