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1 Introduction

In 3GPP RAN #66bis meeting, a working assumption was achieved to 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 this contribution, we analyze the performance and benefits of aggregated and per-CSI-RS-resource feedback and propose a common feedback framework, which is composed of feedback aggregated across multiple CSI-RS resources, per-CSI-RS-resource feedback, and inter-CSI-RS-resource feedback. 
2 Per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback
In [1]

 REF _Ref307999977 \r \h 
[2], simulation results show that coherent JT provides significant gains over single point transmission. In [3]

 REF _Ref307999984 \r \h 
[4], we analyzed the benefits of inter-CSI-RS-resource feedback for coherent JT. Simulation results show that inter-CSI-RS-resource feedback is necessary for JT. In this section, we summarize two potential feedback methods for per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback. 
We describe a JT precoder 
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We will give more details about the two matrices 
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 used for per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback in the following.
Method 1:

UE reports PMI for each CSI-RS-resource, and inter-CSI-RS-resource information W between each CSI-RS-resource and a phase-reference CSI-RS-resource. In this method, Rel-10 PMI feedback mechanism or any enhanced single CSI-RS-resource feedback [5] in Rel-11 could be reused, and the inter-CSI-RS-resource information (W) could be selected from a well-designed codebook such as a constellation codebook. 

The precoder for coherent JT can be represented as: 
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Where Pi (i=1.., K) is the precoding matrix corresponding to the PMI of the i-th CSI-RS-resource, 
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 (i=2..,K) is the inter-CSI-RS-resource information between i-th CSI-RS-resource and phase-reference CSI-RS-resource, where the first CSI-RS-resource is defined as the phase-reference CSI-RS-resource.
Method 2:

UE reports PMI for phase-reference CSI-RS-resource, and reports long-term covariance matrix R and short-term subband inter-CSI-RS-resource information between each CSI-RS-resource and a phase-reference CSI-RS-resource The inter-CSI-RS-resource information W could be selected from a well-designed codebook such as constellation codebook. 

The precoder for coherent JT can be represented as
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Where 
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. P1 is the precoding matrix corresponding to the PMI of the first CSI-RS-resource (the first CSI-RS-resource is defined as the phase-reference CSI-RS-resource), Vi (i=2.., K) is eigenvector of long-term covariance matrix Ri of the i-th CSI-RS-resource, 
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 (i=2..,K) is the inter-CSI-RS-resource information between the i-th CSI-RS-resource and the phase-reference CSI-RS-resource, Di (i=1.., K) is RSRP or eigenvalue of long-term covariance matrix Ri of the i-th CSI-RS-resource. 
Comparing method 1 and method 2, method 1 can reuse single-CSI-RS-resource feedback defined in Rel-10 or enhanced in Rel-11 as much as possible, while method 2 can reduce feedback overhead for CS/CB/JT because no PMI is needed for the CSI-RS-resources except for the phase-reference CSI-RS-resource.

3 Feedback aggregated across multiple CSI-RS resources
CSI feedback aggregated across multiple transmission points is an attractive scheme for coherent joint transmission, where a single PMI represents a precoder applied to antenna ports of multiple transmission points. It has been shown to potentially provide better performance with less feedback overhead [6]. 
CSI feedback aggregated across multiple transmission points may be supported by per-CSI-RS resource PMI feedback if the antenna ports of multiple TPs can be configured in the same CSI-RS resource. This could be guaranteed by a flexible design for the configuration of CSI-RS resources. However, aggregation is limited to 2, 4 and 8 antenna ports by this solution. On the other hand, a UE could be configured to feedback a single PMI corresponding to multiple CSI-RS resources, which would enable the convenient mapping of one transmission point to one CSI-RS resource.

In [6], an aggregated CSI feedback scheme was proposed to feedback the PMI corresponding to all the TPs in joint transmission points set. 
Three steps are summarized for aggregated CSI feedback as below:

Step 1: Concatenate the channel information of the joint transmission points.
Step 2: Construct the amplitude matrix W1 as equation (4) based on the long term received power from transmission points.
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where 
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is the average received power from i-th transmisson point, 
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is the identity matrix of dimension ti, and ti is the number of antenna ports in i-th transmission point. 

Step 3: UE selects and feedbacks the best index of phase matrix W2 to match the concatenated channel assuming the overall precoding matrix.
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The column wise normalization is carried out in order to meet the sum power constraint. The current codebooks defined in Rel-10 can be reused as phase matrix W2. However, it may need further improvement for different antenna configurations, e.g. for 4Tx. 

In Table 1, the performance of the aggregated feedback over per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback is evaluated. Each TP is equipped with 2Tx antennas and UE can dynamically select the macro TP or four LPN TPs. When the latter is selected, aggregated CSI feedback is reported for four TPs by 8 bits representing one 8Tx PMI of the Rel-10 codebook. For per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback, the PMI for each TP is selected jointly with other TPs from the 2Tx Rel-8 codebook, thus the total feedback is also 8 bits. Other simulation configurations and assumptions are the same as in [6]. In both cases, received power information is available at UE and eNB. We can find obvious performance gains of aggregated feedback in cell average with ULA configurations, while the two methods have the same feedback overhead.
Table 1 Performance gain of aggregated feedback over per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback
	Configuration
	Cell average SE
	5% Cell edge SE

	ULA config1
	20.26%
	1.75%

	CPA config1
	5.23%
	0.98%

	ULA config4b
	26.88%
	4.09%

	CPA config4b
	5.27%
	3.82%


In [6], the simulation results have shown that considerable throughput gain can be obtained at the cell average of ULA antenna configuration and there is gain in other cases, while the overhead at the same time is lower. In order to analyze the proposed aggregated CSI feedback scheme, the distortion function [7] is used as the metric to compare the effectiveness of the precoding vectors.
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where 
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 is the precoding vector selected according to some criterion, 
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is the concatenated channel measured on the CSI-RS ports of all TPs, 
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is the Frobenius norm, and 
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 is the expectation function over channel distribution function. The smaller the distortion, the higher the granularity of CSI feedback.
In Table 2, the distortion function of feedback aggregated across multiple CSI-RS resources is compared with those of per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback, where one CSI-RS resource is mapped to one point. The method of per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback in Table 2 is similar to method 1 with the additional knowledge of the received power per TP at eNB and UE. Aggregated feedback over the four points with two antennas each is obtained with 8Tx PMI.

It is observed that aggregated feedback achieves a smaller distortion than per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback, especially in ULA configuration. In Figure 2, the CDF of distortion function in cfg1 ULA case is given. The precoding vector obtained by aggregated feedback is closer to the ideal precoding vector since the distortion function is smaller. 
Table 2. The mean value of distortion function
	
	cfg1ULA
	cfg1 CPA
	cfg4b ULA
	cfg4b CPA

	Per-CSI-RS-resource feedback without inter-CSI-RS-resource feedback
	7.471242e-8
	9.306719e-9
	2.415597e-7
	2.013221e-8

	Feedback aggregated across multiple CSI-RS resources
	1.3731e-8
	4.5401e-9
	4.5009e-8
	8.8142e-9


[image: image21.png]CDF of the distortion function

— Aggregated .
—— Per-CSI-RS-Resource wo

-140

-120

-100 -80 -60 -40
Value in dB unit




Figure 2. The CDF of the distortion function in cfg1 ULA
4 Feedback framework 
A common feedback framework should strive to maximize commonality of the feedback for multiple CoMP schemes and non-CoMP (legacy) CSI feedback. Under a common feedback framework, CSI feedback for CS/CB/DPS can be supported by per-CSI-RS-resource CSI feedback. JT can be supported by per-CSI-RS-resource CSI and complementary inter-CSI-RS-resource information or by aggregated CSI feedback across multiple CSI-RS resources, or a combination of both. Additional per-CSI-RS resource CQI feedback complements the feedback for supporting DPS/DPB. Configuration of the type of feedback report by RRC signalling allows the eNB to support the appropriate CoMP scheme according to the network deployment.
Aggregated feedback can also be incorporated in the framework of per-CSI-RS-resource feedback by introducing the concept of super-CSI-RS-resource. The CSI-RS-resources within UE’s CSI reporting set are first divided into several super-CSI-RS-resources. Each super-CSI-RS-resource contains one or multiple CSI-RS-resources with similar long-term received signal power. Aggregated CSI feedback is used for each super-CSI-RS-resource. The phase and amplitude offsets between super-CSI-RS-resources are also reported. It reduces to the per-CSI-RS-resource feedback when there is only one CSI-RS-resource in each super-CSI-RS-resource. The flexibility to concurrently report aggregated CSI for some transmission points and per-point CSI with inter-point information for other points allows to take advantage of the good quantization of aggregated CSI while supporting joint precoder sizes different than 2, 4 and 8 ports.
Observation: 
Support of per-CSI-RS resource CSI feedback, CSI feedback aggregated across multiple CSI-RS resources and inter-CSI-RS resource feedback provides the network with enough flexibility between performance, feedback overhead, and support of any number of antenna ports for joint transmission. 

5 Conclusion

In this contribution, we analyzed aggregated and per-CSI-RS-resource feedback for CoMP and proposed a common feedback framework, which is composed of feedback aggregated across multiple CSI-RS resources, per-CSI-RS-resource feedback, and inter-CSI-RS-resource feedback.
It was observed that support of per-CSI-RS resource CSI feedback, CSI feedback aggregated across multiple CSI-RS resources and inter-CSI-RS resource feedback provides the network with enough flexibility between performance, feedback overhead, and support of any number of antenna ports for joint transmission.
For multiple CSI-RS resources, we propose the following common feedback framework:

· Feedback is configured by dedicated RRC signalling as any combination of the following:
· Feedback aggregated across multiple CSI-RS resources 

· Inter-CSI-RS-resource feedback
· Per-CSI-RS-resource feedback
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