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1. Introduction

In the current TR 25.814 Section 7.1.2.6.2, two interference cancellation methods have been considered for the downlink inter-cell interference mitigation, which aim at interference suppression at the UE beyond what can be achieved by exploiting the processing gain.

The two methods are:

· Spatial suppression by means of multiple antennas at the UE. It should be noted that the availability of multiple UE antennas is an assumption for E-UTRA.
· Interference cancellation based on detection/subtraction of the inter-cell interference. One example is the application of cell-specific interleaving (IDMA) to enable inter-cell-interference cancellation.
We suppose the two methods are also suitable for the uplink inter-cell interference mitigation. In this paper, we propose to also consider the inter-cell interference cancellation in uplink, and the requirements to the system to enable the interference detection/subtraction is also discussed.

2. Feasibility of implementing inter-cell interference cancellation in uplink

In the uplink EUTRA system, single-carrier (SC) FDMA will be used as the multiple access scheme [1]. Therefore the users will be orthogonal to each other in uplink and the system is free of intra-cell interference. The interference will only be introduced from other cells, in which time-frequency resource may be reused.

In the study of downlink EUTRA system, some approaches have been considered for inter-cell interference mitigation including inter-cell-interference randomisation, inter-cell-interference cancellation, inter-cell-interference co-ordination/avoidance and beam-forming antenna techniques. However in the study of downlink EUTRA system, it is stated that the feasibility of implementing inter-cell-interference cancellation in uplink needs further investigations [6].
The inter-cell interference cancellation approaches are mainly based on the multi-user detection scheme. Multi-user detection is to some extend regarded as an approach with high complexity when the number of “users” is high. However, in (O)FDMA systems, the multi-user detection is only used to suppress the inter-cell interference because the systems are free of intra-cell interference. And the inter-cell interference a usually dominated by a couple of strong interferers (neighbouring cells), especially in the “cell edge” area. Only suppressing the dominant interferer(s) can substantially improve the SIR, although some much weaker interferers still exist. In this case the number of “users” in the multi-user detection can be limited to 2 or 3, and the complexity can be well controlled. 

Moreover, a NodeB has much smaller constraints in processing complexity than a UE. Regarding the spatial suppression, a NodeB also has higher capability in implementing multi-antenna reception. Hence the feasibility of implementing inter-cell interference cancellation in uplink is even higher than that in downlink.

Therefore the two inter-cell interference cancellation methods should also be considered in the study of uplink EUTRA.
3. Requirement of inter-cell interference detection/subtraction
The principle of the inter-cell interference (ICI) cancellation is to first demodulate and decode the interfering signal. Then the interfering signal (interference) can be reconstructed, and subtracted from the received signal. Thus the demodulation and decoding of the desired signal can be improved.

However, an effective detection/subtraction of the inter-cell interference would be based on the following requirements to the system:

3.1. Band allocation

In order to effectively subtract the interference to a UE, it is very desirable that the “interfered” and “interfering” UEs are transmission in the same band, as shown in Figure 1(a). In this case, the UE receiver can perform a relatively simple “dual-user detection” (if only the strongest interfering UE is considered). 

However, if the transmission band of the “interfered UE” corresponds to transmission bands of multiple “interfering UEs”, as shown in Figure 1(b), the resulting detection operation will become a more complex “multi-user detection”. 

An even worse scenario is that the transmission band of “interfered UE” only corresponds to a part of the transmission band of the interfering UE, as shown in Figure 1(c). In this case, the interfering signal detected only contains a partial interfering code block, hence cannot be correctly decoded, reconstructed and subtracted.
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Figure 1. Different band allocation scenarios for ICI cancellation

The band allocation in Figure 1(a) should be guaranteed for ICI cancellation. This issue can be considered in two scenarios: with inter-cell signalling or without inter-cell signalling. In inter-cell signalling is available, neighbouring cells can negotiate a common band allocation via signalling. However the negotiation could be very complex, and the inter-NodeB signalling may substantially increase the system complexity and processing delay. Hence we here assume that the band allocation for ICI cancellation should be made without the support of inter-cell signalling.

Using an identical transmission band

Without inter-cell signalling/negotiation, the band allocation for ICI cancellation has to be performed in a pre-defined manner. The UEs supporting ICI cancellation should transmit with the same bandwidth. And the transmission bands of “interfering” and “interfered” UEs are aligned, as shown in Figure 2. The resource can be divided into equal-size bands (Figure 2(a)) or bands in different sizes (Figure 2(b)). Since ICI cancellation is performed in each transmission band, the band allocation requirement in Figure 1(a) is always satisfied, without the need of inter-cell signalling/negotiation. 
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Figure 2. Using Identical ICI cancellation band allocation

The constraint of this method is that all UEs supporting ICI cancellation need transmit in a same bandwidth. Hence first, the pre-defined bandwidth should be properly selected to match to an expected typical payload. Furthermore, the ICI introduced by UEs with other transmission bandwidths can be mitigated with other methods, e.g. interference randomisation, coordination, antenna beamforming. A hybrid approach combining ICI cancellation and coordination is proposed in [5]. In this approach, the ICI introduced by UEs with a given transmission bandwidth is cancelled. Other ICI is coordinated.

3.2. Synchronization

In order to align the interfered and interfering subframes to each other in the time domain, the inter-NodeB synchronization is required. Of course, even in case of inter-NodeB synchronization, the timing offset between UEs (due to the different distances to the NodeB) may still exist, and result in a self-interference [3]. However, since the interference cancellation is only used in the “cell edge” area, the timing offset will be relatively small. Hence the resulting self-interference should be much weaker than the inter-cell interference, and will only lead to a margin degradation.
3.3. Channel Estimation

In order to detect the interfering signal, the channel between the interfering UE and the NodeB also needs to be estimated [4]. The anti-inter-cell-interference channel estimation can be realized based on a proper pilot design (e.g. “orthogonal pilot” or “pilot with good correlation properties”), as considered in the current TR.
3.4. Intra-cell signalling

When IDMA-based interference cancellation is used, the cell-specific interleaver pattern ID used by the “interfering UE” also needs to be signalled by the UE to the NodeB. 

3.5. Inter-cell signalling

In order to demodulate and decode the interfering signal, some information about the “interference” (e.g. interleaver pattern ID, modulation scheme, FEC scheme and coding rate) also needs to be signalled to the NodeB. This signalling can be realized in two ways: (1) The NodeB demodulates the controlling channel of the interfering UE, by subtracting the controlling channel of the desired UE. (2) The interfering UE sends the information to its serving NodeB (interfering NodeB). Then the interfering NodeB sends the information to the interfered NodeB.

Via detection of interfering controlling channel: 

If the same time-frequency resource is reused in two cells at the “cell edge”, the controlling channel of the desired UE need anyway to be correctly demodulated in the interference environment. The controlling channel would be transmitted using a lower modulation rank and a powerful FEC to guarantee the correct demodulation. After the desired controlling channel is accurately subtracted, the interfering controlling channel can accordingly be correctly demodulated. In case a strong interference exists (interference cancellation is used only in this case), the interfering controlling channel would be strong enough to guarantee an accurate demodulation.

Via inter-cell signalling:

If considering the interference between cells of the same NodeB, the interfering signal configurations is naturally available for the interfered cell. If considering the interference from a UE of a different NodeB, an inter-NodeB signalling will be required, which may substantially increase the system complexity and processing delay.

Therefore it is proposed that, to cancel the inter-NodeB interference in uplink, the signalling of interfering UE configurations to the NodeB is realized by detecting the control channel of the interfering UE. To cancel the inter-sector interference, the NodeB naturally has the knowledge of interfering UE, hence no extra signalling or operation is needed.
3. Conclusions

In this paper, the feasibility of implementing inter-cell interference cancellation is first investigated. Implementing inter-cell interference cancellation in uplink is even more feasible than that in downlink. Hence it is suggested the two inter-cell interference cancellation methods (now being considered in downlink) should also be considered in the study of uplink EUTRA.

Next, the requirements to the system to enable the inter-cell interference cancellation based on interference detection/subtraction are summarized. And the corresponding contents are proposed for the TR in the next section. 

4. Text proposal

---------------------------------------------Start of Text Proposal--------------------------------------------
9.1.2.7.3
Inter-cell-interference cancellation

Fundamentally, inter-cell-interference cancellation aims at interference suppression at the NodeB beyond what can be achieved by just exploiting the processing gain.

Two methods can be considered:

· Spatial suppression by means of multiple antennas at the NodeB. 
· Interference cancellation based on detection/subtraction of the inter-cell interference. One example is the application of cell-specific interleaving (IDMA) to enable inter-cell-interference cancellation.
To enable the second approach, some requirements to the system should be satisfied:

1. Sub-band allocation: The overlapped frequency resource in the “cell edge” area should be reused with the same “band allocation” in the serving and interfering cells respectively. And the “interfering UE” and the “interfered UE” should transmit using the same band.

2. Synchronization: Inter-NodeB synchronization is required.

3. Channel Estimation: Channel estimation for detecting the interfering UE is required.

4. Intra-cell signalling: When IDMA is used, the cell-specific interleaver pattern ID used by the “interfering UE” also needs to be signalled to the NodeB. 

5. Inter-cell signalling: Interfering UE configurations (e.g. interleaver pattern ID, modulation scheme, FEC scheme and coding rate) should also be signalled to the interfered NodeB. To cancel the inter-sector interference in uplink, the NodeB naturally has the knowledge of interfering UE, hence no extra signalling or operation is needed. To cancel the inter-NodeB interference, the signalling of interfering UE configurations to the NodeB is realized by detecting the control channel of the interfering UE.

---------------------------------------------End of Text Proposal--------------------------------------------
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