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1. Introduction

Inter-cell Interference Coordination has been identified as an important part to achieve the E-UTRA performance requirements [1] and recent considerations [16] have confirmed this decision. 
Interference Coordination works with power restrictions applied on certain frequencies in a cordinated way between cells. This gives the possibility for improved SIR on the corresponding frequency resources in a neighbour cell.

Due to the lost OFDM orthogonality in asynchronous cells the interference power of pilot and control sub-carriers inside a resource block spreads out (in time and frequency) to data symbols of a neighbour cell and damages the desired SIR improvement. This problem is true for all frequency domain schemes of interference coordination currently in discussion (also irrespective whether they are static or semi-static).

This paper describes the problem and impact and arrives at a proposal for a power control for pilot and control subcarriers to facilitate interference coordination in the given asynchronous networks.

2. Description of Interference Influence

In Figure 1 a detail of the time-frequency resource blocks of cell A is depicted in the upper part 
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Figure 1: Pilot & control interference on asynchronous neighbour cell data symbols

and the corresponding block of a neighbouring cell B is depicted in the lower part. Since the two cells are asynchronous the TTI starting times are shifted. In cell A the shown physical resource block data carriers are restricted in power as shown by the white colour, but the pilot and control subcarriers are not restricted. Due to the asynchronity the interference of pilot and control carriers from cell A spreads out in time and frequency to the data symbols, as depicted by the hatching so that in consequence too few time-frequency locations with improved SIR remain in the resource block of cell B. (In the example, in the block of 128 data subcarriers only 36 in total are usable with improved SIR!)
If on the other hand the pilot and control subcarriers in the physical resource block PRB1 of cell A are also reduced in power this interference would be avoided and the power spectral density of the interference would be shaped as desired. Thus to achieve that an improved SIR is experienced in neighbour cell resource blocks of an asynchronous network, so as to realize the desired throughput gains at the cell edge, the imposed power restrictions have to be applied also to pilot and control channels.

3. Proposal

Based on the above observations it is proposed, that in order to allow the gains by Interference Coordination a power control of the control channel and (at least majority of) reference symbols inside a restricted physical resource block is introduced.
The pilot restrictions should be set relative to the full pilot power and values of -3 dB, -6 dB, -9 dB,   -12 dB etc. should be possible. Further discussion on the exact definition, in the context of power control and the restriction related messages on the X2-interface messages is necessary.

The impact of the power controlled pilots on the channel estimation is seen as small. With the given pilot density, by using linear interpolation for channel estimation, already good downlink performance results can be obtained.

Regarding the decoding of the restricted resource block, it is noted that this block is anyhow intended only for users near to the base station antenna and so the pilot restriction is in line with the data power restriction. Regarding the decoding of neighbour physical resource blocks, due to the possible channel estimation with linear interpolation the “leakage effects” can be seen as small. Further improvement is possible with more optimized methods of channel estimation for these non-restricted blocks (similar to Gauss-Markov estimation). If the linear interpolation is not seen as sufficient one has to think whether a UE can find the semi-static restrictions on its own or whether signalling is necessary.
4. Simulation results

The throughput decrease due to missing pilot and control restrictions will occur in the cell border region. In order to exemplify the throughput decrease in that case but with already a small control channel size the following experiment has been carried out. From the serving cell there is reception through the channel 
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 as is shown at the top in Figure 2.
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Figure 2: Experiment for evaluation of Pilot and Control channel interference in asynchronous cells.
On the other hand there is the strongest interferer from the neighbouring cell coming through 
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on the left and attenuated by a factor 
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to model the path loss difference if a UE travels from the serving to the interfering cell. Third there is AWGN to model the remaining cells’ interference.
Reception is done on 3 diverse placed PRB using QPSK rate 1/3 and QPSK rate 1/2 . The data power of those blocks are restricted in the strongest interfering cell by 10 dB. In one case the pilot and control power is also restricted (only by-6dB) in the other case it is not.
Depicted in the figures is the “good put” so 
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. As can be seen by the throughput comparisons in the interesting cases of cell border reception 
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2.2 dB and -4.6 dB. The Reference Signal and Control interference results in considerable throughput decrease if not also the Reference Signal and Control information are restricted in power. So looking at the equivalent SIR values instead of a gain in SIR of about 6 dB the equivalent SIR gain is reduced by 1.5 – 2.5 dB that can be taken from the x-axis. This can be seen also from the envelope for the MCS’es CR 1/2 and CR 1/3. 
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Figure 3: Link level results for restricted interfering data, pilot and control power versus restricted data power but unrestricted pilot and control over path loss modelling factor 
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 and equivalent geometry.
So instead of a throughput gain factor of more than 2 for the cell edge traffic only a gain factor of 1.5 or 1.33 can be obtained. This loss will very strongly compromise the gains of interference coordination methods to possibly no gains in static cases. 
The simulated case is not yet the most critical case since in our simulation (previous 4Tx antenna pattern) the L1/L2 control channel only occupied the 2nd OFDM symbol, while the 1st and 3rd symbol were not yet occupied. If one assumes full control channel usage up to 3 symbols the interference is even far worse!
Thus the application in asynchronous networks is not promising anymore, so that it is concluded that a power restriction for the Reference symbols and Control has to be enabled. A common solution should be found for both.
5. Conclusion

Interference Coordination is important to achieve the E-UTRA system performance requirements and will be supported in the E-UTRA system. 

It has been identified that due to the lost OFDM orthogonality in asynchronous cells, interference of control and pilot subcarriers inside a resource block that is only restricted in data power, spreads out in time and frequency. So it spreads out to data symbols of a neighbour cell and damages the desired SIR improvement. 

This problem has been shown and illustrated clearly with our current numerology. Further simulation results were provided that quantify the degradation. The problem is true for all frequency domain interference coordination schemes currently discussed. 
The impact of these power restrictions on the measurements can e.g. be taken care of by not imposing restrictions in the OFDM symbols near to P-SCH and S-SCH where the RS are used for cell id detection. Another possibility is to raise RS in unrestricted PRBs to maintain the same total RS power in an OFDM symbol. The exact definition is FFS.

Thus it is proposed as described, to specify in the power control section, a power setting for control and pilot subcarriers inside restricted resource blocks suitable for Interference Coordination.

Text proposal informative
Regarding the subcarriers power of pilot and control channel a possible formulation in TS36.213 could be: 

36.213
----------- (section 5.2)
Type 1 (Power unrestricted) RBs corresponds to resource blocks for which the transmit energy of the resource elements is under the control of the eNode B.

Type 2 (Power restricted RBs) correspond to resource blocks for which the maximum transmit energy of the resource elements is provided by higher layers.

-----------------
-------------- (section 5.2.1)

The UE is informed about the location of type 1 (power unrestricted) and type 2 (power restricted) RBs in the time frequency grid via higher layer signalling. The UE may assume that the transmit energy of resource elements belonging to type 1 RBs is constant and that the transmit energy of resource elements belonging to type 2 RBs is also constant but equal to a lower value than that of type 1 RBs.
-----------------
36.211

--------------(section 5.2 )----------

For interference co-ordination purposes, type 1 (power restricted) and type 2 (power unrestricted) resource blocks are defined.

----------------

-------------- (section 5.x)

The resource elements to which a given PDCCH may be mapped can belong to type 1 and type 2 resource blocks.

------------------
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