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1 Introduction
As concluded in the study item phase, LTE TDD eIMTA is beneficial for small cell related deployment scenarios. However, inter-cell interference would arise when different transmission directions occur in different cells. The observation in the SI was that BS-to-BS interference is the dominant interference in TDD eIMTA operation. Several interference mitigation schemes were proposed and captured [1], with the potential to control the BS-to-BS interference and further improve the cell throughput. It was therefore concluded that interference mitigation schemes are essential to handle the inter-cell interference due to different UL-DL configurations applied in different cells.  Feasible interference mitigation scheme should be agreed on and specified in the work item, according to the following statements in the WID [2]:

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

In this contribution, we discuss the necessity and details of eNB measurement to facilitate the interference mitigation schemes for TDD eIMTA.
2 Discussions
Current proposals on interference mitigation schemes for TDD eIMTA can be generally classified into two categories, i.e. methods that do not need additional eNB measurements and methods that requires additional eNB measurements. The first category may include enhanced UL power control as discussed in [3][4], etc. The latter may include CCIM and SDIM, etc, as discussed in [5][6]. In [7], a comparison of CCIM and enhanced UL power control is provided. It is observed that CCIM is superior in terms of controlling BS-to-BS interference, improving cell packet throughput, reducing UE power consumptions, etc.
2.1 Necessity of eNB measurements for CCIM
In CCIM, UL-DL interference is managed by the small cell clusters which are divided based on the interference level or coupling loss between small cells. Due to the relatively high interference between small cells within a cluster, same transmission direction should be used to fully eliminate the UL-DL interference. If proper threshold of interference level/coupling loss is set for cell clustering, cells belonging to different clusters have weak interference between each other, which allows different transmission directions applied based on their individual traffic conditions. During the co-existence study, the effectiveness of CCIM in controlling BS-to-BS interference was evaluated [1], as shown in Figure 1. By setting proper threshold (e.g. 80dB in case of pico cells only scenario), the UL SINR when applying TDD eIMTA can be improved to a level very closed to the case with fixed UL-DL configurations. Another important observation is that CCIM with threshold of 80dB in such a deployment scenario does not restrict the traffic adaptation capabilities in the network, since a large portion of pico cells are identified as “isolated cells”, as shown in Figure 2. In these “isolated cells”, performance gain of traffic adaptation can be fully obtained. 
To enable CCIM, large scale properties between eNBs, e.g. the coupling loss or interference level should be obtaind.  At least the following functionalities in CCIM can be facilitated by the knowledge on such interference information
1) By comparing the interference information and the corresponding threshold for each cell, the “isolated cells” in the network can be identified.
2) With knowledge on the interference information for a set of cells, the network can decide which cells should be clustered together due to their strong interference level between each other. 
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Figure 1: UL geometry for CCIM                               Figure 2: Cell cluster size with a threshold of 80dB

It is important that the interference information is obtained by autonomous eNB measurements, rather than in a predetermined way e.g. during the initial network deployments, for the following reasons:
1) Small cells in the network can be switched ON/OFF in a more dynamic way compared to macro cells, which consequently changes the surrounding interference conditions over the time.
2) The locations of user deployed femto cells may be changed, which also impacts the interference conditions.
3) Autonomous eNB measurements significantly reduce the network deployment efforts, especially considering that small cells are to be deployed in a much more dense and flexible way in the future.
The measurement results from each eNB should be exchanged to each other together with the interferer and victim cell IDs so that the identification of isolated cells or formation of cell clusters can be done by the network. 
Observation 1：
eNB measurement of large scale properties (e.g. RSRP or coupling loss) on the eNB-to-eNB link and the exchange of measurement results between each other should be supported to enable CCIM.
2.2 Necessity of eNB measurements for SDIM

CCIM can be considered as a cell coordination scheme, while SDIM is more like a scheduling based interference mitigation scheme. In SDIM, eNB needs to know the interference information caused by different UL-DL configurations in neighbor cells and then adjust the scheduling strategies accordingly. The interference information can include eNB-to-eNB interference or UE-to-UE interference, where the former is the dominant interference to mitigate. In order to obtain eNB-to-eNB interference, eNB measurement is also needed for SDIM. Other than measurement of large scale interference level in CCIM, SDIM may require more real-time and detailed interference information, such as interference information for a certain sub-band or subframe.
Observation 2：

eNB measurement is also required for SDIM, in which more real-time or detailed interference information shall be obtained through eNB measurements.
2.3 Current mechanisms of eNB measurement and listening

To support measurements on the eNB-to-eNB link, an eNB should be capable of listening to the transmitted signal from another eNB. Such network listening schemes have already been specified and implemented in the current Home eNBs, in order to support its DL power setting [8] or air interface based synchronization [9]. To support Home eNB DL power setting for E-UTRA protection, a Home eNB should be able to measure the received signal strength from the CRS of macro cells and set its transmission power accordingly. In air interface based synchronization, Home eNB should receive the synchronization and reference signals from another eNB to obtain time synchronization. In addition, since transmission and reception in TDD system is performed on the same carrier frequency, there should be no additional RF or hardware cost for an eNB to receive or measures the signals transmitted from other eNBs. There should not be additional baseband cost or complexity neither to support the eNB measurement in CCIM, compared to the current eNB listening schemes. However, SDIM may require additional measurements which are not supported currently.
Observation 3:

No additional cost or complexity is required to support the eNB measurement required for CCIM.
2.4 Details of eNB measurements
It should be clarified what signal and subframes should be measured for the required eNB measurements in TDD eIMTA. The existing reference signals e.g. CRS or TRS should be the baseline for eNB measurements. In order to measure the transmission signal from another eNB, the measurement should be done on a subframe in which the neighbor eNB is in the state of transmission. Two alternatives can be considered.
1) eNB measurement is performed on the fixed DL subframes, e.g. subframe {0,1,5,6}. In this case, the eNB who perform the measurement shall suspend its own DL transmission in the measurement subframes, which creates backward compatibility issues. However, the impact could be small if such measurements occur infrequently.
2) eNB measurements is performed in reconfigurable subframes. This scheme does not have backward compatibility issues. However, coordination on measurement subframes should be done in neighbor cells.
3 Conclusions

In this contribution, the eNB measurements to facilitate interference mitigation schemes in TDD eIMTA are discussed. Given the observations drawn in this contribution, we have the following proposal.
Proposal: eNB measurement on eNB-to-eNB link should be supported in TDD eIMTA, which should at least including eNB RSRP measurement on the eNB-to-eNB link.
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