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1 Introduction

The WID on enhanced signaling for inter-eNB CoMP was approved in RAN#64 [1]. The objective of the WI is as follows:
“RAN WG3 specifies the following signaling for enhanced support of inter-eNB CoMP taking into account limitations of existing X2 interface.

· Enhanced RNTP signaling between eNBs 

· Information granularity of the Enhanced RNTP is extended to the frequency/time domain

· ….

· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB

· Necessary granularity of transmit power threshold and levels: same set as the current RNTP 
In the RAN3 meeting #87bis, the agreed Way Forward in [2] indicates the following topics for discussion:
· “Addition of SFN and Subframe number as part of the Enhanced RNTP information

· Addition of multiple thresholds or indication of high transmission power as part of the Enhanced RNTP information

· Optional use of a single threshold for the Enhanced RNTP

In the same time, contributions like [3] provided an interesting view of some benefits of coupling between eRNTP usage and CoMP Hypothesis.
We focus this contribution on the interaction between the eRNTP and CoMP Hypothesis and propose a semantics focused on alignment between the two.
Interaction between eRNTP and CoMP Hypothesis

Distributed approach
In the distributed approach the CoMP Hypothesis sent by different eNB will always have non-convergent requirements for protection, as each eNB want to use protected resources for its cell-edge users while the asked eNB wants to have its cell edge users protected by all other interfering cells.

At the end, for 3 cells:

· Cell 1 asks cell 2 and cell 3 to protect resource 1

· Cell 2 asks cell 3 and cell 1 to protect resource 2

· Cell 3 asks cell 1 and cell 2 to protect resource 3.

As result:

· Cell 1 has to stop its activity in resources 2 and 3

· Cell 2 has to stop its activities in resources 1 and 3
· Cell 3 has to stop its activity in resources 1 and 2.

However the cell margin is in fact an area which may serve a traffic which depends, in average, on the covered area..

For example, considering users to be protected at distances higher than 0.8R, it results an area of 0.36*π*R2. If we consider the traffic proportional with the cell area, a resource will be proportional with 0.36*π*R2 and two blanked resources proportional with 0.72*π*R2, leaving not enough resources for the operating cell.
Observation 1: In case of 3 interfering cells, the penalty for protecting one resource is to stop operation in two resources of the interfering cells , not leaving enough resources for one cell operation.
Observation 2: In average, a cell cannot satisfy all the requests for protected resources, as they come into contradiction with its own need for operational resources.
Based on the actual used resources, a cell will send out an eRNTP information message to the interfering cells. The other cells will request larger protected resources through COMP Hypothesis. The cell will adjust resources and respond with an adjusted eRNTP allocation. The other cells may request again more resources with CoMP Hypothesis and so on.
Figure 1 illustrates the interactive process.
Centralized approach

In the centralized approach, the central resource manager will start by transmitting the CoMP Hypothesis, which is mandatory to be implemented as transmitted and does not indicate any power levels for the protection threshold, so the target eNBs are free to select any power level providing protection or the power levels are configured by O&M.

In case of power level configured by O&M there is no need to use eRNTP between the eNBs of the same Operator, however is needed to be used between eNBs belonging to different Operators.

In case of power level chosen by eNB, eRNTP should be used for reporting the power levels of the actual transmissions. By sending a new CoMP Hypothesis, and in the assumption that the power can be either zero or maximum, a Central coordinator can control the power level of the target eNB. In this case the eRNTP is used similarly with the Distributed case.

Observation 3: In centralized approach the CoMP Hypothesis is mandatory to be implemented by the target eNBs. Providing a feedback to CoMP Hypothesis is not needed.

Observation 4: If the power levels are configured by O&M, there is no need to use eRNTP between eNBs of the same Operator, but eRNTP is needed between eNBs deployed by different Operators.

Observation 5: If the eNB can chose only two power levels (protection and maximum), eRNTP is used similarly with the Distributed case of Interactive negotiation process.
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Figure 1   Example of interaction between eRNTP and CoMP Hypothesis
Protection mechanisms
Protection by limiting the power or the activity

This is a well understood mechanism already used with ABS.

Protection by beamforming

Based on the previous discussions in RAN3, beamforming is a feature which can replace the power approach for the protection of an entire cell.
Beamforming cannot be achieved independent of the knowledge of the channel matrix between each antenna of an eNB to each individual antenna of an UE in the coverage area, the UE not being served by the eNB. 

As for today, there are no standard procedures for the assessment of the channel matrix between the UE’s antennas and the interfering eNB antennas.

In this situation, the protection by beam-forming cannot be an argument in choosing solutions for standardization in RAN3.

Observation 6: The protection for resources interfered by a cell requires the knowledge of the channel matrix between all the UE antennas and all the interfering cell antennas.
Conclusion 1: Being no standardized procedures for the assessment of the channel matrix between the UE’s antennas and the interfering eNB antennas, the protection by beam-forming cannot be an argument in choosing solutions for standardization in RAN3.

Principles for the definition of the proposed semantics

While multiple power thresholds were proposed by a number of contributions (see [4], [5]), the 2 bit coding may introduce complexity on matching between the eRNTP coding and the coding of the CoMP Hypothesis.

In this contribution we propose a semantics retaining some elements of the semantics used for CoMP Hypothesis:
· Similar structure with the CoMP Hypothesis, 1 bit per time/frequency resource 

· “1” indicates potentially interfering transmission

· “0” indicates protected resource

· Optional power thresholds:

· Low Power level/threshold used for protection or in case of lack of traffic;

· Power level/threshold used for traffic; 
· A start frame and subframe for defining the moment when a new eRNTP was applied; this information can serve for correlating the eRNTP with CoMP Hypothesis, CSI reporting, etc.
· Periodicity information, for reducing the overheads when up-dating the eRNTP information for different types of traffic; for example 10 subframes for data, 20 or 40 subframes for video, etc.
Conclusion 2: The coding of the eRNTP should be similar with the coding of the CoMP Hypothesis, i.e. 1 bit/resource, where “1” indicates “potentially interfering transmission”
Conclusion 3: Given that the power thresholds may be either not relevant for protection or already known for small cells within an Operator network, in some cases may be not needed to emphasise them, such that the power levels should be “optional”

Conclusion 4: A start frame and subframe for defining the moment when a new eRNTP was applied is needed; this information can serve for correlating the eRNTP with CoMP Hypothesis, CSI reporting, etc.
Conclusion 5: The periodicity information is beneficial for reducing the overhead.
Conclusions

In this contribution we derived the following observations and conclusions:
Observation 1: In distributed approach, for 3 interfering cells, the penalty for protecting one resource is to stop operation in two resources of the interfering cells, not leaving enough resources for one cell operation.
Observation 2: In distributed approach, in average, a cell cannot satisfy all the requests for protected resources, as they come into contradiction with its own need for operational resources.

Observation 3: In centralized approach the CoMP Hypothesis is mandatory to be implemented by the target eNBs. Providing a feedback to CoMP Hypothesis is not needed.

Observation 4: If the power levels are configured by O&M, there is no need to use eRNTP between eNBs of the same Operator, but eRNTP is needed between eNBs deployed by different Operators.

Observation 5: If the eNB can chose only two power levels (protection and maximum), eRNTP is used similarly with the Distributed case of Interactive negotiation process.
Observation 6: The protection for resources interfered by a cell requires the knowledge of the channel matrix between all the UE antennas and all the interfering cell antennas.
Conclusion 1: The coding of the eRNTP should be similar with the coding of the CoMP Hypothesis, i.e. 1 bit/resource, where “1” indicates “potentially interfering transmission”
Conclusion 2: Given that the power thresholds may be either not relevant for protection or already known for small cells within an Operator network, in some cases may be not needed to emphasise them, such that the power levels should be “optional”

Conclusion 3: •
A start frame and subframe for defining the moment when a new eRNTP was applied is needed; this information can serve for correlating the eRNTP with CoMP Hypothesis, CSI reporting, etc.
Conclusion 4: The periodicity information is beneficial for reducing the overhead.
Conclusion 5: Being no standardized procedures for the assessment of the channel matrix between the UE’s antennas and the interfering eNB antennas, the protection by beam-forming cannot be an argument in choosing solutions for standardization in RAN3.
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