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1 Introduction

In LTE TDD network, when different radio frame configurations are used in adjacent cells, it might lead to the so-called TDD-specific cross-link interference, i.e., the downlink transmission in a serving cell might be interfered by the uplink transmission in a neighboring cell, referred to as uplink-to-downlink (UL-to-DL) inter-cell interference, and vice versa, i.e., the uplink transmission in the serving cell might be interfered by the downlink transmission in a neighboring cell, referred to as downlink-to-uplink (DL-to-UL) inter-cell interference.  In addition, there still exist uplink-to-uplink (UL-to-UL) and downlink-to-downlink (DL-to-DL) inter-cell interference in LTE TDD network.  
In RAN1#72 meeting, several potential interference mitigation schemes were proposed for TDD inter-cell interference management, as listed below [1]:
· Cell clustering interference mitigation (CCIM)

· Scheduling dependent interference mitigation (SDIM)

· Interference suppressing interference mitigation (ISIM)
· Interference mitigation based on legacy schemes (such as eICIC/FeICIC schemes, CoMP schemes, MBSFN configuration schemes)
· Power control based schemes
In [2], both cell clustering interference mitigation scheme and scheduling dependent interference mitigation scheme were proposed to be considered for inter-cell interference mitigation in LTE TDD network. In one companion contribution [3], we discuss cell clustering interference mitigation scheme. 
In this contribution, we discuss scheduling dependent interference mitigation (SDIM) scheme for TDD inter-cell interference mitigation, and separate measurement of uplink-to-uplink and downlink-to-uplink inter-cell interference. 
2 Scheduling Dependent Interference Mitigation
For scheduling dependent interference mitigation method, an eNB could adjust the scheduling strategies according to its own interference measurement or the received interference information from other neighbouring eNBs. According to its own interference measurement, an eNB would allocate appropriate time-frequency resource, modulation and coding scheme and power control for its own uplink data transmission. 

Exchanging interference information between eNBs can actually help mitigate inter-cell interference. Especially, when both uplink-to-uplink and downlink-to-uplink inter-cell interference information are exchanged among eNBs, it can facilitate using different interference mitigation methods in different scenarios respectively.

When downlink-to-uplink inter-cell interference is dominant, an eNB, after receiving such interference information, can perform scheduling and/or power control in its downlink subframe to mitigate downlink-to-uplink inter-cell interference. For instance, an eNB can reduce its downlink transmission power in the PRBs within a downlink subframe that are flagged as suffering high downlink-to-uplink inter-cell interference. In alternative, an eNB could blank one or several downlink subframes indicated as causing high downlink-to-uplink inter-cell interference. While, if uplink-to-uplink interference is dominant, the indicated eNB doesn’t need to take it into account when scheduling its downlink data transmission.
Correspondingly, when uplink-to-uplink inter-cell interference is dominant, an eNB, after receiving such interference information, can perform scheduling and/or power control in its uplink subframe to mitigate uplink-to-uplink inter-cell interference. For instance, an eNB can optimize its uplink scheduling so that its cell-edge users (which typically require higher transmission power) are scheduled only in PRB pairs indicated as suffering low interference. In alternative, an eNB can signal its users to reduce the uplink transmission power in PRBs indicated as suffering high interference. Or, an eNB can also avoid data transmission in one or several uplink subframes or in subbands within a subframe. While, if downlink-to-uplink interference is dominant, the indicated eNB doesn’t need to take it into account when scheduling its uplink data transmission.
3 Inter-cell interference measurement 
For proper inter-cell interference mitigation, it is beneficial to measure not only the overall uplink inter-cell interference, but also the individual uplink-to-uplink and/or downlink-to-uplink inter-cell interference. 
In a TDD-based radio system, where different radio frame configurations can be selected in different cells, it is beneficial, at least for the purpose of measuring the inter-cell interference at an eNB, to distinguish between subframes that are always used as either uplink or downlink transmission in any of the allowed radio frame configurations (hereafter referred to restricted subframes), and subframes that can be flexibly used for either uplink or downlink operation in different radio frame configurations (hereafter referred to flexible subframes). The grouping of subframes of a TDD radio frame into restricted downlink subframes, restricted uplink subframes, and flexible subframes, can either be specified by a standard or signaled by the network as part of the system information, so that all eNBs have the same understanding of the subframes in a radio frame.  

In LTE Rel.11 system, where there are seven possible TDD radio frame configurations that can be selected to accommodate different uplink/downlink traffic loads in a cell,  all the subframes can be categorized as restricted uplink subframes, restricted downlink subframes, and flexible subframes as in Figure 1. Herein, a special subframe is regarded as a restricted downlink subframes, as there is no uplink traffic transmission allowed
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Figure 1: Subframe categorization applicable to all LTE TDD radio frame configurations.

3.1 Identifying the interference type for flexible subframe

It is beneficial to exchange the interference information and uplink-downlink configurations among eNBs for inter-cell interference mitigation. One way is to exchange such information over X2 interface. However, considering transmission delay over X2 interface and deployment cost of X2 connection, a more attractive alternative is to exchange TDD radio frame configurations over air interface through a dedicated physical layer signals, hereafter referred to as listening reference signal (LRS).  LRS could be transmitted in the guard period of a special subframe, as shown in Figure 2. 

LRS can be used for signalling uplink-downlink configurations among eNBs as well as interference measurements. According to the received uplink-downlink configuration of neighbouring cell, it can help identify the possible interference type incurred in a flexible uplink subframe. For an example, a flexible uplink subframe at an eNB may suffer downlink-to-uplink inter-cell interference when the same subframe is used for downlink transmission in its neighbouring cell. 
Moreover, according to the received power of a LRS, an eNB may infer whether a neighbouring eNB shall create strong downlink-to-uplink interference in a flexible subframe and may perform scheduling to overcome such interference.
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Figure 2. LRS structure
3.2 Uplink-to-Uplink interference measurement
As every restricted uplink subframe corresponds to an uplink subframe in all possible TDD radio frame configurations, the downlink-to-uplink inter-cell interference is zero and the uplink-to-uplink interference is actually the overall uplink inter-cell interference. Therefore, any method used for measuring the overall inter-cell interference is applicable for UL-to-UL interference measurement in restricted uplink subframes.

However, since a flexible uplink subframe might correspond to either an uplink or downlink subframe in neighbouring cells, it is not straightforward to obtain UL-to-UL interference measurement in a flexible uplink subframe. However, if DL-to-UL interference can be measured (as will be discussed in next sub-section), it is still possible to estimate UL-to-UL interference as the difference between overall uplink inter-cell interference and DL-to-UL inter-cell interference. 
3.3 Downlink-to-Uplink interference measurement

In each restricted uplink subframe, the downlink-to-uplink inter-cell interference is zero. While in each flexible uplink subframe, it is possible to get the aggregate DL-to-UL interference measurement by summing up all the individual DL-to-UL interference measurements from all neighbouring eNBs. Such individual DL-to-UL interference can be measured in a flexible uplink subframe and/or special subframe based on the received downlink reference signals sent from a neighbouring eNB. 
Configuration of reference signals used for interference measurement can also be signalled over X2 interface or via a physical channel.
4 Conclusions
In this contribution, we discuss scheduling dependent interference mitigation (SDIM) scheme for TDD inter-cell interference mitigation, especially based on separate measurement of uplink-to-uplink and downlink-to-uplink inter-cell interference. We propose the followings:
· Proposal 1: Measuring uplink-to-uplink and downlink-to-uplink inter-cell interference separately at an eNB;
· Proposal 2: Signalling uplink-to-uplink and downlink-to-uplink inter-cell interference measurements among eNBs.
· Proposal 3: Signalling uplink-downlink configuration among eNBs via physical layer. 
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