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1. Introduction

In [1] and [2] the requirements for downlink IDMA-based inter-cell interference (ICI) cancellation are roughly identified, including the requirements to signalling. In this contribution we further clarify the realization of signalling and measurement enabling IDMA-based ICI cancellation. It is observed that IDMA-based ICI cancellation does not require extra signalling than the basic downlink operations (that without ICI mitigation).
2. Identifying the cell-specific interleaving patterns
As mentioned in [1] and [2], in order to perform IDMA-based ICI cancellation, a UE should have the knowledge of the interleaving patterns of the serving cell and the interfering cells (at least the strongest one). A general consideration is that the interleaving pattern IDs need to be signalled to the UE via control channels. However, in a practical operation, this signalling is unnecessary.

Identifying interleaving pattern IDs though cell search operations

In practice the identification of cell-specific interleaving IDs can share the same operation with cell selection/reselection operations. Although the cell search procedure is still under discussion for LTE [3], we believe that the cell search operation should at least provide the identification of the desired and neighbouring cells. A UE would periodically measure and compare the received power of several neighbouring cells, and in general select the “strongest” cell. Meanwhile the cell IDs of the relative “weak” cells (potential interferers) are also known at the UE. In other words, the knowledge of the cell IDs of the strongest interfering cells has been available after the cell selection/reselection operation. And the “strength” of the several strongest cells and their IDs will be updated periodically in the cell search operations. 

When the cell IDs of the interfering cells are known, the interleaver pattern IDs have actually been available at the UE. Since the cell-specific interleaver patterns are allocated statically to all cells, there is a pre-defined mapping from the interleaver pattern ID of a cell to its cell ID. 

It is observed from the above analysis, that the desired and strongest interfering cell(s) can be identified though normal cell search/selection operations. And the interleaver pattern IDs of the cells are naturally acquired based on the static mapping to their cell IDs. Therefore no extra signalling is required for the identification of cell-specific interleaving patterns. 

The interleaver pattern(s) of the strongest interfering cell(s) would be updated as frequently as the cell search measurement is performed.

3. Acquiring reference signal structures of interfering cells
As mentioned in [4] and [2], to enable ICI cancellation, 

“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).” 

Regarding the relevant signalling issues, it is needed to consider how to acquire the reference signal structures of the interfering cells.

Cell-common reference signal structure

If all cells adopt the same reference signal structure (in frequency domain), the reference signal structures of interfering cells are naturally known at a UE. The orthogonality between reference signals of different cells may be realized in code domain (CDM). In this case the cell-specific “code” is also statically mapped to the cell ID, and can be acquired through cell search operations.

Cell-specific reference signal structure

Things will become a little bit more complicated if neighboring cells adopt different reference signal structures. As mentioned in [2]:

“The current assumption is that the position (in the frequency domain) of the reference symbols may vary from sub-frame to sub-frame and between cells. However, this assumption may be reconsidered if it is in conflict with any future conclusions regarding the E-UTRA cell-search procedure.”
Although the cell-specific reference signal position in a cell may vary sub-frame by sub-frame, it should be noticed that it would still vary in a pre-defined manner. The varying manner is also static, and can be mapped to its cell ID. As long as a UE has identified the desired and interfering cells, the UE has the knowledge of the varying manner of each cell, and is able to trace the variation of its reference signal structure. 

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

Of course the transport format of interfering cell(s) can also be sent to the serving cell via the cell-cell interface. However the communications may be too frequent for the a NodeB-NodeB interface, hence is suggested to be avoided. If the serving cell and strongest interfering cell(s) belong to the same NodeB, the inter-cell communications does need to be realized through NodeB-NodeB interface. However, sending the information of neighbouring cell(s) will anyway result in extra signalling overhead in the downlink control channel of the serving cell. And the NodeB would require UE to report its measurement results, to determine whether the extra information needs to be sent. 

Therefore it is suggest that in any cases the transport format of the interfering signal is acquired by directly demodulating the downlink control channel of the interfering cell(s) via air interface. Thus no inter-cell signalling is required for IDMA-based interference cancellation.

5. Conclusions

In this paper, the signaling requirements for IDMA-based ICI cancellation are further clarified. It is observed that the cell-specific interleaver pattern IDs can be acquired though cell search operations. Other transport formats of the interfering signal can be obtained by demodulating the control channel of the interfering cell(s) via air interface. Hence in conclusion, no extra intra-cell or inter-cell signalling is needed to enable IDMA-based ICI cancellation in downlink.

The description in TR 25.814 is proposed to be modified as below. 

6. Text proposal

---------------------------------------------Start of Text Proposal--------------------------------------------
7.1.2.6.2
Inter-cell-interference cancellation

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

Two methods have been discussed

· 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.
The IDMA based inter-cell-interference cancellation scheme would imply the following requirements on the system:

1. RB allocation: The RBs accommodating one code block of a UE in the interfered cell should also accommodate, and only accommodate, a code block of a UE in the interfering cell. In other words, the “interfered code block” and “interfering code block” should be accommodated in the same set of RBs.

2. Synchronization: Inter-NodeB synchronization is required.
3. Intra-cell signalling: A UE needs to be signalled whether it can perform a cancellation to the received ICI. And the UE should have the knowledge of the interleaver pattern IDs of the desired cell and the interfering cells (at least the strongest one). However, based on the static mapping between the interleaver pattern IDs and the cell IDs, the acquisition of the interleaver pattern IDs can be naturally realized through cell search operations, and no extra signalling is needed.
4. Inter-cell signalling: Interfering signal configurations (e.g. modulation scheme, FEC scheme and coding rate) should also be signalled to the UE. the signalling of interfering signal configurations can be realized by detecting the interfering control channel via air interface. Thus no inter-cell signalling via NodeB-NodeB interface is needed.
---------------------------------------------End of Text Proposal--------------------------------------------
Reference

[1] 3GPP, R1-060749, RITT, Huawei, CATT,  “Requirements of downlink Inter-cell interference detection/subtraction and TP, RAN1#44, Denver, USA ”
[2] 3GPP TR 25.814. v1.2.1, “Physical Layer Aspects for Evolved UTRA”
[3] R1-06xxxx, “Text Proposal on Cell Search in E-UTRA”, NTT DoCoMo, RAN1#44-bis, Athens Greece
[4] R1-060359, Interference cancellation for LTE & TP for TR25.814, France Telecom, Orange, Cingular Wireless, IPWireless, T-Mobile, Vodafone, RAN1#44, Denver, USA
- 1/3 -

