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1
Introduction

In RAN4 #42, working assumptions on LTE UE ACLR were agreed in [1], in which requirement values were T.B.D. or with square brackets. In the agreed texts, it was stated that maximum power reduction (MPR) should be applied to a UE, in case the LTE UE cannot meet the current UTRA absolute adjacent power limit effectively, from a UE complexity point of view. From a system performance point of view, however, MPR will directly reduce uplink cell coverage, as discussed in HSDPA and HSUPA. Therefore, the effects on LTE cell coverage of MPR need to be investigated before defining the MPR concepts and values.

This document presents our preliminary studies of effects on LTE cell coverage of MPR. The studies were conducted for both low and high data rates, because the data rates in LTE uplink vary with UE’s channel condition and location due to adaptive modulation and coding (AMC).
2 Evaluation

2.1 Methodology

In this contribution, the effects on LTE cell coverage of MPR were evaluated in two-step approach below:
Step 1

One derives the required SIR values from the number of resource blocks (RBs) and data rates, using the truncated Shannon bound curves, which is defined in TR36.942 [2].

Step 2

One reflects the required SIR values in a link budget to calculate cell coverage for each data rate. The effects of MPR are included in the link budget. 

In this evaluation, we normalized the cell coverage with 64 kbps, because the cell planning for WCDMA uplink is usually based on this data rate. It should noted we need to study further on data rates in LTE cell edge and cell coverage evaluations using absolute values.

2.2 Required SIR values
Table 1 presents the required SIR values, which were obtained using the truncated Shannon bound curves [2]. The region (marked with gray color), in which the required SIR values are lower than -10.0 dB or higher than 20.0 dB, was excluded in this study, because it might not be realistic. The data rate values are obtained assuming UL-SCH is allocated to a UE in every sub-frame.
Table 1 Required SIR values

[image: image1.emf]12 kbps 64 kbps128 kbps384 kbps 1 Mbps 2 Mbps 4 Mbps 8 Mbps 16 Mbps32 Mbps

1 -9.1 -0.7 3.9 15.9 41.8 83.6 167.2 334.5 669.0 1337.9

2 -12.3 -4.4 -0.7 7.3 20.9 41.8 83.6 167.2 334.5 669.0

3 -14.1 -6.4 -2.9 3.9 13.8 27.9 55.7 111.5 223.0 446.0

4 -15.3 -7.8 -4.4 1.8 10.0 20.9 41.8 83.6 167.2 334.5

5 -16.3 -8.8 -5.5 0.4 7.7 16.6 33.4 66.9 133.8 267.6

10 -19.3 -12.0 -8.8 -3.5 2.1 7.7 16.6 33.4 66.9 133.8

15 -21.1 -13.8 -10.7 -5.5 -0.5 4.2 10.8 22.3 44.6 89.2

20 -22.4 -15.0 -12.0 -6.9 -2.1 2.1 7.7 16.6 33.4 66.9

25 -23.3 -16.0 -13.0 -8.0 -3.3 0.6 5.6 13.2 26.7 53.5

30 -24.1 -16.8 -13.8 -8.8 -4.2 -0.5 4.2 10.8 22.3 44.6

50 -26.4 -19.1 -16.0 -11.1 -6.7 -3.3 0.6 5.6 13.2 26.7

75 -28.1 -20.8 -17.8 -13.0 -8.6 -5.3 -1.7 2.5 8.3 17.8

100 -29.4 -22.1 -19.1 -14.2 -10.0 -6.7 -3.3 0.6 5.6 13.2

Number of RBs


2.3 MPR values
Figure 1 and 2 present MPR values, which were used in this study. They were derived from a real GaAsHBT-PA, which was tuned to meet the release-6 ACLR requirements. Two kinds of MPR values are obtained, i.e. one is assuming UE shall meet ACLR1 in the current WCDMA requirements, and the other assuming UE shall meet ACLR2. From the results, MPR for ACLR2 is larger than that for ACLR1 in the region where the number of RBs is larger than 35-45, i.e. ACLR2 is a dominant factor from a MPR point of view in case a large number of RBs are transmitted.

In order to evaluate the effects of ACLR2, we consider two cases in the studies below as follows:

Case 1: meeting both ACLR1 and ACLR2 requirements

Case 2: meeting only ACLR1 requirements
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Figure 1 MPR values, which were used in this study (QPSK)
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Figure 2 MPR values, which were used in this study (16QAM)
Note that the MPR values presented above are one example and only for this evaluation purpose. Further investigation from UE vendor sides should be needed in order to derive the final requirements for MPR in LTE UE.

2.4 Cell Coverage (Link budget)
The required SIR values in Table 1 above and the MPR values in Figure 1 were plugged into a link budget to obtain the cell coverage for various data rates. Table 2 presents the normalized cell coverage, in the case that MPR is not applied. The values are normalized based on the data rate of 64 kbps and the number of RBs of 5.
Table 2 Normalized cell coverage for each data rate (without MPR) [%]

[image: image4.emf]12 kbps 64 kbps128 kbps384 kbps 1 Mbps 2 Mbps 4 Mbps 8 Mbps 16 Mbps32 Mbps

1 162.9 92.7 68.3 30.4

2 97.3 75.8 44.4

3 98.8 78.3 49.7 25.6

4 99.5 79.5 52.3 30.2

5 100.0 80.3 54.0 33.1 18.2

10 81.8 57.2 39.4 27.1 14.9

15 58.3 41.5 30.5 19.5

20 58.9 42.6 32.2 22.2 12.2

25 59.2 43.2 33.2 23.8 14.4

30 59.4 43.7 33.9 24.9 16.0

50 44.5 35.3 27.2 19.5 11.7

75 44.9 36.0 28.3 21.3 14.4 7.7

100 36.4 28.9 22.2 15.9 9.6



Number of RBs


Figures 3, 4, and 5 present the effects on the cell coverage for 384 kbps, 2 Mbps, and 16 Mbps, respectively. From the results, we can see MPR directly shrink the cell radius for all data rates. It means that MPR should be minimized as much as possible in order to achieve good service coverage for both low and high data rate.

Regarding the effects of ACLR2, there is no difference between case 1 and case 2 for UL 384 kbps, because low data rate, such as 384 kbps, does not utilise a large number of RBs, and MPR is caused by only ACLR1. For 2 Mbps and 16 Mbps, on the other hand, the cell coverage in Case 1 is smaller than that in Case 2. In high data rates, more than 25 RBs are used and ACLR2 is a dominant factor of MPR, as observed in Figures 1 and 2. 

In LTE uplink, several uses are multiplexed in one sub-frame in order to obtain the effects of frequency domain channel dependent scheduling. For instance, 3-5 users are multiplexed per 5 MHz system bandwidth in one sub-frame. It means that using more than 25 RBs is not practical in highly loaded cells. In low loaded scenarios, where UE can utilize a large number of RBs, such as 25-100, in one sub-frame, MPR caused by ACLR2 would happen. The shrinks of cell radius due to tight ACLR2 requirements would happen in the limited scenarios, such as low loaded situations.
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[image: image6.emf]UL 384 kbps (16QAM)
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Figure 3 Effects on Cell Coverage (UL 384 kbps), QPSK and 16QAM
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Figure 4 Effects on Cell Coverage (UL 2 Mbps), QPSK and 16QAM
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Figure 5 Effects on Cell Coverage (UL 16 Mbps), QPSK and 16QAM
3 Conclusions

In this contribution, we analysed the effects on LTE cell coverage of MPR. The shrink due to MPR were investigated for both low data rates (384 kbps) and high data rates (2 Mbps and 16 Mbps). From the results, we can see that MPR directly shrinks the cell coverage for both low and high data rates, and the MPR values should be minimised in order to keep good service coverage in LTE system.

The results also reveal that the shrinks of cell radius due to tight ACLR2 requirements would happen in some scenarios, such as low loaded situations.
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