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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.

· Signaling of one or more sets of CSI information (RI, CQI) of a set of UEs 

· Signaling period
· …..
· Per CSI process per subband per UE per cell (1 subband = 6 RBs)

· 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 

· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resource.”
In RAN3 meeting #85bis was decided that (see ‎[2]) that:

“eRNTP will be conveyed via the LOAD INFORMATION message”
“It is agreed as a working assumption that CSI information is delivered through the RESOURCE STATUS UPDATE message”.
In the same meeting were discussed a number of contributions, stating the complexity related to the possible combinations of ZP CSI and NZP CSI in different cells and it was proposed to limit the number of CSI processes per cell. Specifically in ‎[3] is proposed that:

“It is proposed to agree to a CSI measurement reporting solution that confines the number of considered interfering cells for each cell to a value that avoids over the air signalling surges and increased complexity. It is proposed to support a solution that adopts a maximum of 3 CSI-IMs per cell”. 
In this contribution we analyse the CSI processes and the eeRNTP use, providing more details as compared with ‎[4].  
It results that there is a relation between the number of CSI processes and the RNTP coding.

CSI Process

Based on TS 36.300 ‎[5], “Each CSI process defines the CSI measurement associated with one non-zero power CSI-RS resource and one CSI-IM resource.”  This definition refers to the serving cell of the UE.
The NZP CSI-RS are used to measure the signal + interference. The UE assumes that the CSI-RS transmission power in a sub-frame is identical for all CSI-RSs (36.213 ‎[6] section 7.2.5) used in a process. Even more, in 36.213 ‎[6] section 5.2 is said:

“If CSI-RS is configured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes for each CSI-RS resource.”
Observation 1: No CSI-RS differentiation based on transmission power exists per PRB or per subband or per subframe within the same CSI process!
The ZP CSI-RSs together with the CSI-IM measurement resource are used by UE for assessing the interference. Based on the power measurements on both NZP and ZP CSI-RS transmissions, the UE reports the CSI.
The CSI may be reported per subband, i.e. for assessing CQI, RI are used only the CSI-RSs relevant for a specific subband.

While the actual data is transmitted, the transmission power is dependent on the time-frequency resource, however the NZP CSI-RS is not able to reproduce the transmission power per PRB or per subband within the same CSI process.
This affirmation is also supported by the text in TS 36.331, indicating that a CSI Process is characterized not only by a CSI-IM configuration, but also by the power component p-C, defined in section 7.2.5 of 36.213 ‎[6], by the following text:

“UE assumption on reference PDSCH transmitted power for CSI feedback 
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 for each CSI process, if the UE is configured in transmission mode 10. If CSI subframe sets 
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 are configured by higher layers for a CSI process,
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 is configured for each CSI subframe set of the CSI process. “

From the above text it results that for each level of the DL data transmitting power is needed a different CSI process configuration.
Observation 2: A different CSI process is needed for each data transmission power.
The number of CSI-NZP resources per cell is limited, as resulting from 36.211 ‎[7]:

“Multiple CSI reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of CSI reference signals,

-
up to three configurations for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power. 

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.”

If the objective is to limit the number of CSI processes to 3 (CSI-NZP number of configurations is limited by 36.211 and the number of CSI-IM configurations is limited by the request in ‎[3]), the number of power levels used by eNB is limited to 3. Our simulations in RAN1, using 2 or 3 power levels, confirm that two power levels are indeed enough. This should influence the way in which the eRNTP is reported.
Observation 3: If the goal is to limit the number of CSI processes to 3, eRNTP cannot include more than 3 power levels.
Inter eNB coordination for CSI reporting in eeCoMP

We have found two aspects related to this process:

1. Coordination for assessing the Interference Sensitivity of a specific UE to the DL transmissions of the interfering eNB;
2. Reporting the achievable CQI/RI during data transmission.

Interference Sensitivity assessment

The following process can be followed for assessing the Interference sensitivity:
1. All but one non-serving eNB transmit CSI-RS with zero power (to assess the interference influence of a single eNB transmitting at maximum power) in the CSI-IM resource of a CSI process. This procedure should be applied for each one of the interfering eNB.
2. To assess the UE sensitivity to eNB interference, all the interfering cells shall use the same resources and the same power for transmitting of NZP-CSI-RP, so the CSI resource configuration and eNB power shall be included in a CSI Invoke message.
For achieving this, at least the following information should be transmitted to each of the collaborating cells:

· ECGI (9.2.14) Cell Identifier
Either: 
· resourceConfig and subframeConfig (see 36.331 ‎[8]) for NZP-CSI-RS (only to one cell)
· Transmission power
OR
· resourceConfig and subframeConfig (see 36.331‎[8]) for CSI-IM configuration
3. The Interference Sensitivity will be derived after ordering the CQI values (and eventually RI values); higher CQI (RI) means lower Interference Sensitivity of the UE to the transmissions of the interfering eNB.

4. For alleviating the wireless channel variations, some filtering should be applied to the CQI/RI reports, either by UE (preferred) or by the eNB.

Proposal 1: eeCoMP shall support the Interference Sensitivity assessment based on coordinated inter-cell CSI measurement.

Proposal 2: Same resource allocation and power shall be used in all participating cells for transmitting CSI.

Proposal 3: CSI reports should be filtered at eNB before transmission on X2.

CSI reporting

In ‎[3] was indicated that there should be avoided too many CSI processes.

In our understanding, once the UE Interference Sensitivity towards an eNB is known, an implementation should give a higher priority to those CSI reports which are affected by NEW transmissions with high power by an eNB towards the UE has high Interference Sensitivity.
For achieving this goal, the serving eNB of the UE should Invoke the Load Indication procedure for that eNB, such to receive the information on the used time-frequency resources with high power. In other words, when the interfering eNB starts to transmit with a power above a threshold or in a given range, the information regarding the time-frequency resources used in these transmissions should be sent to the interfered eNB.

The CSI Reports should be sent only in the cases that a eNB Tx power change has occurred relative to the previous reports and only for the time-frequency resources relevant to that change.
This approach will allow a drastic reduction of the CSI processes and frequency of reports.

Proposal 4: CSI Reports should be sent only in the cases that an eNB Tx power change has occurred relative to the previous reports and only for the time-frequency resources relevant to that change.
So limiting the number of CSI processes, which is anyway limited to 3 for NZP-CS-RS, implies on the number of handled values for DL power and on RNTP number of power levels (do not confuse with the resolution of each level).
Enhanced RNTP
Based on the above discussion, the eRNTP should include:

· The time-frequency repetitive pattern for which the transmitted power is:

· Lower than Level 1 or with low activity factor (protected resource); this includes the un-used resources.

· Between Level 1 and Level 2 (interfering status may differ from UE to UE)

· Higher than Level 2 (high interfering resource).

· Two power levels: Level 1 and Level 2;

· Validity of the Enhanced RNTP: until the next transmission;

Coding, Alternative 1 (for Macro eNBs)

This alternative works for those eNB which allocate the power per resource, independent of traffic. Such an approach may be used in Macro cells.

· First send the “promise” IE for all PRBs/subframes
· Coding: continuous string of PRBs in increased order of subframes or per subframe Min/Max PRB, 2 bit/PRB ( Power under Level 1, Power > Level 2, Power between Level 1 and Level 2, Power not guaranteed).
· The “promise” is eventually identified by a “promiseID”.
· The “promise” is valid until the next transmission.
· Secondly send the IE including the “actually used time-frequency resources” as a repetitive pattern. 
· Coding: continuous string of PRBs in increased order of subframes or per subframe Min/Max PRB, 1bit/PRB
· This information is valid until the next transmission.
Proposal 5: eRNTP could be presented first as a “promise” on the transmission power of resource usage with two power levels, followed by the “actually used resources”, the transmission power being that of the “promise”.
Coding, Alternative 2 (for Small Cells)

The use of resources and their transmission power depend on the UE traffic, its position in the cell, interference status.

The result is that no promise can be done, except for the “protected” resources.

· Send the IE including the “actually used time-frequency resources” as a repetitive pattern. 
· Coding: continuous string of PRBs in increased order of subframes or per subframe Min/Max PRB, 2 bit/PRB. The power is expressed as          (Power under Level 1, Power > Level 2, Power between Level 1 and Level 2, Power not guaranteed).
· This information is valid until the next transmission.
Proposal 6: eRNTP should be presented only as “power in actually used resources”.

Conclusions
Based on the analysis done in this contribution, the following observations and proposals were derived:

Observation 1: No CSI-RS differentiation based on transmission power exists per PRB or per subband or per subframe within the same CSI process!
Observation 2: A different CSI process is needed for each data transmission power.
Observation 3: If the goal is to limit the number of CSI processes to 3, eRNTP cannot include more than 3 power levels.
Proposal 1: eeCoMP shall support the Interference Sensitivity assessment based on coordinated inter-cell CSI measurement.

Proposal 2: Same resource allocation and power shall be used in all participating cells for transmitting CSI.

Proposal 3: CSI reports should be filtered at eNB before transmission on X2.
Proposal 4: Proposal 4:, CSI Reports should be sent only in the cases that an eNB Tx power change has occurred relative to the previous reports and only for the time-frequency resources relevant to that change.
Proposal 5: eRNTP could be presented first as a “promise” on the transmission power of resource usage with two power levels, followed by the “actually used resources”, the transmission power being that of the “promise”.
Proposal 6: eRNTP should be presented only as “power in actually used resources”.
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