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1. Introduction

In RAN1#68bis meeting, some substantial issues associated with CSI feedback had been discussed and some agreements had been achieved:
· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11.
· The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69.
· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE
In this contribution, our considerations on CSI feedback mode design, and some detailed schemes are given based on the above conclusions.
2. Discussion on feedback modes with PMI feedback
In Rel-10, aperiodic RI/PMI/CQI reporting using PUSCH and periodic reporting using PUCCH are supported. Different reporting modes are included for PUSCH and PUCCH feedback. Each of the PUSCH reporting modes and PUCCH reporting modes is self-contained and independent with each others. Since only one non-zero CSI-RS resource is configured for each UE, each of PUCCH and PUSCH reporting modes reports the CSI associated with one non-zero CSI-RS resource. To realize CSI feedback with different interference condition when ABS is configured, two CSI subframe sets 
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 are defined and configured by higher layers. Then, each of PUCCH and PUSCH reporting modes can be used to report the CSI corresponding to one non-zero CSI-RS resource with one kind of interference conditions (measured in CSI subframe set 
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Different from single-point transmission, CoMP needs CSI of multiple CSI-RS resources. Moreover, CSI based on different interference hypotheses may also be needed to support dynamic switching among different kinds of CoMP transmission schemes, such as DPS, DPS/DB, and JT. Consequently, the relationship between CSI feedback mode and CSI-RS resource should be considered at first.
Per mode one non-zero CSI-RS resource vs Per mode multiple non-zero CSI-RS resources

By per mode one non-zero CSI-RS resource design, different reporting modes can be separately configured to each non-zero CSI-RS resources. It is flexible to set different frequency/time granularities for CSI feedback of different TPs (or non-zero CSI-RS resources). Moreover, if there are no new kinds of CSI information for CoMP transmission (e.g., aggregated feedback) introduced and CQI based on only one interference hypothesis is reported per mode, then the existing feedback modes can be reused. However, inter-dependency among CSI of different non-zero CSI-RS resources and different interference hypotheses can not be settled unless the self-contained and independent characteristics of feedback modes are abandoned.
By per mode multiple non-zero CSI-RS resources design, only one reporting mode is configured for all non-zero CSI-RS resources or different reporting modes are configured to different sets of non-zero CSI-RS resources, and each set of non-zero CSI-RS resources includes more than one non-zero CSI-RS resources. One feedback mode reports the CSI measured by multiple non-zero CSI-RS resources with configurable frequency/time granularities.
As discussed in the previous contribution [1], for feedback modes with PMI reporting, it is easy to settle inter-dependency among CSI of different non-zero CSI-RS resources by one mode multiple non-zero CSI-RS resource design. For example, common RI among different non-zero CSI-RS resources can be reported by this design. Moreover, it has facility to report newly introduced CSI information for CoMP transmission, such as TP indication for DPS to recommend TP by UE and aggregated feedback (if any).
Based on the above discussion, we can observe that per mode one non-zero CSI-RS resource or per mode multiple non-zero CSI-RS resources is used is closely associated with two issues:
· Whether inter-dependency among CSI of different non-zero CSI-RS resources is considered or not, such as common RI among different non-zero CSI-RS resources
· Whether newly introduced CSI information for CoMP transmission, such as aggregated feedback (if any) is needed or not

On the issue of common RI among different non-zero CSI-RS resources, common RI among different non-zero CSI-RS resources supports joint transmission without excessive additional overhead of separate PMI reporting for joint transmission, as the PMIs of the participating TPs should all have the same transmission rank. And it also provides more flexibility for frequency selective scheduling of different CoMP transmission schemes, since the transmission rank of the PDSCH cannot change over the bandwidth. However, common RI among different non-zero CSI-RS resources may lead to improper RI selection for other TPs as the common RI may be calculated based on one non-zero CSI-RS resource. And the gain for frequency-selective TP selection scheduling may be canceled out due to collision between CSI-RS/CRS and PDSCH, as the CSI-RS/CRS RE of all TPs supporting frequency-selective TP selection should be reserved. Therefore, the gain of common RI reporting among different non-zero CSI-RS resources needs further evaluation. Furthermore, new RI test method may be needed if common RI reporting is supported.
On the issue of aggregated feedback, we recommend that both aggregated CQI and aggregated PMI are not supported based on the previous discussion [2] [3].
Therefore, per mode one non-zero CSI-RS resource or per mode multiple non-zero CSI-RS resources depends on whether common RI among different non-zero CSI-RS resources is supported or not, and that needs further consideration.
Proposal 1: If common RI among different non-zero CSI-RS resources is supported, per mode multiple non-zero CSI-RS resources is suggested for feedback mode design.
Per mode one interference hypothesis vs Per mode multiple interference hypotheses
As whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE is still FFS until the last meeting, the relationship between CSI feedback mode and interference hypotheses also should be considered if multiple IMRs can be configured or CQI based on multiple interference hypotheses should be reported for each non-zero CSI-RS resource.
Similar to per mode one non-zero CSI-RS resource design, by per mode one interference hypothesis design, the CSI feedback based on different interference hypotheses are separately configured and reported. Different RI/PMI may be fed back based on different interference hypotheses even for the same non-zero CSI-RS resource. It is flexible to set different frequency/time granularities for different interference hypotheses. However inter-dependency among CSI of different interference hypotheses can not be realized. 
By per mode multiple interference hypotheses, one feedback mode reports the CSI of multiple interference hypotheses with configurable frequency/time granularities. Common RI/PMI can be reported for different interference hypotheses of the same non-zero CSI-RS resource. Therefore, to support per mode one interference hypothesis or per mode multiple interference hypotheses depends on whether common RI/PMI is needed or not for different interference hypotheses.

On the issue of common RI among different interference hypotheses, we believe that scheme-agnostic CQI feedback based on only outside CoMP measurement set interference hypothesis is sufficient to support different kinds of CoMP transmission schemes [2]. However, if CSI feedback based on multiple interference hypotheses is supported, we prefer common rank assumption among interference hypotheses for a CSI-RS resource. Therefore, per mode multiple interference hypotheses is suggested if CQI based on multiple interference hypotheses should be reported for each non-zero CSI-RS resource.
Proposal 2: per mode multiple interference hypotheses is suggested if CQI based on multiple interference hypotheses should be reported for each non-zero CSI-RS resource.

3. Examples for feedback modes with PMI reporting
Based on the relationship between CSI feedback mode and CSI-RS resource, feedback modes can be separated into four categories: 
· one mode – one non-zero CSI-RS resource – one interference hypothesis
· one mode – one non-zero CSI-RS resource – multiple interference hypotheses
· one mode –non-zero multiple CSI-RS resources (one interference hypothesis for each non-zero CSI-RS resource)
· one mode –non-zero multiple CSI-RS resources (multiple interference hypotheses for each non-zero CSI-RS resource).
Note: Category is neither related to the number of IMR, nor whether non-zero CSI-RS resource can be used as IMR. Non-zero CSI-RS resource in categories indicates the RS resource for CSI, but not interference measurement.

Category 1: One mode – one non-zero CSI-RS resource – one interference hypothesis:

Since the existing feedback modes are designed for one non-zero CSI-RS resource with given one kind of interference condition, they also belong to this category. Reusing existing feedback modes for CoMP feedback can save standard efforts and the impact on user and eNB equipments can be minimized.
Example 1: Multiple non-zero CSI-RS resources and multiple interference hypotheses (maybe implicitly indicated by multiple interference measurement resources) are configured for each UE, different reporting modes are configured corresponding to different combinations of non-zero CSI-RS resources and interference hypotheses. The existing reporting modes are reused to realize CoMP feedback. This kind of design is illustrated in Figure 1.
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Figure 1: Example 1 for feedback modes
Category 2: One mode – one non-zero CSI-RS resource – multiple interference hypotheses:

Example 2: Multiple non-zero CSI-RS resources are configured for each UE, and for each non-zero CSI-RS resource multiple interference hypotheses (by multiple interference measurement resources) are also configured correspondingly. Different feedback modes are configured corresponding to different non-zero CSI-RS resources. New feedback modes like the illustration in Figure 2 are used to realize CoMP feedback.


[image: image6.emf]Combination 1

New CoMP PUCCH 

Reporting Mode

NZP-CSI-RS-

Resource 1

Interference 

Hypothesis 1

Interference 

Hypothesis 2

Time

Common RI

PMI and CQI based on 

Interference Hypothesis 1

CQI based on Hnterference 

Hypothesis 2

New CoMP PUCCH Reporting Mode


Figure 2: Example 2 for feedback modes
Category 3: One mode – multiple non-zero CSI-RS resources (one interference hypothesis for each non-zero CSI-RS resource)
Example 3: Multiple non-zero CSI-RS resources, single interference measurement resource, and a corresponding feedback mode are configured for each UE. New feedback modes like the illustration in Figure 3 are used to realize CoMP feedback with PMI feedback. 
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Figure 3: Example 3 for feedback modes
Category 4: One mode – multiple non-zero CSI-RS resources (multiple interference hypotheses for each non-zero CSI-RS resource)
Example 4: Multiple non-zero CSI-RS resources and a corresponding feedback mode are configured for each UE. For each non-zero CSI-RS resource, CSI based on different interference hypotheses are reported. New feedback modes like the illustration in Figure 4 are used to realize CoMP feedback with PMI feedback.
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Figure 4: Example 4 for feedback modes
Based on the above discussion, we prefer only scheme-agnostic CQI feedback based on only outside CoMP measurement set interference hypothesis is fed back. And depending on common or independent rank hypothesis among different non-zero CSI-RS resources, for feedback modes with PMI feedback mode we prefer that:

· One mode – multiple non-zero CSI-RS resources, per CSI-RS resource with CQI under only one interference hypothesis, and adopting outside CoMP measurement set interference hypothesis
or

· Reuse the existing feedback modes, CQI adopting outside CoMP measurement set interference hypothesis
4. Bundling mechanism for feedback modes without PMI feedback

For PUCCH feedback, multiplexing mechanism (i.e., CSI of multiple CSI-RS resource are multiplexed in time domain) and bundling mechanism (i.e., CSI of multiple CSI-RS resource are bundled into a single PUCCH) can be considered to design PUCCH feedback container.

The advantage of multiplexing mechanism is that some of PUCCH reporting types in Rel-10 could be reused and the PUCCH container’s capacity does not need to be expanded. However, more PUCCHs are required and the delay for CSI feedback will be prolonged. While for bundling mechanism, the UL capacity can be saved because of less PUCCH are needed, and also the delay of CSI feedback is relatively small. While its shortcomings are that new PUCCH reporting types for CoMP should be introduced and the PUCCH capacity may need to be expanded. For CSI feedback without PMI in TDD systems, on the one hand, the payload size of CSI is relatively small because of no PMI feedback; on the other hand, PUCCH resources is more scarce due to less of uplink subframes. Therefore, bundling mechanism is especially suitable for no-PMI PUCCH reporting modes.

Proposal 3: Bundling mechanism is suggested for no-PMI PUCCH reporting modes.
An example of no-PMI PUCCH reporting design using bundling mechanism is given in this section.
Adopting the classification of current PUCCH reporting modes, wideband or UE selected subband CQI can be supported for no-PMI PUCCH reporting modes in CoMP.
Wideband feedback

· Contents: One wideband CQI value for each non-zero CSI-RS-resource in the configured feedback set.

· PUCCH resource: All the wideband CQI values are reported by one PUCCH in the reporting instance for wideband CQI. Assuming there are N CSI-RS-resources in the configured feedback set (the value of N can be 3 from our observation in [4]) the payload size is 4×N bits for this PUCCH. If the payload size is larger than 11 bits, PUCCH capacity expanding or subsampling by differential CQI can be adopted.
· Periodicity and reporting instance: The reporting instances for wideband CQI are subframes satisfying
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· Illustration:
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Figure 5: Illustration for wideband periodic feedback
UE selected subband feedback

· Contents: One wideband CQI value for each non-zero CSI-RS-resource in the configured feedback set, and one CQI of selected subband for each non-zero CSI-RS-resource
· PUCCH resource: 
· All the wideband CQI values are reported by one PUCCH in the reporting instance for wideband CQI. The payload size is 4×N bits for this PUCCH, where N is the number of CSI-RS-resources in the configured feedback set.
· All the subband CQI values of one bandwidth part (BP) together with an L-bit common subband label are reported by one PUCCH in the reporting instance for subband CQI. The payload size is 4×N +L bits for this PUCCH.
· Periodicity and reporting instance: 

· The reporting instances for subband CQI are subframes satisfying
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· The reporting instances for wideband CQI are subframes satisfying
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  where H = J×K +1, J is the number of BPs, K is a higher-layer configured parameter.
· Illustration:
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Figure 6: Illustration for UE selected subband periodic feedback
5. Conclusions

In this contribution, the relationships between CSI feedback mode and CSI-RS resource, and between CSI feedback mode and interference hypothesis are discussed for feedback modes with PMI reporting. Based on the discussion, feedback modes are separated into four categories and detailed feedback designs for these categories are given. For periodic feedback without PMI feedback, comparison between multiplexing mechanism and bundling mechanism and examples of no-PMI PUCCH reporting design using bundling mechanism are given.
Our proposals include:

Proposal 1: If common RI among different non-zero CSI-RS resources is supported, per mode multiple non-zero CSI-RS resources is suggested for feedback mode design.
Proposal 2: per mode multiple interference hypotheses is suggested if CQI based on multiple interference hypotheses should be reported for each non-zero CSI-RS resource.

Proposal 3: Bundling mechanism is suggested for no-PMI PUCCH reporting modes.

For feedback modes with PMI feedback mode, we prefer that:

· One mode – multiple non-zero CSI-RS resources, per CSI-RS resource with CQI under only one interference hypothesis, and adopting outside CoMP measurement set interference hypothesis

or

· Reuse the existing feedback modes, CQI adopting outside CoMP measurement set interference hypothesis
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