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1 Introduction

The agreements from RAN1#69 for CoMP CSI aperiodic feedback are as follows [1]:
Agreement:

· In the case of a single CC configuration where multiple CSIs are configured for COMP,  2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback 

· The candidate CSI reports are configured by RRC

· 1-bit CSI request remains in format 0 in the case of CSS

· FFS the payload content of the report 

· Multiple CSI feedbacks could be multiplexed within one report instance

· FFS how to configure these multiple feedbacks into one report instance

· FFS the semi-static and dynamic signaling details

· FFS if CSI request field is extended to other than 2 bits, by adding new bits or using existing codepoints

· FFS simultaneous usage of CSI request field for CoMP and Carrier Aggregation

Following the email-discussion [2], there still exist some open issues, which will be discussed in this contribution. For convenience, we explicitly define some terminologies in the following:
· CSI report: In periodic feedback, it corresponds to one instance of CSI feedback in the same subframe and of the same type; in aperiodic feedback, it corresponds to one instance of RI, or CQI, or PMI feedback.

· CSI processes [3]: The set of CSI reports corresponding to one non-zero-power (NZP) CSI-RS resource and with the same interference part, which are reported on PUCCH in different subframes and which may have different reporting types.

2 Discussion

With respect to the design principle, it was proposed in [2] that:
“Proposal 1: Higher layer configuration of CSI feedback for CSI processes for CoMP is based on the configuration of CSI feedback for serving cells in CA. FFS if the same CSI processes are configured for both periodic and aperiodic feedback.”

In our view, the CSI processes for CoMP can be viewed as independent in the spatial domain, which is similar to the case of CA, where the CSI reports for different serving cells are independent in the frequency domain. So we propose:
Proposal 1: The design principle of aperiodic CSI reports for CoMP should largely reuse that for CA.
Then let us consider the open issue of “FFS if the same CSI processes are configured for both periodic and aperiodic feedback”. For Rel-10 CA, CSI processes may not be the same for periodic and aperiodic feedbacks. In other words, it is an implementation-specific issue that eNB decides which CSI processes are reported in periodic feedback and which in aperiodic feedback. We do not see any benefit to use the same CSI processes for periodic and aperiodic feedbacks. On the contrary, the same CSI processes for periodic and aperiodic feedback will lost the flexibility. In our view, the CoMP feedback may follow the way similar to that designed for CA in both periodic and aperiodic feedbacks.
Proposal 2: Different CSI processes can be configured for periodic and aperiodic feedbacks for CoMP in Rel-11.
2.1 The maximum number of CSI processes

In the email discussion [2], some proposals concerning the maximum number of CSI processes have been made:
“Proposal 2: The maximum number of CSI processes which can be configured for aperiodic CSI feedback is FFS”;
“Proposal 4: Multiplexing multiple aperiodic CSI reports for CoMP is similar to CA, with no compression.  Maximum number of CSI reports in a subframe is FFS”.

For CoMP, the compression efficiency of multiple aperiodic CSI reports has not been justified. The dependencies of different CSI processes, e.g. common RI/PMI, are the main driver for introducing compression. However, the possibility of common RI/PMI may be low. And the potential side information that has to be added, such as the indicator of the common RI/PMI, may offset the compression gain. Hence, considering of the required standardisation efforts, we do not recommend that compression is applied to aperiodic CSI feedback and support the proposal of the email discussion [2]:
Proposal 3: Multiplexing multiple aperiodic CSI reports for CoMP is similar to CA, with no compression.
As a typical example, in homogeneous network, the interference hypotheses are likely the interference without blanking of TP, since the blanking in homogeneous network is not so frequent. On the other hand, in heterogeneous network, the most typical interference hypotheses are related to the on/off status of Macro TP. Generally speaking, in the case that the size of CoMP measurement set is 2, at most 4 CSI processes per UE are needed; in the case that the size of CoMP measurement set is 3, if limiting the expected blanking TPs for one UE may be one strongest TP, at most 5 CSI processes are needed. In other words, most scenarios can be supported by exploiting up to 5 CSI processes in a subframe. We propose that:

Proposal 4: The maximum number of CSI processes which can be configured for aperiodic CSI feedback is 5.

Furthermore, the maximum number of CSI processes in a subframe should be considered from the perspective of the feedback overhead and UE processing complexity, which has been discussed in [4]. We will not discuss this FFS herein.
2.2 Simultaneous usage of the CSI request field for CoMP and CA

In the email-discussion [2], we have the following open issue:
“Proposal 7: Simultaneous usage of the CSI request field for CoMP and Carrier Aggregation is FFS”.

The simultaneous usage of CSI request field for CoMP and CA aperiodic feedback means that the CSI feedback for both CoMP and CA are triggered simultaneously. In this case, CoMP operation and CA operation can be simultaneously processed with the aid of CSI feedback. Thus, if the simultaneous usage for CoMP and CA is supported, the simultaneous usage of the CSI request field for CoMP and CA should be enabled.
In Fig. 1, the scenario of simultaneously using CoMP and CA is illustrated. More specifically, the ellipse-shape “cells” seen in Fig. 1 (which can be TPs for CoMP or carriers for CA) are in two orthogonal dimensions, i.e. spatial and frequency domains, respectively. We can choose to enable/disable CoMP functions on a given CC. Such a combination mechanism provides great flexibility for eNB to serve UEs under different conditions. Actually, as the design of CoMP feedback follows many principles of CA, supporting both operations with simultaneous usage of CSI request field seems to be a natural choice. After all, there are quite some commonalities from standardisation aspect for CoMP and CA in this context. Hence, we think that the benefits for supporting simultaneous usage of CoMP and CA justify the proposal:

Proposal 5: The simultaneous usage of the CSI request field for CoMP and CA should be supported in Rel-11.
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Fig. 1: The “cells” for CoMP and CA.
2.3 The CSI request fields

In the email-discussion [2], the following proposals have been provided concerning the CSI request fields:
“
· Proposal 3: The triggering of aperiodic CSI is according to Table 1:

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a 1st set of 

CSI processes configured by higher-layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of 

CSI processes configured by higher-layers


· Proposal 5: The payload content of the CSI report in the case of 1 bit CSI request field is CSI for the 1st set of CSI processes (i.e. same as ‘01’ with two-bit trigger). Note: In this case the 1 bit field would only apply in the CSS. 
· Proposal 6 : The CSI request field is no larger than 2 bits in Rel 11.
”
As discussed in Section 2.2, we support the simultaneous usage of the CSI request field for CoMP and CA. Under this assumption, the table of CSI request fields proposed in email discussion [2] can also satisfy the simultaneous triggering of CSI for CoMP and CA, with the flexibility to pre-divide CSI reports for CoMP and CA into different sets. And the proposal 5 and 6 in email discussion [2] are also feasible for the simultaneous usage of CoMP and CA. Therefore, we propose that:
Proposal 6: 
·  The CSI request field can be simultaneously used for CoMP and CA described as the following table:

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a 1st set of 

CSI processes configured by higher-layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of 

CSI processes configured by higher-layers


· The payload content of the CSI report in the case of 1 bit CSI request field is CSI for the 1st set of CSI processes;

· The CSI request field is no larger than 2 bits in Rel 11.

3 Conclusion
In this contribution, we discuss the aperiodic CSI feeback for CoMP. Our proposals in this contribution are summarized as follows:
Proposal 1: The design principle of aperiodic CSI reports for CoMP should largely reuse that for CA.
Proposal 2: Different CSI processes can be configured for periodic and aperiodic feedbacks for CoMP in Rel-11.
Proposal 3: Multiplexing multiple aperiodic CSI reports for CoMP is similar to CA, with no compression.
Proposal 4: The maximum number of CSI processes which can be configured for aperiodic CSI feedback is 5.

Proposal 5: The simultaneous usage of the CSI request field for CoMP and CA should be supported in Rel-11.

Proposal 6: 
·  The CSI request field can be simultaneously used for CoMP and CA described as the following table:

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a 1st set of 

CSI processes configured by higher-layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of 

CSI processes configured by higher-layers


· The payload content of the CSI report in the case of 1 bit CSI request field is CSI for the 1st set of CSI processes;

· The CSI request field is no larger than 2 bits in Rel 11.
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