TSG-RAN Working Group 4 (Radio) meeting #68
 R4-133904
Barcelona, Spain, 19 – 23 August 2013


Source:
Ericsson

Title:
A-MPR and envelope-tracking PA
Agenda item:
6.1
Document for:
Discussion
1 Background
The A-MPR allowed for high-efficiency (envelope tracking) PA(s) is being discussed extensively, a way forward for treating high-efficiency PA(s) has been presented but is not agreed. Key aspect are the assumptions to be used for A-MPR simulations based on HEPA(s) and the apparent increase of A-MPR needed for some transmission configurations. 
The multi-cluster single-CC scenario seems to require slightly higher A-MPR using HEPA(s): according to the CR [1], the increase is around 2 dB to yield a maximum A-MPR of 10 dB over all possible transmission ratios. 
Agreement of common assumptions for simulation of A-MPR based on HEPA is still outstanding, which means that comparison of results supplied by different vendors is difficult. The latter is beneficial for specifying the A-MPR. While it is relatively straightforward to determine prerequisites for conventional PA, there are more degrees of freedom for HEPA that could be design according to e.g.
· optimal PA efficiency;
· a compromise between reduced emissions and PA efficiency

This could involve implementations that involve both power-level and envelope tracking. Different design choices may require different A-MPR. 
In this paper we present initial simulations for discussing the compromise between unwanted emissions, power back-off and efficiency. Suppose that we use the A-MPR derived by conventional PA for the above multi-cluster scenario. What does that imply in terms of 

a) improved efficiency achieved by an envelope tracking PA (ET) compared to a power-level tracking PA (PT)?
b) unwanted emissions compared to PT?
The PT can be used with a “conventional PA” and is used here as a reference for comparison with ET.
2 The multi-cluster scenario
We consider the multi-cluster scenario for a 10 MHz bandwidth with a 1 + 1 PRB allocation with the PRB at the edges. The general spectrum emission mask applies along with the standard -30 dBm/MHz spurious emissions requirements at a 15 MHz offset from the channel edge.
The tentative A-MPR for this configuration is

MA  =  [8.0]-[10.12]A,
; 0< A ≤[0.33]

[5.67]-[3.07]A,
      
 ; [0.33]< A ≤[0.77]
 
[3.31],


 ; [0.77]< A ≤[1.0]

where A = NRB_alloc / NRB_agg according to the existing specification. The maximum A-MPR is 8 dB. Figure 1 shows the emissions at A-MPR = 8 dB, hence at +15 dBm total output power, for PT (blue) and two different ET designs choices (green and red curves). The PT is calibrated to achieve UTRA_ACLR = 33 dB at +22 dBm output power: the same type of setting used for deriving A-MPR based on a conventional PA. 
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Figure 1: unwanted emissions from PT (blue) and two different ET designs (red and green curves).

From Figure 1 we note that
1. the IM3 performance (at around ±13.5 MHz) is better with power-level tracking
2. the IM5 performance (at around ±22.5 MHz) is better with envelope-level tracking (both design)

at the following estimated PA efficiencies (Power Added Efficiency, PAE):
1. PT: 17%  (with “conventional PA”)
2. ET (green): 31%

3. ET (red): 41%

We note that the ET efficiencies are slightly overestimated and the PT results can be improved, but we still expect an improvement in efficiency using ET. The output power is of course reduced to +15 dBm so the efficiency gain has a more marginal impact in terms of total UE power consumption as compared to the case of full output-power operation.

All designs above meet the spectrum emission mask and the spurious emissions requirements with ample margins, these are
1. PT: 17dB (SEM), 5 dB (spurious)

2. ET (green): 10 dB (SEM), 13 dB (spurious)
3. ET (red): 6 dB (SEM), 6 dB (spurious)
Hence, using ET it is possible to achieve an efficiency improvement using the A-MPR derived using conventional PA(s) while still meeting the emissions requirements with a margin. For both ET and PT, it would be possible to improve efficiency even more by exploiting some of the margins. By reducing the supply voltage of the conventional PA until the margins become smaller, for example, it is possible to increase the PAE to above 30 % for this particular PA and use case. The same holds for the different ET designs.
Now, would a higher A-MPR as allowed in [1] allow an even better efficiency for the ET?

3 How to determine the A-MPR for ET?

We have given an example for which it is still possible to achieve an efficiency increase with HEPA by using the A-MPR derived using a conventional PA. The results presented in RAN4 indicate that amongst all legacy cases investigated, the multi-cluster case is the only case that requires a larger A-MPR (2 dB) to accommodate HEPA(s). However, this is already at an 8 dB back-off, which means an output power less than +15 dBm. Increasing A-MPR further implies reduced system performance that should be assessed together with the possible PA efficiency improvements at these lower output power levels – these improvements are in relation to the total UE power consumption. 
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