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1. Introduction

In RAN1#72 meeting, eNB measurements on eNB-eNB link was discussed whether to be supported to facilitate the interference mitigation for TDD eIMTA [3]. It was observed that further analysis for eNB measurement is needed, for example the following aspects:
· Does the eNB measure on DL or UL subframe?

· Necessity of eNB measurement

· Need to identify necessary air-interface specification changes to facilitate eNB measurement

· Take into consideration the current HeNB type of measurement (based on the addition of UE receiver in HeNB)

In the following of this paper, the above issues will be analysed.
2. Necessity of eNB measurement
The following four interference mitigation schemes had been studied during the study item phase and had been discussed in last RAN1 meeting. The eNB measurement was seen necessary in all interference mitigation schemes. 

· Scheme 1: Cell clustering interference mitigation (CCIM)

· Scheme 2: Scheduling dependent interference mitigation (SDIM)

· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes

· Scheme 4: Interference suppressing interference mitigation (ISIM)

CCIM is to make some eNBs which have small coupling loss in same cluster, and adopt same TDD configuration in the cluster to avoid DL-UL interference. It is obvious that to enable the clustering, the measurement on coupling loss, or, path loss between eNBs is unavoidable. 
For SDIM, in [2], there is the description that “the eNB adjusts the scheduling strategies e.g. link adaptation, resource allocation, transmit power, transmission direction of a subframe, considering e.g. the DL and UL channel quality, the eNB-to-eNB and UE-to-UE interference, traffic load, etc.”. Then, the measurement on eNB-to-eNB interference and UE-to-UE interference are definitely needed to enable efficient SDIM. The eNB-to-eNB interference, i.e, the DL-to-UL interference has to be measured at eNB side. 
As for eICIC/FeICIC, in Rel-10/11 extensive specification work has been made to cope with the interference conditions caused in HetNet deployment, where the interference is only from eNB to UE, and methods are mainly to guarantee victim UEs’ measurement and DL detection, e.g, via configuring ABS. However, with flexible TDD configuration in each cell introduced, there is additional interference of eNB-to-eNB, and interference of UE-to-UE which cannot be handled well by current eICIC/FeICIC schemes, and it motivates additional eNB measurement and UE measurement. 
ISIM is largely implementation dependent, but the measurement on eNB-to-eNB interference will surely help the interference suppression.
Observation#1: eNB measurement is needed in all IM schemes.
3. Impact on specification from eNB measurement 
As discussed in last section, the eNB measurement is needed in all interference mitigation schemes. However, the requirement on eNB measurement from each IM scheme can be different.
For CCIM, the eNB measurement is to get the coupling loss estimation, which means there is no need for frequent measurement since location of eNB can be assumed unchanged. From this point of view, it is possible for one eNB to complete the measurement after initial power up before it serves UEs. Though there can be small cells switch on and off with time, the measurement can always be done by the eNB which switched on and report the measurement to a coordination entity. This makes the eNB measurement an implementation issue.
For other three IM schemes, the eNB measurement is to get the eNB-to-eNB interference, which varies with time due to dynamic TDD UL/DL configuration change, scheduling, or cell switch on/off. In such case, more frequent eNB measurement need to be supported. Since interfering eNB operates in the same carrier, then it is impossible for one eNB to provide DL to own cell and measure neighbour cell’s interference at same time. Similarly, it is also impossible for one eNB to detect its UEs’ UL and at the same time transmit the measurement RS. Moreover, to enable accurate measurement, the measurement time for one eNB has to align with neighbour cell’s transmission time of measurement signal. Then it means that the eNB measurement put restriction on TDD configuration in both own and neighbour cells, or, the eNB measurement is restricted by the TDD configuration in both own and neighbour cells. This is one special issue to be considered and it is different from the NLM of HeNB where same TDD configuration is assumed in each cell and then one eNB knows the link direction of neighbour cell exactly.
As discussed above, the ABS configuration in eICIC is just to enable accurate UE measurement/detection, and cannot directly support such eNB measurement. For eICIC/FeICIC, UL blanking of some resource for a serving cell, e.g, blanking a whole UL subframe or some subbands in that subframe, could facilitate the network listening and hence accomplish the eNB measurement of neighboring cell in DL, however, as discussed above, the serving eNB has to make sure the neighbour cell is DL in same subframes where it performs UL blanking. This requires signalling coordination and TDD configuration restrictions in both own and neighbour cell. 

Based on above analysis, it is observed that to support the eNB measurement, new mechanism and signalling need to be defined to provide at least the following information:

· How measurement signals from eNBs are multiplexed;

· How for one eNB to know when/where to send the measurement signal;

· How for one eNB to know when/where to detect measurement signal from other eNBs;
· Which signal serves as the measurement signal; 
Since ideal backhaul between eNBs cannot be assumed always available, then the solution which can minimize the signalling overhead is highly desired. Moreover, the mechanism should also minimize the collision in measurement signal transmission to provide accurate interference measurement between eNBs. As for the measurement signal selection, it is highly related to the decision on which dedicated time is used for measurement signal transmission/detection, and highly related to the requirement on measurement accuracy. Besides this, the potential impact on/from TDD configuration has to be considered.
Observation#2: Requirement on eNB measurement depends on IM schemes. For CCIM, it may not need specification, while for other IM schemes, mechanism and signalling support need be specified.
Observation#3: Measurement signal selection depends on the dedicated time for eNB measurement and the accuracy requirement.

4. Conclusions
In this paper, we discussed the use cases for eNB measurement and also the possible specification impact of eNB measurement. Based on the discussions, we have the following observations:
Observation#1: eNB measurement is needed in all IM schemes.

Observation#2: Requirement on eNB measurement depends on IM schemes. For CCIM, it may not need specification, while for other IM schemes, mechanism and signalling support need be specified.

Observation#3: Measurement signal selection depends on the dedicated time for eNB measurement and the accuracy requirement.
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