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1. Introduction
In the last several RAN1 meetings, power imbalance was identified as an issue to be addressed in Rel-11. In [1], [2], [3], a deployment with interleaved antenna ports was examined, and it was identified that the current MIMO specifications may not work well in such a case. It was noted that power imbalance between Tx points or transmit ports may result in rank adaptation issues as shown in RAN1 #66[2]. 
However, this issue not only affects single-cell MIMO but also CoMP operation. Several companies presented some solutions for the problem of power imbalance. [4] proposed some candidate schemes for rank adaptation in real-life deployment. [5] proposed that new mechanism based on CSI-RS for path loss measurement should be introduced in Rel-11, and CSI-RS based UL power control can also be considered in Rel-11 for non-uniform networks. The results presented in [6] showed that power difference between different transmit points would greatly impact the throughput of a distributed antenna system. [7], [8], [9], [10], [11] proposed that a CSI-RS allocation and configuration scheme which allows flexible TPs subset selection needs to be studied for geographically separated antennas.
In RAN1#67, [12] presented one enhanced codebook which can capture power imbalance among multiple CSI-RS resources and polarization direction of each CSI-RS resource. [13] showed that for both per-point feedback and aggregated feedback, global CoMP JT precoding will suffer from power imbalance as a result of the different channel conditions for multiple geographically TPs, and dynamic TP selection is also affected.
[14] provided some analysis on the issues caused by mapping CRS or one CSI-RS pattern to geographically separated antennas, and pointed out that the possible approach is to modify the existing codebook by using the RSRP reports to compensate for power imbalance. [15] and [16] considered that CSI-RS based measurement will be studied in the future. [17] and [18] discussed the problem of CoMP measurement, where enhanced RRC signaling of CSI measurement was considered.

In this contribution, we will discuss three alternatives which can potentially resolve the power imbalance issue in CoMP systems.
2. Possible approach for solving power imbalance
There are three possible approaches for dealing the problem of power imbalance among different transmit point or antenna ports:

1) Difference in Received Signal Strength between TPs  - 
2) Enhanced CQI definition;

3) Enhanced Codebook.

2.1. Difference in Received Signal Strength between TPs 
In a CoMP system, the CSI information of multiple points is necessary on the network side.  The difference in received signal strength between multiple points needs to be taken into consideration in the precoding to minimize cross-antenna interference from multiple points.   The UE could report the difference in received signal strength between TPs directly or the received signal strength of each TP (RSRP).    The existing RSRP measurement is based on CRS. Thus, the existing RSRP measurement can only provide inter-TP amplitude information for CoMP scenarios 1~ 3. For CoMP scenario 4, the RSRP measurement would need to be parameterized in terms of CSI-RS resources and not cell-IDs. 
Proposal 1:  

To provide inter-TP long-term amplitude information,  the difference of received signal strength between TPs or received signal strength of each TP in the CoMP configuration should be fed back.  An enhanced RSRP definition which is CSI-RS specific should be considered to be generalized for CSI-RS source transmitted from TPs with same or different cell ID
As an example shown in Fig. 1, cell 1 has a group of geographically separated antenna ports with the same cell ID, and cell 2 has a group collocated antenna ports. In cell 2, one RSRP is enough because the antenna ports are co-located. While in cell 1, to get the RSRP information of different transmit points or ports, multiple RSRP measurements are necessary. 
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Fig. 1 The multiple CSI-RS allocation in different cells
2.2. Enhanced CQI

An alternative scheme to deal with the power imbalance is by the per-CSI-RS-resource CQI feedback. 

As an example, the common CQI framework [19] in Fig.2 is given to explain how to solve the power imbalance according to per-CSI-RS feedback CQI.  
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Fig. 2 Common CQI framework: Two-stage CQI feedback

As shown in Fig. 2, for each UE, only one long-term-wideband CQI is fed back to the selected CSI-RS-resource in stage 1. In stage 2, the additional individual per-CSI-RS-resource short-term-narrowband CQI values could be fed back differentially with respect to the above feedback long-term-wideband CQI or the per-CSI-RS-resource long-term-wideband CQI. 

If the selected reference CQI is per-CSI-RS-resource long-term-wideband CQI, it indicates that the network side could estimate the baseline information relative to the unselected CSI-RS-resources based on the uplink/downlink reciprocity. 

Then, the network side could know differential CQIs with respect to some long-term-wideband CQI by the two-stage CQI feedback. More detailed information can be found in [19]. 

Therefore, the network side could use the reconstructed per-CSI-RS-resource or feedback differentially CQIs to deal with the problem of the power imbalance. To make sure the network side can use more accurate per-CSI-RS-resource CQI to evaluate the problem of power imbalance, it is recommended that the UEs only consider the interference outside the CoMP measurement set in the calculation of the feedback CQI.   

The advantage of using CQI feedback to solve power imbalance is that no additional feedback information is required so that the feedback overhead could be saved.
Proposal 2:

· To deal with the problem of power imbalance, differential CQI feedback should be considered.
2.3. Enhanced codebook

An enhanced codebook can also be considered as one possible solution for power imbalance. As in [12], a two-stage concatenated codebook design and feedback method was considered for geographically-separated antennas or TPs. In the codebook design scheme, long-term average power imbalance among multiple CSI-RS resources and polarization direction of each CSI-RS resource can be captured in long-term and/or wideband feedback of W1, and short-term and/or subband feedback of W2 can further depict any amplitude and phase adjustment between different polarizations or different CSI-RS resources. The detailed description of codebook parameters can be referred to [12], where it is noted that assembling per-CSI-RS-resource feedback in this way in fact results in forming the aggregate feedback matrix for all the CSI-RS resources. 
Such feedback can be flexibly adapted to any desired numbers of TPs in the cooperating set to emulate the effect of global or local precoding. The feedback overhead can be controlled to a reasonable level by using the two-stage feedback method already introduced for 8 tx in Rel-10.
Proposal 4:

·  In per-CSI-feedback, an enhanced two-stage codebook design which can capture power imbalance should be considered.
3. Conclusions
In this contribution, we discussed potential approaches for dealing with the problem of power imbalance. The following are our proposals for further consideration:
Proposal 1:  

To provide inter-TP long-term amplitude information, the difference of received signal strength between TPs or received signal strength of each TP in the CoMP configuration should be fed back.  An enhanced RSRP definition which is CSI-RS specific should be considered to be generalized for CSI-RS source transmitted from TPs with same or different cell ID.
Proposal 2:

To deal with the problem of power imbalance, differential CQI feedback should be considered.
Proposal 3:

 In per-CSI-feedback, an enhanced two-stage codebook design which can capture power imbalance should be considered.
Further analysis is required to identify which is the best method to provide the inter-CSI-RS-resource amplitude difference feedback to the network. 
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