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1. Introduction

In [6] Power borrowing by PHICH from PDCCH on the first OFDM symbol and network performance (average cell and cell edge throughput) was investigated.  To compensate the power loss for PDCCH on the first symbol, PDCCH power on the second (and third) OFDM symbol(s) can be increased relative to the power level that would have been used without power borrowing, subject to symbol maximum power limitation.  Also due to some PDCCH REG allocations across control symbols power limitations can occur on one symbol but not the other(s) [3].  Both of these cases require that the REG power within each CCE vary across OFDM control symbols for best performance. 

2. 36.213 Proposal
 It was found through link simulations that up to 4 dB intra-CCE REG power offset between OFDM symbols can be tolerated without impacting PDCCH performance. Above 4 dB then degradation starts to become noticeable.
The following requirement is proposed for 36.213 in section 5.2:
A UE may assume that the EPRE for resource element groups (REGs) of a CCE in the 1st OFDM symbol is offset to the EPRE of its REGs in another OFDM control symbol in the range of 0 to -4 dB.
3. Link level Results

Table 1 below shows the increasing link performance loss as the PDCCH CCE REG power offset between symbol 1 and symbol 0 increases.  Beyond about 4 dB the link loss starts to become significant.
Table 1 – Power Offset vs. CC Link Loss
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4. Link level simulation

A K=7 Convolutional Coder/decoder for PDCCH is used.  The convolutional decoder does not have knowledge about the boosting/deboosting values used for the REGs.  Due to the possible power boosting offset within one CCE, the decoder may encounter codewords in which some subcarriers have different power boosting/deboosting than some other subcarriers.

4 simulations were carried out, using 48 information bits and 288 codeword bits (144 subcarriers).  The power boosting for the first 72 subcarriers is always 1.0, that is, alpha_1^2=1.0 in all four simulation.  The power boosting for the last 72 subcarriers is denoted as alpha_2^2 and is given below.

1)
alpha_2^2 = 1.0

2)
alpha_2^2 = 1.55 (1.9dB power offset), gives 1 dB gain from alpha_2^2 = 1 as shown in FIG 1
3)
alpha_2^2 = 2.30 (3.6dB power offset), gives 2 dB gain from alpha_2^2 = 1 as shown in FIG 1
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4)
alpha_2^2 = 3.33 (5.2dB power offset), gives 3 dB gain from alpha_2^2 = 1 as shown in FIG 1
BLER
SNR (dB)

Figure 15 – FER vs. SNR seen by the UE

It can be seen that the simulation results confirm that the convolutional decoder is performing as expected.
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