

	
[bookmark: _Ref220397014][bookmark: _GoBack]3GPP TSG-RAN Working Group 4 Meeting #88-Bis	R4-1813377
Chengdu, China, 8th October – 12th October 2018


Source:	Nokia, Globalstar
Title:	TP to TR 36.791 (E-UTRA 2.4 GHz TDD Band for US): Outstanding items for Co-Existence Evaluation
Document for:	Approval
Agenda Item:	          6.2.1




1	Introduction
An update to TR 36.791 [1] was agreed in the TP Co-Existence Evaluation for 2.4 GHz TDD band and the ISM band [2].
Some aspects related to the TP need further clarifications. This TP proposes the changes to complete the missing items.
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<<< Start of TP >>>
6.5.1	UE Worst Case Emissions to ISM band
For uplink transmissions, the unwanted emissions that leak to the ISM band were simulated using RAN4 minimum RF performance assumptions. The power amplifier was calibrated so that after 4 dB post-PA losses, 22 dBm fully populated QPSK signal is output at the antenna connector, with the emissions profile just meeting 30 dB E-UTRA ACLR requirement. The model is based on measured data from an LTE PA, related to a 23 dBm UE. No filter selectivity has been assumed in order to evaluate the close-in emission margins to the regulatory limits. The carrier frequency is placed at the lowest and the highest position within the band.
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· Figure 6.5.1-1:  Worst Case UE TX Leakage to ISM Band, at the maximum output power for Power Class 3 UE (22 dBm for fully populated QPSK signal) (Globalstar plot is the FCC mask). Carrier frequencies at 2488.5 MHz (left) and 2490 MHz (right) shown for LTE10. Emission spectrum with 30 kHz and 1 MHz measurement bandwidth shown.

Editorial Notes: 
· 2483.5-2493.5 simulation to be added. Conclude that the higher allocation in the band alleviates slightly the impact upon coexistent access technologies.
· There is a slighter lower RF conducted power level due to the calibration and mismatches concerning the RF front-end.	Comment by Piipponen, Antti (Nokia - FI/Espoo): 

It can be seen that the FCC emission mask is more relaxed than the LTE SEM (or the same as the LTE SEM in case of 2488.5 MHz carrier frequency), guaranteeing that the FCC limits are met. Also, the general spurious emission limit of 
-30 dBm/MHz is tighter than the FCC requirement on the ISM band, meaning that UEs have no trouble meeting the limits regardless of whether the general spurious limit applies. Placing the LTE10 carrier at the highest position within the band slightly alleviates the out-of-band emissions towards the ISM band.
--------------------------------------- NEXT CHANGE ---------------------------------------
6.5.2	UE Typical Emissions to ISM Band
The previous section detailed worst case unwanted emissions at the RAN4 minimum RF performance level, which is not a typical design target for any equipment. The worst case conditions may occur across extreme temperature and operating conditions (e.g. voltage) and manufacturing tolerances, and the UE must still meet the regulatory requirements at these corners.
· Normally, e.g. 3-5 dB margin is targeted for ACLR in typical testing conditions, which indicates e.g. 5-7 dB improvement in the alternate adjacent channel (where 5th order intermodulation dominates the spectrum). This directly reduces the PA and antenna output unwanted emissions on the ISM band by a similar amount, depending on the offset from the channel edge.

· The band filter typical performance at the stopband edge depends heavily on temperature (due to frequency drift) and manufacturing tolerances. Across the stopband, it is normal to see 15-20 dB differences in the minimum vs. typical attenuation. Again, in typical conditions and across UE samples, the ISM band unwanted emissions will be lower than in the simulations shown above.

When fewer than the maximum amount of resource blocks are scheduled for a UE, the transmission bandwidth is narrower, and also the PA spectral regrowth does not reach as far as when transmitting full resource allocation. The emissions vs. resource allocation size was simulated, assuming minimum RF performance and Topology 1 filter (min. response, not typical). The results are shown in Figure 6.5.2-1 for QPSK modulation. In all cases, the transmit output power was set at maximum, i.e. 22 or 23 dBm depending on the allowed MPR.
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· Figure 6.5.2-1:  Worst caseImpact of PRB allocation on the UE TX leakage to ISM band including band filter minimum response

A conservative emissions case on Wi-Fi channel 11 (integrated over 2452-2472 MHz) spans from below -65 dBm/20MHz to below -40 dBm/20MHz, with only the largest uplink allocations creating emissions reaching towards -35 dBm/20MHz. Regarding emissions to the Bluetooth advertising channel at 2480 MHz, most of the worst case emissions are below -40 to -35 dBm/MHz, and in some rare cases the emissions may reach up to -20 or even -16 dBm/MHz. Modulation indexes 16-QAM and above will in practice show slightly lower emission profile.
The edge PRB allocations, which are used for the uplink control channel, may be typical narrowband resource configurations and deserve more detailed analysis. Figure 6.5.2-2 shows the unwanted emissions spectrum at the maximum 23 dBm output power, using the same minimum RF performance requirement assumptions as in Figure 6.5.1-1.
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· Figure 6.5.2-2:  Worst case UE TX leakage to ISM band in case of edge PRB allocation

The emission spectrum shows intermodulation peaks at around 2475 and 2480 MHz frequencies. These are unwanted products of the transmit signal and its IQ image or LO leakage, forming at the non-linear PA. The IMD products don’t reach Wi-Fi ch#11 but do reach the Bluetooth frequency range, explaining the results shown in Figure 6.5.2-1. The magnitude of these IMD peaks depends heavily on the PA implementation, and the LO and IQ image suppression of the transmit chain; the result shown here represents the worst case magnitude found in simulation models.
As a potential mitigation for the impact of IMD products, the transmit power spectral density of the PUCCH will be similar as for the PUSCH for any given UE. For a UE transmitting 22 dBm 50 PRB QPSK signal, the PUCCH transmission will be in the order of 5 dBm, significantly reducing the unwanted IMD magnitude. Uplink control information is also piggybacked on PUSCH if such allocation is scheduled, thereby reducing the amount of standalone PUCCH transmissions.
Editorial Notes
· The edge PRB cases would require further analysis on how the impact upon WIFI and BT could be mitigated. This desensitizes the surrounding STAs and BT clients by degrading the RX SINR of the surrounding STAs and BT clients.

LTE also uses UL closed loop power control. In thbe cases when a UE doesn’t operate ion cell edge conditions, it may not operate at maximum power. The unwanted emissions of practical UE transmitters would get reduced on average by at least 1:1 in dB scale, when the output power is lowered from maximum. To estimate this effect, a system simulation was performed, using Urban Macro and Urban Micro TD-LTE scenarios, and the cumulative distribution functions of the resulting output power is shown in figure 6.5.2-32. Since not all the assumptions behind the UL Total TX power, presented below, are not available, this simulation is considered informative.
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· Figure 6.5.2-32:  Informative System Simulation of Total UL TX Power CDF in Urban Macro and Micro Scenarios.

The informative simulation results indicate that 50% of the UE transmissions occur at power levels below about 2-3 dBm in Urban Micro deployment. In indoor or small cell environments, typical transmit powers could be even lower. This presents a significant reduction in the leakage power towards the ISM band, compared to a conservative case figures shown above.
Concerning the typical emissions leaking to the ISM band we can summarize:
· Worst case emissions with full UL allocation: -35 dBm/20MHz (Wi-Fi ch#11), -20 dBm/MHz (BT 2480 MHz)

· Effect of PA operation point: -5 to -7 dB (Wi-Fi ch#11), -3 to -5 dB (BT 2480 MHz)

· Effect of filter typical vs. minimum performance: -2 to -5 dB (Wi-Fi ch#11), 0 dB (BT 2480 MHz)

· Effect of typical UL resource allocation (conservative estimates): 0 to -20 dB (Wi-Fi ch#11), 0 to -5 dB (BT 2480 MHz)

· Effect of typical UL TX power (90th and 50th percentiles, conservative 1:1 estimate on emissions): -12 to -20 dB (both Wi-Fi and BT)

· Typical emissions in the order of: -54 to -87 dBm/20MHz (Wi-Fi ch#11), -31 to -50 dBm/MHz (BT 2480 MHz)


Editorial note: these conclusions to be further reviewed
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