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1 Introduction

In last meeting, there have been hot discussions on eNB measurement and some agreements achieved as below:


Agreement:

· Backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA
· Working assumption that New backhaul signaling capturing eNB-to-eNB interference is to be introduced 

· To be confirmed if gains are shown by evaluations in following meeting(s)
· FFS on the detailed contents of the information on eNB-to-eNB interference
· Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to:
· impose mandatory behaviour in the receiving eNB 

· impose new requirements on the accuracy of eNB measurements (unless shown to be beneficial)
· impose new architecture for LTE 

Note that this does not preclude consideration in RAN1 of any feedback from RAN4.


In addition, the scheme of power management is under consideration as working assumption:

Working assumption:

· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations:

· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechansim could be different between a flexible subframe and a fixed subframe

· Details of subframe-type dependent power control is FFS 

· Companies are encouraged to bring detailed proposals and performance evaluations in the next meeting. 

· Email discussion on evaluation assumptions by April 26  (Eric Eriksson, Ericsson)

In this contribution, we will analyze the eNB/UE measurement and power management, give our proposals as well.

2 Discussion
2.1 eNB measurement
Because of unaligned TDD UL/DL configuration, interference of DL-to-UL (eNB-to-eNB) becomes one critical problem. There have been several schemes of interference mitigation submitted and under discussion.  During the discussion it is also found out the backhaul signalling should be enhanced. In addition, interference should be the important information conveyed in the enhanced backhaul signalling exchange.

From our view，two significant points should be considered in the following discussions on eNB measurement. The first one is how to measure interference among eNBs, and the second one is what to be considered to enhance backhaul signalling. 

2.1.1 How to measure interference
In order to measure the eNB interference caused by unaligned TDD UL/DL configuration, ideal methods should meet requirements including ability to distinguish interference from different eNBs and minimizing spec impact etc. it is natural to think of CSI-IM introduced in CoMP. CSI-IM resources of a cell facilitate UEs measuring interference from different cells in CoMP measurement. In principle, this method is also applicable for an eNB, where it acts like a UE to measure other cells’ interference in its configured CSI-IM resources. By doing so, we can differentiate cells in eIMTA interference measurement and minimize the spec impact.
Proposal 1: It should be considered to utilize legacy method of CSI-IM of CoMP to measure eNB interference in eIMTA.

Another question is if subframes should be defined into different measurement sets. This is initiated from the subframes with fixed or flexible uplink or downlink direction. For those fixed direction subframes, like subframe numbered #0,#1,#2 and #5, interference on them is not affected by eIMTA operation. However, for those flexible direction subframes, the situation is different and interference would become more fluctuated. The eIMTA interference of DL-to-UL (between eNBs) and UL-to-DL (between UEs) will be dynamic with changing subframe direction. To make measurement results more accurate, eNBs should take carefully to set the CSI-IM resource configuration to cover all interesting cells and measure downlink interference from other cells in its own uplink subframes. This means that not all flexible subframes can be used to measure.
Proposal 2: Subframes should be defined into different measurement sets according to fixed or flexible direction. For interference measurement on flexible subframes, eNBs should measure other cells’ downlink interference signal in its own uplink subframes.
2.1.2 Backhaul signaling enhancement
Backhaul signalling enhancement is beneficial for almost all schemes of eIMTA interference mitigation. For example, CCIM schemes need TDD configuration and coupling loss information to make cluster and update cluster’s TDD configuration. In SDIM, one cell needs to adjust its scheduling or power when it gets enough interference measurement information among its neighbour cells.  If eICIC/FeICIC scheme adopted in eIMTA, the interfering cell should get report of victim cell’s interference and then decide which subframe should be considered as ABS etc. Even for ISIM scheme, it is beneficial to enhance backhaul as well. For one eNB with advanced receiver for interference suppression, detailed interference information from different eNBs on certain subframes or/even PRBs should be necessary. Again, given that interference of UL-to-DL (UEs-to-UEs) is also under consideration, the measurement result of UEs in one cell should also be communicated with other cells.  Based on these analyses, for information conveyed in backhaul signalling, we propose:
Proposal 3: Information conveyed by enhanced backhaul signalling should at least include TDD U/D configuration, location of subframes measured and measurement results in eNB measurement, and UE-to-UE interference measurement results.
For eNB backhaul signalling, another question is when to transfer its information to its neighbouring cells. Two modes can be considered: periodic or aperiodic report. From our view, based on information contents or types, different report modes should be considered. For those interference measurement results below one certain threshold, it is not necessary to report to other cells because the cell itself can cope with the interference or is able to tolerate it. Therefore, only when interference become more deteriorated and is above a threshold, the cell would be triggered to report the interference information to its neighbouring cells. For other information like TDD U/D configuration, we think the situation is same and that report trigger should be considered only when the configuration is updated.  However, given that there is still no conclusion that what information will be included in enhanced backhaul signalling, we can not exclude the period report mode now.  

Proposal 4: Periodic and aperiodic (event-trigged) report modes should be considered in information exchange in enhanced backhaul signaling. At least aperiodic mode should be supported.

Then another problem is what interface used to convey backhaul signaling. It seems very natural to use X2 interface to convey backhaul signaling. However, eIMTA scenarios include both macro-pico and macor-femto scenarios. For X2 interface support, there is no problem for macro-pico case, but it becomes difficult for macro-femto case. Moreover, another point to consider is the X2 latency, which may become bottleneck. For example, it is possible that measurement results are exchanged frequently and quickly among cells in a level that may exceed X2 latency capability.  We suggest considering these questions in following discussions.
Proposal 5: X2 interface should be considered to convey backhaul signalling if available. FFS for eIMTA scenarios without X2 interface. And FFS if X2 latency would be bottleneck in some cases. 
2.2 UE measurement
Another significant interference comes from UE-to-UE. In eIMTA scenarios, the downlink UEs possibly receive signals from their serving cells, interference from UEs of other cells with unaligned TDD U/D configuration, and interference from other neighbouring cells with same  TDD U/D configuration. 
To utilize suitable mitigation schemes, it is necessary for cells to get accurate interference information. Such interference information can be got by UE measurement. For UE measurement, one question is what resources, such signal or channel, can be used to measure. To effectively identify the interference coming from which UE, SRS seems applicable. One UE’s SRS can be configured specifically. For one UE to identify the interference from its interesting UEs with different TDD U/D configuration, it can measure those UEs’ SRS signal strength. Doing so, the interference can be identified reliably. But this method obviously would bring UE complexity. Because the number of potential UEs to be measured could be very huge, one UE would pay too much effort to get all these UEs’ measurement results. So from our view, SRS method should be excluded. 

Then another method is to use the CSI resources. This method is similar with that used in eNB interference measurement discussed above in this contribution. For one UE, this method is also simple to operate. One cell’s serving UEs use CSI-IM resources to measure interference from other UEs. Nevertheless, different from SRS configuration, which can be UE specific and able to differentiate different UEs, the interference measured in CSI-IM resource will probably include interference from all UEs and even other neighbouring cells. So other complimentary ways should be considered to identify interference among UEs.
Proposal 6: CSI-IM resources can be considered in UE measurement. FFS how other complimentary ways should be used to identify interference among UEs.
2.3 Power management
Power management including eNB power allocation and UE power control has been discussed in latest meetings as candidates for mitigating interference. Its principle is to decrease cell’s downlink power and/or increase UEs’ uplink power to cope with interference caused by unaligned TDD U/D configuration.

As pointed in our previous contribution [2], although it is a valid scheme in many situations, there are some limitations itself. 

First one, power adjusting such as increase cell’s downlink power should be carefully considered with cell coverage impact. It is especially important for macro cells because they normally undertake the coverage task of wide area. The dynamic power allocation change in a subframe level, such as increasing its power in certain subframes, would possible impact its coverage area and cause unexpected results like breath effect. From our view, eNB power allocation as a scheme to mitigate eIMTA interference is not applicable for macro cells. 
The second problem is about UE power control. Increasing some UEs’ power would possibly cause severer interference to other UEs with unaligned TDD UL/DL configuration. This is not our expectation if UE-to-UE interference would also be taken into account when we consider the eNB-to-eNB interference. Furthermore, another concern is about those UEs at cell edge region, maybe there is not enough power headroom for them to increase power further. 
Observation 1: Dynamic power adjusting is not applicable for macro cell undertaking coverage task of wide area; UE power increasing may affect ue-to-ue interference; UE power increasing is not applicable for UEs at cell edge where there is no more power headroom to increase their power further.

So actually, we consider power management is not a full-function scheme to mitigate eIMTA interference. We propose it should be applied under consideration of above observations and combined with other schemes to deal with eIMTA interference.

Proposal 7： Power management，including eNB power allocation and UE power control， should be applied under consideration of above observations and combined with other schemes to deal with eIMTA interference.

3 Conclusion
In this contribution, we analyzed eNB measurement including backhaul enhancement, UE measurement and power management for eIMTA interference mitigation. Our proposals and observation are summarized as follows:
Proposal 1: It should be considered to utilize legacy method of CSI-IM of CoMP to measure eNB interference in eIMTA.

Proposal 2: Subframes should be defined into different measurement sets according to fixed or flexible direction. For interference measurement on flexible subframes, eNBs should measure other cells’ downlink interference signal in its own uplink subframes.

Proposal 3: Information conveyed by enhanced backhaul signalling should at least include TDD U/D configuration, location of subframes measured and measurement results in eNB measurement, and UE-to-UE interference measurement results.

Proposal 4: Periodic and aperiodic (event-trigged) report modes should be considered in information exchange in enhanced backhaul signaling. At least aperiodic mode should be supported.

Proposal 5: X2 interface should be considered to convey backhaul signalling if available. FFS for eIMTA scenarios without X2 interface. And FFS if X2 latency would be bottleneck in some cases. 
Proposal 6: CSI-IM resources can be considered in UE measurement. FFS how other complimentary ways should be used to identify interference among UEs.
Observation 1: Dynamic power adjusting is not applicable for macro cell undertaking coverage task of wide area; UE power increasing may affect ue-to-ue interference; UE power increasing is not applicable for UEs at cell edge where there is no more power headroom to increase their power further.

Proposal 7： Power management，including eNB power allocation and UE power control， should be applied under consideration of above observations and combined with other schemes to deal with eIMTA interference.
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