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1. Introduction

In [1] and [2] the requirements for uplink IDMA-based inter-cell interference (ICI) cancellation are roughly identified, including the requirements to signalling. In this contribution we further clarify the realization of the signalling and measurement enabling IDMA-based ICI cancellation. It is observed that IDMA-based ICI cancellation does not require extra signalling and measurement than the basic uplink operations (that without ICI mitigation) if a proper reference signal structure is designed.
2. Acquiring of reference signal structures of interfering UEs
As mentioned in [2], to enable ICI cancellation in downlink, 

“The radio interface definition should facilitate the acquisition of channel parameters of a limited number of (strongest) interfering cells (e.g. through orthogonal reference signals).” 

The similar requirement should be fulfilled to enable the ICI cancellation in uplink. The reference signal of interfering UEs in a specific sub-band may be used for the following two purposes:

· For a NodeB to measure the received power of interfering UEs from neighbouring cells in a sub-band. Based on the measurement results, the NodeB can determine whether an ICI cancellation should be performed, and which interfering UE(s) should be “cancelled”.

· For the NodeB to perform channel estimation for the strongest UE(s), to enable coherent detection/demodulations for them. 

Two issues should be considered to realize the above operations:

· Design of in-band orthogonal reference signals between cells

· How for the interfered NodeB to acquire the reference signal structure of interfering UE(s).

The design of out-band reference signal for channel quality estimation is not relevant to the ICI cancellation issue, hence will not be addressed here.

In the current TR 25.814 Section 9.1.1.2.2, the study mainly focuses on the means to achieve orthogonality between reference signals of UEs within a cell. However some contributions have been sent to RAN1#44 considering the reference signal design for mitigating ICI, such as [3][4][5]. It is proposed in these papers that the inter-cell orthogonality is achieved in code domain. An example is to employ different CAZAC sequences in different cells to minimize the ICI between reference signals. Different UEs sharing same resource in a cell may use different shift versions of the cell-specific CAZAC sequence. However, if a given frequency sub-band is dedicated to only one UE (as required for an effective ICI cancellation [1][2]), the UE can always use a specific shift version (e.g. the first version) of the cell-specific CAZAC sequence. In this case the interfered NodeB implicitly know which shift of its cell-specific CAZAC sequence is used by an interfering UE.

How to design orthogonal reference signals based on CAZAC sequence(s) for UEs in a cell is still under discussion. And some other approaches such as FDM-based orthogonal reference signal design are also proposed. Hence it is FFS whether an interfered NodeB can implicitly acquire or fast search out which reference signal is used by the interfering UE(s). It should anyway be noticed that it is unfeasible to perform inter-NodeB signalling too frequently (e.g. <15ms). Hence to enable ICI cancellation in uplink, the reference signal should be designed in a pre-defined manner so for the interfered NodeB to acquire the knowledge of the in-band reference signal structure of the interfering UE(s) without the support of inter-NodeB signalling. 

3. Inter-NodeB communications
The basis of IDMA-based ICI cancellation is demodulation of interfering signal. Based on the knowledge of reference signal structure(s) of the interfering UE(s), the control channel of the UE(s) in the interfered sub-band can be demodulated. Thus the interleaver pattern (IP) and uplink transport format (TF) adopted for the interfering UE(s) can also be acquired at the NodeB, which can be used to demodulate and decode the interfering data. 

It should be noticed that the uplink signalling is not always required to include its TF. As summarized in [6], the uplink signalling of TF is only required if UE-based TFC selection is supported. If the uplink TFC of a UE is wholly determined by the NodeB, the signalling of TFC can be avoided. 

However to enable the ICI cancellation, the IP ID and TF of a UE should always be reported in the uplink control channel, so for an potential interfered NodeB to acquire the IP and TF of this UE (when the UE acts as a “interferer”). In principle, if an interfering UE comes from a cell attached to the same NodeB, the uplink IP+TF report can still be avoided when UE-based TFC selection is not supported. However the system never has the a priori knowledge of what type of interferer a UE will act as (intra-NodeB interferer or inter-NodeB interferer). Hence it is suggest that each UE (at least those at “cell edge”) keeps reporting its IP and TF in its uplink control channel.

The uplink report of IP and TF will obviously bring an extra signalling overhead. However the direct inter-cell signalling via NodeB-NodeB interface is not needed accordingly.

4. Conclusions

In this paper, the signaling requirements for IDMA-based ICI cancellation in uplink are further clarified. It is observed that to enable ICI cancellation in uplink without the support of inter-NodeB signalling, the following requirements should be fulfilled:

· Orthogonal uplink reference signals between cells should be adopted, and designed in a pre-defined manner so for the interfered NodeB to acquire the knowledge of the in-band reference signal structure of the interfering UE(s) without the support of inter-NodeB signalling.

· All UEs (at least those at “cell edge”) should keep reporting its interleaver pattern ID and transport format in its uplink control channel.
The description in TR 25.814 is proposed to be modified as follow. 

5. 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.
The ICI cancellation is based on channel estimation for the desired UE as well as interfering UE(s). The channel estimation can be realized if uplink reference signals orthogonal between cells are adopted, and designed in a pre-defined manner so for the interfered NodeB to acquire the knowledge of the in-band reference signal structure of the interfering UE(s) without the support of inter-NodeB signalling.
The IDMA based inter-cell-interference cancellation scheme would imply the following requirements on the system:
· 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.

· Synchronization: Inter-NodeB synchronization is required.

· Intra-cell signalling: When IDMA is used, a NodeB naturally has the knowledge of the interleaver pattern used by the UEs in the cell, hence no extra signalling is needed. 

· 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. The signalling is realized by NodeB’s detecting the control channel of the interfering UE via air interface. (To enable this, each UE (at least those at “cell edge”) should keep reporting its interleaver pattern ID and transport format in its control channel.) Thus no inter-cell signalling via NodeB-NodeB interface is needed.
---------------------------------------------End of Text Proposal--------------------------------------------
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