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1 Introduction
In 3GPP RAN1 #66b meeting, a working assumption for CSI feedback to support DL CoMP was agreed:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.
· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources
· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback
In particular, the CSI feedback for CoMP using at least per-CSI-RS-resource feedback has been agreed in 3GPP RAN1 #67 meeting. So the other feedback schemes mentioned above need more evaluations and discussions. In this contribution, we will focus on the design of inter-CSI-RS feedback structure.
2 Inter-CSI-RS-resource feedback
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Figure 1: Per-CSI-RS-resource feedback with complementary inter-CSI-RS-resource feedback for DL CoMP. Three CSI-RS-resources with rank-1 transmission are considered for DL CoMP in this figure.
As pointed out in [1]-[7], per-CSI-RS-resource based feedback is more flexible for application without restrictions therefore it has been considered as a baseline for feedback in Rel-11 CoMP [8]. In CoMP coherent JT, the complementary inter-CSI-RS-resource feedback across all CSI-RS resources within the cooperating set as shown in Figure 1 in general is considered to enhance the performance at the expense of additional feedback overhead [2], [3], [5]-[7].
To improve the CoMP coherent JT performance without considerable additional feedback overhead, a simple and efficient method is to take the ‘phase’ and ‘amplitude’ information into account for the design of inter-CSI-RS-resource feedback information [6], [7]. Specifically, the phase information could be used for coherent combining the signal transmitted from the CSI-RS resources, and amplitude information could be used for power balancing [6], [7] across the multiple CSI-RS resources. So the phase and/or amplitude information should be measured at the UEs and then quantized/reported to eNB based on a pre-determined codebook.
Proposal 1: Inter-CSI-RS-resource feedback should be considered for Rel-11 DL CoMP to further enhance the performance, and the phase and amplitude information of inter-CSI-RS-resource feedback for coherent combining and power balancing should be taken into account.

3 Precoding structure for inter-CSI-RS-resource feedback

Specifically, the amplitude or power level (e.g. pathloss and shadowing of the channel) of each CSI-RS resource is a long-term/wideband channel statistic which means that it varies very slowly in time and/or frequency such that it does not need to be reported/updated frequently as fast as the short-term/subband channel statistic (e.g. per-CSI-RS-resource precoding and phase information across the multiple CSI-RS resources). Based on this observation, it is suggested by [6] that the inter-CSI-RS-resource amplitude and phase feedback information should be split into long-term/wideband and short-term/subband feedback mechanisms, that is, the inter-CSI-RS-resource amplitude information should be reported in a ‘long-term/wideband’ feedback manner and the inter-CSI-RS-resource phase information should be reported in a ‘short-term/subband’ feedback manner.
Proposal 2: Inter-CSI-RS-resource amplitude and phase feedback information should be split into the long-term/wideband and short-term/subband feedback, respectively.
3.1 Overall precoding structure
To further reduce the feedback overhead, the inter-CSI-RS-resource ‘phase’ information should be reported with the same rate as that of the individual per-CSI-RS-resource feedback for coherent combining for the short-term/subband channel variation; the inter-CSI-RS-resource ‘amplitude’ and/or ‘channel covariance’ information should be reported with a rate lower than that of the per-CSI-RS-resource feedback for power balancing and/or matching the spatial covariance for the long-term wideband channel variation. In this case, the overall precoding matrix W could then be expressed in a ‘dual-structure’ form in terms of the channel variation to meet the design principle of Rel-10 8-Tx codebook for DL MIMO which is characterized by a dual-codebook structure [9], [10]:
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where W1 and W2 are the long-term/wideband and short-term/subband precoding matrices, respectively. Specifically, W1 and W2 can be represented as:
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where G1 and G2 are respectively the inter-CSI-RS-resource amplitude (or amplitude and polarization) and phase precoding matrices targeting on the long-term/wideband and short-term/subband channel variations, and 
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 is the overall per-CSI-RS-resource precoding matrix concatenating the NP CSI-RS resources, with Vi being the individual per-CSI-RS-resource precoding matrix.
3.2 Long-term/wideband precoding structure
· Inter-CSI-RS-resource amplitude matrix G1 for power balancing between the CSI-RS resources: The inter-CSI-RS-resource amplitude information should be a ratio w.r.t. the amplitude/power level of the reference CSI-RS-resource. Without loss of generality, assuming that the CSI-RS-resource#0 is the reference CSI-RS-resource, with first normalizing ai by a0 (i.e. 
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which is a diagonal matrix, with each entry of it containing the amplitude or power ratio information 
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 could be quantized by 1 (or 2) bit, that is:


[image: image9.wmf]{

}

9

.

0

,

6

.

0

:

for 

Codebook 

1

=

i

a

 

G


(4)

Assume that the reference CSI-RS-resource could be the CSI-RS-resource having the largest amplitude, power, CQI, RSRP, or RSRQ within the cooperating set. In this case, 
[image: image10.wmf]i

a

 can be upper bounded by 1 and only 
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, need to be determined and reported to further reduce the feedback overhead. It is noticed that for DL precoding, in fact, the transmit amplitude at the ith CSI-RS-resource 
[image: image13.wmf]i

a

 should be normalized such that the total transmit power across CSI-RS-resources could satisfy the transmit power constraint 
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is the normalized transmit amplitude at the ith CSI-RS-resource.

· Inter-CSI-RS-resource polarization matrix G1 for matching the spatial covariance of the dual-polarized antenna setup with any spacing for ‘8-Tx’ dual-polarized antennas at each of points [10]: Without loss of generality, assuming again that CSI-RS-resource#0 is the reference CSI-RS-resource, the overall inter-CSI-RS-resource polarization matrix across the 3 CSI-RS resources can be expressed as [10]:
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which is a block diagonal matrix, where 
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 is the qith polarization matrix of the codebook at the ith CSI-RS-resource and 
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 is the qith polarization direction matrix at the ith CSI-RS-resource constructed by 4 adjacent overlapping beams to reduce the effect in frequency-selective precoding [10]. In particular, the matrix 
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 could be rewritten as follows:
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where A is the ‘long-term’ amplitude matrix for polarization antenna given in (3), and 
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 is the overall ‘long-term’ polarization matrix concatenating 3 CSI-RS resources when the dual-polarized antenna is used at each of CSI-RS resources:
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It is also noticed that from above derivations it is easy to obtain the inter-CSI-RS-resource polarization matrix 
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 when ‘4-Tx’ dual-polarized antennas are used at each CSI-RS-resource. In this case, 
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 described above will be characterized by 16 2-Tx DFT beams (oversample 8x) [9], [10].
3.3 Short-term/subband precoding structure
· Inter-CSI-RS-resource phase matrix G2 for coherent combining: Without loss of generality, assuming again that CSI-RS-resource#0 is the reference CSI-RS-resource (i.e. (0 = 0), we have:
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which is also a diagonal matrix, with each entry of it containing the phase information (i = 2(bi, where bi could be quantized by 3 bits, that is:
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Finally, it is noticed that for the feedback of long-term/wideband information, 
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 could thus be reported using the same feedback period, and for the feedback of short-term/subband information, bi and Vi could be reported using the same feedback period.
Proposal 3: Precoding for Rel-11 DL CoMP should be implemented in a dual-structure form

· Long-term/wideband part: Inter-CSI-RS-resource amplitude matrix and inter-CSI-RS-resource polarization matrix
· Short-term/subband part: Per-CSI-RS-resource precoding matrix and inter-CSI-RS-resource phase matrix

4 Conclusion
Based on the discussion mentioned above, it is proposed that:
Proposal 1: Inter-CSI-RS-resource feedback should be considered for Rel-11 DL CoMP to further enhance the performance, and the phase and amplitude information of inter-CSI-RS-resource feedback for coherent combining and power balancing should be taken into account.
Proposal 2: Inter-CSI-RS-resource amplitude and phase feedback information should be split into the long-term/wideband and short-term/subband feedback, respectively.
Proposal 3: Precoding for Rel-11 DL CoMP should be implemented in a dual-structure form

· Long-term/wideband part: Inter-CSI-RS-resource amplitude matrix and inter-CSI-RS-resource polarization matrix
· Short-term/subband part: Per-CSI-RS-resource precoding matrix and inter-CSI-RS-resource phase matrix
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