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1
Introduction
At RAN1#67 it was agreed that CSI feedback for CoMP will be based on at least per-CSI-RS-resource feedback.  This paper discusses different use cases for additional inter-CSI-RS-resource feedback and provides views on their performance benefits and standardization complexity.  
The topic is closely related to aggregated feedback, which is the focus of [1].  Other companion papers address support of CRS-based CoMP operation [2], CQI definitions in support of downlink CoMP [3], interference measurement [4], and CoMP measurements set selection [5]. 
2
Use cases for inter-CSI-RS-resource feedback
In a working assumption agreed at RAN1#66bis, per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback was listed as one feedback method in support of CoMP operation.  An agreement at RAN1#67 confirmed that at least per-CSI-RS-resource feedback will be used, therefore raising the question of whether additional inter-CSI-RS-resource feedback is needed. 

In this contribution, we discuss several use cases for supporting inter-CSI-RS-resource feedback.  These scenarios are quite diverse and target different types of CoMP operation.  Consequently, it seems important to separately consider potential support of each of these use cases, rather than to endorse inter-CSI-RS-resource feedback in general.  
Observation: 

· Inter-CSI-RS-resource feedback supports different use cases with largely different performance benefits and standardization impact.  
· Standardization support for each use case needs to be justified separately 
2.1
Coherent Joint Transmission
Coherent JT targets coherent combining at UEs and therefore, in contrast to other CoMP schemes, requires the knowledge of a phase relationship among the channels of coordinating transmission points.  Inter-CSI-RS-resource feedback is one way of reporting this phase information by performing precoder selection on a per transmission point basis (i.e., per CSI-RS-resource) and providing additional inter-point phase feedback to convey the phase relationship between the individual precoders.  
The additional overhead and complexity associated with inter-point phase feedback needs to be justified by adequate performance gain over non-coherent JT, which does not require this phase feedback but rather targets opportunistic combining at the UE.  Standardization impact should be taken into account in this comparison, as inter-point phase reporting represent a fundamentally new feedback type.  Furthermore, practical constraints such as timing and frequency errors should be taken into account in this analysis.  For example, even a moderate timing offset may introduce a significant phase ramp in the frequency domain, which would require the phase information to be reported at fine granularity, thereby increasing feedback overhead. 
Aggregated feedback is an alternative way of supporting coherent JT.  In this approach multiple 1, 2, 4, or 8 CSI-RS port patterns are aggregated and the combined number of ports is used for RI/PMI/CQI selection.  Naturally, this implicitly captures the phase relationship between transmission points as part of the precoding matrix and therefore obviates the need for explicit phase feedback.  Admittedly, aggregated feedback also comes with several disadvantages, such as limited flexibility since the total number of aggregated CSI-RS ports would need to be either 2, 4, or 8 in order to be able to support existing codebooks.  Nevertheless, it should be considered as a potential alternative to inter-point phase feedback and at most one of these two feedback methods should be specified. 
Proposal 1: 

· Inter-point phase feedback needs to be justified by sufficient gain of coherent JT over non-coherent JT

· Practical impairments, especially time/frequency errors need to be considered

· Feedback overhead and standardization complexity should be taken into account
· Inter-point phase feedback and aggregated PMI feedback are competing proposals; at most one should be supported 
2.2
Time offset reporting
Another form of inter-CSI-RS-resource feedback that may be particularly relevant to coherent JT is time offset reporting.  As mentioned above, timing errors inevitably lead to a phase ramp in the frequency domain and consequently have the potential to significantly impact the granularity with which feedback needs to be reported (regardless of whether inter-CSI-RS-resource or some form of aggregated feedback is used). 
Instead of increasing reporting granularity in the frequency domain, which proportionally increases reporting overhead, a reporting of the timing error should be considered.  In TM9, where UE-specific reference signals are used both for CSI reporting and for demodulation, such time offset reporting enables the eNB to appropriately offset its transmissions on a UE-specific basis.  If time offset is at least partially compensated for, inter-point phase information may be reported with lower frequency granularity, thus reducing overall feedback overhead. 

Time offset may be measured by the UE based on CSI-RS-resources.  The measured values may then be reported as part of periodic or aperiodic CSI reports after proper quantization.  The coarseness of the reporting depends on the type of timing compensation is targeted by the network.  For example, a basic eNB implementation may simply avoid selecting transmission schemes that are sensitive to time offset (such as coherent JT) whenever a UE reports a large value of time offset.  Alternately, an eNB implementation that attempts to offset the DM-RS for a specific UE based on its time offset report would likely benefit from a finer quantization. It is also eNB implementation dependent whether the eNB in this case would perform a real time offset of the transmitted symbol or just perform phase rotation over frequency. The phase rotation alone will not help with the symbol boundary misalignment; however, the misalignment does not cause degradation as long as there is sufficient CP margin.

It is important to note that as part of the CSI reporting, UEs should take into account whether or not the network will attempt to compensate for the time offset.  Clearly, if correction by the network is anticipated, the reported CQI can be chosen more aggressively.  Proper signaling of the selected network behavior should therefore be considered. 

Finally, it should be noted that time offset reports may also be beneficial in selecting CoMP sets (such as the CoMP coordinating or transmission set).  As described above, this will also impact the quantization granularity with which UEs report the time offset. 

Proposal 2: 
· Time offset reporting should be considered as a means for alleviating the impact of timing offsets

2.3
Improved interference coordination
Inter-CSI-RS-resource feedback also enables improved interference coordination, which would benefit a larger class of CoMP schemes, especially those that target scheduling coordination such as CS/CB or possibly DPS.  In this framework, while one CSI-RS-resource may be considered for channel estimation, another may be used to convey CSI under different interference assumptions (e.g., the interfering cell may be assumed muted or transmitting with a specific precoder).  Such additional feedback under multiple hypotheses can be useful to improve scheduling decisions within a CoMP cluster.  
The issue is illustrated in Figure 1.  For CS/CB in Figure 1(a) the serving point may change only semi-statically and should be considered fixed for the purpose of this comparison.  Without loss of generality we can associate the serving point with CSI-resource A.  CSI-RS resources B and C are configured by the network to support coordinated scheduling.  Under these assumptions, the purpose of resources B and C is to convey interference conditions from the other points to the UE.  When computing the CQI, these CSI-RS resources should therefore be interpreted as interference. 

For illustration, Figure 1(b) shows the difference to DPS operation.  In this case, the purpose of resources B and C is to serve as alternative serving points.  To optimally support DPS, the UE would therefore assume that either resource A, B, or C acts as the serving point whereas the others act as interference.  This corresponds to the usual serving assumption but can potentially differ significantly from the CS/CB-based operation in Figure 1(a).
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Figure 1: Illustration of CQI definition in support of CS- and DPS-based CoMP
The standardization complexity of such inter-CSI-RS-resource feedback is comparably small as it does not require a new type of feedback but fully reuses the existing RI/PMI/CQI framework.  The existing feedback reporting framework could therefore largely be reused. 

Proposal 3: 

· Inter-CSI-RS-resource feedback should be considered for improved interference coordination

· Applies to CoMP schemes that target scheduling coordination, especially CS/CB and DPS
· Limited standardization impact as RI/PMI/CQI feedback framework can be reused. 

3
Relation to aggregated feedback
In the context of supporting JT CoMP, inter-CSI-RS-resource feedback and aggregated feedback can be viewed as competing proposals and at most one should be supported in the specification.  Based on the discussion in Section 2, and the RAN1#67 agreement that at least per-CSI-RS-resource feedback will be supported, we generally view inter-CSI-RS-resource feedback as the more flexible approach; however, the performance gains of specific proposals need to be analyzed and justified on an individual basis. 

For aggregate feedback, the specification of new codebooks appears infeasible at this stage.  However, if with existing codebooks, aggregate feedback achieves adequate performance then introducing basic support for aggregated feedback could be considered.  For example, if the working assumption of cell ID independent CSI-RS scrambling sequences is confirmed, basic aggregate feedback operation can already be supported without additional specification impact.
4
Conclusions

In this paper we have discussed different use cases for inter-CSI-RS-resource feedback with the following conclusions: 
· Inter-CSI-RS-resource feedback supports different use cases with largely different performance benefits and standardization impact.  

· Standardization support for each use case needs to be justified separately 
· Inter-point phase feedback needs to be justified by sufficient gain of coherent JT over non-coherent JT

· Practical impairments, especially time/frequency errors need to be considered

· Feedback overhead and standardization complexity should be taken into account

· Inter-point phase feedback and aggregated PMI feedback are competing proposals; at most one should be supported 
· Time offset reporting should be considered as a means for alleviating the impact of timing offsets

· Inter-CSI-RS-resource feedback should be considered for improved interference coordination

· Applies to CoMP schemes that target scheduling coordination, especially CS/CB and DPS

· Limited standardization impact as RI/PMI/CQI feedback framework can be reused. 
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