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1
Introduction

Different inter cell interference mitigation techinques have been disussed as part of the LTE study. These techniques are currently categorized in [1] as: 
· Inter-cell interference randomization

· Inter-cell interference cancellation

· Inter-cell interference co-ordination/avoidance

Inter-cell interference cancellation techniques heavily rely on the UE implementation and particular UE capabilities, therefore it is unclear whether they can be assumed to be supported by all UEs. Some randomization schemes may increase the complexity of the interference cancellation or suppressing techniques in the UE.  
Inter-cell interference co-ordination/avoidance techniques rely on resource management techniques at the E-UTRAN side. Therefore, they rely on specific deployment or Node-B implementations. 
Inter-cell interference randomization techniques are made possible by virtue of the actual signal’s waveform. Therefore, the waveform needs to be specified in a way that the inter-cell interference is, indeed, randomized. If the interference is randomized, interference suppression/reduction at the UE will, naturally, be achieved by processing gain.   
This document proposes frequency hopping together with cell-specific scrambling of the DL waveform for averaging and whitening of the inter-cell interference. 
2
Randomization of inter-cell interference
Due to the channel dispersion of a wireless communication channel, the inter-cell interference of an OFDMA system is frequency selective for the same reason that the signal strength, itself, is frequency selective. Further, the inter-cell interference strength evolves in time in the same way as the signal strength evolves in time but in an independent way and possibly at a different pace.
A situation where the transmission to a particular UE takes place in a frequency allocation experiencing a large inter-cell interference may occur if no means to hop in frequency is supported. As a result, the received SINR in that UE may be artificially lower than it could be without impacting the SINR of other users. 
Therefore, it is desirable to have the means to average the inter-cell interference seen by all the UEs in the system to achieve maximum levels of frequency and interference diversity. This averaging would be naturally achieved by hopping the frequency allocations of different users in different cells in an independent manner. 

Note that the frequency hopping can be confined within a particular sub-band (for localized allocations) or over the entire system bandwidth (for distributed allocations). The hopping period is an integer number of OFDM symbols and should support different transmit diversity techniques. 

On the other hand, as in any communication system, the randomization of the information stream is desired to avoid fixed patterns of data being transmitted, possibly, from different sources (e.g., cells). In the event of the same information being transmitted from different sources at the same time and frequency allocations, the attainable processing gains would not be achievable. 
A cell specific scrambling is, therefore, a simple way to whitening the interference from different cells. 

As a result of the above discussion, support of independent frequency hopping as well as cell specific scrambling are recommended features to allow effective randomization of inter-cell interference in the DL of the E-UTRA and, therefore, the text proposal below is recommended for incorporation in [1]. 

Note that in addition to this text proposal, a slightly modified version of the text proposal presented in [2] which accounts for some of the comments received after presentation in 3GPP R1#42bis meeting is added for the Inter-cell interference mitigation section of [1]. This text was already proposed in [3] in RAN1#43 but the contribution was not discussed at the time.
-------------- Start of Text Proposal --------------
7.1.2.6

Inter-cell interference mitigation
Three approaches to inter-cell interference mitigation are currently being considered.

· Inter-cell-interference randomization

· Inter-cell-interference cancellation

· Inter-cell-interference co-ordination/avoidance
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for downlink inter-cell-interference mitigation.

Since the other approaches may not be supported or used in all deployment scenarios, E‑UTRA should support one inter-cell interference randomization scheme; however, the randomization schemes do not reduce the average interference level and may therefore not offer enough ability to trade overall cell capacity with edge of cell user performance.

The inter-cell interference cancellation techniques are UE implementation specific and it is for further consideration whether they can be assumed to be supported by all UEs. We note that some randomization schemes may increase the complexity of the interference cancellation or suppressing techniques in the UE.

The inter-cell coordination/avoidance techniques rely on the scheduling of the data transmission. Data scheduling is assumed for E-UTRA operation and is mostly Node B implementation specific. The value of these techniques therefore depends on the amount of signalling associated with each of them compared to the value added to the system and it's operation. The latter is for further study.
7.1.2.6.1
Inter-cell-interference randomization

Fundamentally, inter-cell-interference randomization aims at randomizing the interfering signal(s) and thus to allow for interference suppression at the UE in line with the processing gain.
Methods considered for inter-cell-interference randomization includes:

· Cell-specific scrambling, applying (pseudo) random scrambling after channel coding/interleaving

· Cell-specific interleaving, also known as Interleaved Division Multiple Access (IDMA)

· Cell-specific frequency hopping

With regards to inter-cell-interference randomization, cell-specific scrambling and cell-specific interleaving (IDMA) basically have the same performance (regarding IDMA for inter-cell interference cancellation, see below).
The benefits from the randomization of the inter-cell interference come without any restriction on the UE receiver type. However, these benefits are achievable only if the transmitted waveform characteristics support the means to randomize the inter-cell interference. Therefore, means to randomize the inter-cell interference seen by all the UEs in the system shall be supported by the definition of the DL signal characteristics.
Cell-specific scrambling together with cell-specific frequency hopping enable the whitening and randomization of the inter-cell interference in an efficient way and therefore their support shall be assumed for the evaluation of the DL of E-UTRA. 
-------------- End  of Text Proposal --------------
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