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Introduction

When combining two bands for LTE-Advanced inter-band CA additional components are needed leading to additional insertion loss for LTE/LTE-Advanced operation in these bands. In this input document LTE uplink measurement results are analyzed in order to understand UL maximum power limitations for LTE/LTE-Advanced on coverage and data rate. 
The measurements are performed in a typical office building using the public TeliaSonera LTE network with the outdoor BSs covering the building located within a distance of 200 to 500 meter. Outdoor-to-indoor coverage at higher frequencies is challenging but we have to ensure good user experience / data speeds especially for indoor were most of the data calls can be expected. The results indicate that especially for indoor locations it will be difficult to justify the loss of coverage and data speed even in the case of 0.5 dB max power relaxation.
Indoor measurement campaign

The measurements were performed in the public TeliaSonera LTE network in Malmö, Sweden. The table below lists the most important settings and measurement information. During the measurement campaign we had two UL FTP sessions running in parallel. 
	Frequency used:
	Band 7 with 20 MHz

	BS
	BS: 2 Tx and 2 Rx with 46dBm/Tx

	Terminal/laptop
	UE: 1 Tx / 2 Rx with max 23 dBm/Tx

Category: 3 UE (data card) with QPSK and 16 QAM supported
Windows laptop with TEMS 11.0.4

	FTP
	FTP server in core network

Ping results: 38 msec

	Building and coverage information:
	BS to office distance between 250 to 450 meter, see Figure 1.
4G coverage map see also: http://telia4g.se/ for Malmö

No metalized windows. No measurement at the elevator area as there the data call would drop. Ground floor where most meeting rooms are located has less good coverage than the 3rd floor. Walking speed ~1 m/s 

	Table 1
	Measurement information


Figure 1 shows the building location and the closest outdoor BS. Figure 2 shows the measurement path taken at the office (3rd floor) and the RSRP results. During the measurement campaign we were connected to sector 21 and 63 (see figure 1)
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	Figure 1
	Building and outdoor BS location. The closest BSs to the building are at ~250m and ~450m distance.
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	Figure 2
	Walking path with RSRP results with min/max values between: -77 to -106 dBm and CINR min/max values between: 2 to 26 dB


Measurement results and discussion
During the measurement campaign two UL FTP data session were running simultaneously at the same location. Figure 3 (a) shows the CDF of the normalized UL application throughput and in (b) the UL Tx power from one of the sessions. We can see that the reported UE Tx power for 80% of the time during UL transmission was > 20 dBm. From this we can understand that: 
The most interesting UL Tx power region for outdoor-to-indoor coverage is between 20 and 23 dBm in order to insure good data rate.
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	Figure 3
	In (a) CDF of UL application throughput normalized to the maximum measured throughput and in (b) CDF of UL Tx power


For the further discussion we separate between the following two UE Tx output power regions:

Tx power region 1: Output power < (Pmax – additional insertion loss)
Tx power region 2: Pmax ( output power ( (Pmax – additional insertion loss)
Tx power region 1) Output power < (Pmax – additional insertion loss)
For the Tx power in region the additional insertion loss should not influence the UE UL max data rate. This is as UL power control in general aims to reduce power consumption and improving system capacity by limiting interference. But the power consumption for the UE will increase independently if the additional insertion loss is compensated by a higher gain PA or if using a “standard” Rel-8/-9 LTE PA. 
Taking for example the PA current consumption as given in reference [1] with a 28 dBm and a 29 dBm PA (see Figure 4). For the 28 dBm PA operation the power control would ask the UE to transmit at a 1 dB higher power in order to give the same throughput to the user and compensating with this for the 1 dB additional insertion loss. Therefore the difference in power consumption due to a 28 or 29 dBm PA along the Tx range would not be that large as anticipated in reference [1].
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	Figure 4
	PA current consumption from reference [1]. The dashed line indicate that e.g. at a UE output power of 19 dBm would results in a effective 20 dBm output power (before the diplexer) for the 28 dBm PA. This is in order to compensate for the 1 dB additional insertion loss and maintaining the throughput as without the additional 1 dB insertion loss.


Tx power region 2) Pmax ( output power ( Pmax – additional insertion loss

Limiting the max output power by the additional insertion loss will limit the coverage range for outdoor and outdoor-to-indoor coverage and will also reduce the max data rate for the user as will be discussed below. 

Figure 5 (a) shows the UL normalized instantaneous data rate versus the Tx power. The instantaneous data rate is calculated as a function of the UL #of RBs and MCS using Table 8.6.1-1 and Table 7.1.7.2.1 in TS36.213. 
In the UL the Tx power per RB can be calculated as: Tx per RB = total power / #of RBs
Figure 5 (b) shows the UL #of RBs versus the Tx power per RB for 22 dBm. It also gives the #of instantaneous RBs transmitted during the measurement campaign for 22 dBm. For 0.5 to 1 dB additional insertion loss the Tx power range of 22 to 23 dBm and with this the max #of RBs will be affected for LTE and LTE-Advanced operation. As the total output power will be reduced by the additional insertion loss but the Tx power per RB has to be the same for the given pathloss in the UL the max #of RBs for the reduced max output power can be calculated. This is indicated with the dashed line in Figure 5 (b) for a 1 dB reduction of the max output power.  
For 0.5 dB and 1 dB max output power relaxation the data rate will be reduced by 10% and 20%, respectively. This is also indicated in Figure 5 (b) for the case of 1 dB insertion loss and a Tx power per RB of 5 dBm
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	Figure 5
	In (a) UL instantaneous data rate normalized to the maximum measured data rate versus Tx power and in (b) UL #of RBs for Tx power per RB for 22 dBm transmit power.


Summary

For inter-band LTE-Advanced CA we will have additional insertion loss due to the combining of two bands. This will than also influence the UE output power in these bands for legacy LTE operation if not compensated with a higher gain PA. With this input we have shown:

· Even for small cell sizes (~250 meter) and for outdoor-to-indoor coverage the instantaneous UE UL Tx power is mainly between 20 to 23 dBm. 

· The power consumption in the UE will also increase for Tx power < (Pmax – additional insertion loss). Therefore the power consumption difference using a higher gain PA will be not that much compared to using “standard” Rel-8/9 LTE PAs for LTE-A inter-band CA.

· The additional insertion loss for the Tx output power range Pmax to (Pmax-additional insertion loss) will influence the outdoor cell range and the outdoor-to-indoor coverage range. But it will also change the user maximum data rate and for a max output power of Pmax,new = Pmax,old - 1 dB this would result in a 20% lower data rate for the users in the UL.
Considering the analysis and results in this document we would suggest that no maximum power reduction and/or max power tolerance relaxation should be considered for LTE-Advanced when combining two bands. 
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