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1
Introduction
This contribution addresses feedback enhancements in support of both downlink CoMP and MIMO operation.  We highlight some common feedback considerations that should be taken into account going forward.  Several types of multi-point feedback are discussed for CoMP operation and perspectives on scenarios for single-point CSI feedback in MIMO are provided.  
Companion papers address high-level proposals on CoMP schemes [1] as well as views on downlink reference signals [2] and downlink control signaling [3] for CoMP.  Details on time misalignment issues, rank adaptation and PDCCH enhancements are provided in [4], [5], and [6], respectively. For brevity we will abbreviate “Scenario” as “Scn” throughout the document. 
2
Feedback in support of CoMP and MIMO

Detailed discussions have taken place on finding an appropriate boundary between CoMP and MIMO studies.  Generally, we view it as important to address related feedback enhancements within a common framework.  Having said that, it may not be necessary to enforce a strict boundary between CoMP and MIMO as long as potential overlaps are resolved though proper meeting organization. 

In the following, we address CoMP and MIMO feedback aspects separately. The CoMP section focuses on multi-point feedback and provides some considerations on what types of feedback need to be supported for different CoMP categories.  The MIMO feedback enhancements focus on a discussion of the recently agreed evaluation scenarios.  Some commonalties between both CoMP and MIMO areas are also addressed.   

2.1
Common feedback considerations

Work on CoMP and MIMO has led to the definition of a total of seven scenarios, namely Scn-1 through Scn-4 for CoMP and Scn-A through Scn-C for MIMO.  Scn-1 through Scn-4 and Scn-B potentially target multi-point feedback whereas Scn-A and Scn-C target single transmission point operation.  As suggested by the meeting agenda, we address multi-point feedback as part of CoMP feedback in Section 2.2 and single transmission point feedback as part of MIMO feedback in Section 2.3. 
As part of the post-RAN1#66 email discussion on CSI feedback enhancements, detailed discussions have taken place regarding whether feedback differs between Scn-3 and Scn-4.  We agree with the majority view of companies which expressed that, in terms of CSI feedback, there should be no difference between the scenarios, at least as long as transmission mode 9 is targeted.  This has also given rise to the agreement that the “performance of any feedback scheme is the same in CoMP scenario 3 and CoMP scenario 4 assuming Rel-11 allows the necessary specification support” [8].  
It should be noted that the above not only applies to per-point feedback but also to aggregate feedback.  The concern of some companies that the dependence of the CSI-RS scrambling sequence on the cell-ID prevents support of aggregate feedback in Scn-3 is not warranted in our perspective.  Ultimately, it is not precluded by current specification that a cell may transmit CSI-RS with a scrambling ID other than its own,  just as RAN1 has certainly not precluded that a cell may scramble its PDSCH with a cell-ID different from its own.  While it may be desirable to clarify the above explicitly in the specification, no significant specification impact is expected. 

Observation: 
· From a CSI feedback perspective, Scn-3 and Scn-4 are not expected to differ as long as TM9 operation is targeted. This applies to both per-point and aggregate feedback.  

2.2
Feedback in support of CoMP

CoMP naturally targets multi-point CSI feedback to facilitate coordinated transmission.  On a high-level the feedback requirements for various CoMP categories such as CS/CB, DPS, or coherent JT have been addressed in TR36.819 [7].  An important differentiation of coherent JT from the other CoMP schemes is its need for inter-point phase feedback.  This motivates to address CSI feedback for CS/CB and DPS together but address coherent JT separately. 
Feedback in support of CS/CB and DPS
While feedback in support of CS/CB and DPS shares some similarities, there exist important design differences that need to be kept in mind.  In DPS, a UE is expected to report CSI feedback to multiple points where each individual report is computed under the assumption that a specific point acts as the serving one.  Consequently all other points would be assumed as interferers for the purpose of computing that specific CSI report. 
For CS/CB, the serving point changes only semi-statically.  However, feedback reports corresponding to different points may be used to estimate interference for the purpose of improved scheduling coordination.  It is important to note that for the purpose of sending such a CSI report about a non-serving point, it is not necessary to make the assumption that it will act as the serving point.  Instead, the UE may make certain assumptions about the actual serving cell when computing other CSI reports.  It is expected that by making appropriate assumptions it is possible to improve the usefulness of such a report for scheduling coordination. 

Furthermore, two independent feedback instances pertaining to two different points do not in themselves enable CS/CB.  For example, knowing the dominant eigen-vectors for each of a pair of points coordinating in CS/CB from a UE’s perspective conveys no information at all about how much those eigen-vectors would interfere with each other if they were received by the UE.

It should be noted that both of the above feedback types have benefits for CoMP operation.  The DPS-type feedback helps to facilitate dynamic serving point selection while the latter helps improve the performance of scheduling coordination.  Further study is needed to find a suitable tradeoff for optimized system performance. 

Observation: 
· Multi-point feedback would likely be designed differently for CS/CB and DPS operation, respectively.  Further study is needed to balance the tradeoff between both modes of operation. 

Feedback in support of coherent JT

Coherent JT requires phase information between the serving transmission points which can be achieved by augmenting multi-point feedback with additional inter-point phase information or by employing aggregate feedback.  At this point, it seems premature to downselect either of these alternatives, as both offer some pros and cons.  
When it comes to work on coherent JT in general, it seems prudent to keep the increase in standardization complexity in mind.  The need to report phase information between multiple points represents a departure from the existing RI/PMI/CQI reporting that could be more readily reused for other CoMP schemes.  For example, the codebooks, reporting payload and feedback reporting schemes for inter-phase feedback may not be able to build on the existing modes.  Further, time misalignment between points would need to be carefully considered as it impacts the frequency granularity at which inter-point phase feedback would need to be reported [4]. 
Whether or not the above specification effort is justified by the performance gains is a question that still needs to be carefully considered.  In doing so, we believe that it is important to differentiate between FDD and TDD operation.  Naturally, TDD offers the advantage of being able to exploit channel reciprocity for improved CSI feedback.  On the contrary, FDD operation mandates the aforementioned improvements to CSI feedback.  
As a result, coherent JT has noticeably different standardization impact depending on FDD and TDD operation.  It is therefore important to appropriately justify feedback enhancements for either type of operation.  Ultimately, gains of coherent JT in TDD should not be used to justify FDD feedback enhancements. 
Observation: 
· Coherent JT has significantly different standardization impact and performance in FDD vs. TDD

· This should be taken into account when justifying feedback enhancements. Gains in TDD should not be used to justify standardization of FDD-based feedback enhancements. 

2.3
Feedback in support of DL-MIMO

In this section, we cover primarily single-point feedback enhancements targeting enhanced MU-MIMO operation.  As agreed as part of the simulation assumptions, Scn-A and Scn-C represent such scenarios and do not assume coordination among transmission points.  

In the following we address some considerations regarding both scenarios that mainly concern their definitions.  Feedback in both scenarios is expected to target MU-MIMO enhancements and therefore Rel-10 RI/PMI/CQI feedback appears to be the natural starting point. 
Feedback in support of Scenario A
As agreed as part of the evaluation assumptions, Scn-A represents a homogeneous macro-only network and targets improvements to MU-MIMO operation.  Two channel models were agreed for evaluations, both of which are based on the ITU Urban Macro (UMa) channel type. The two models differ in terms of the fraction of indoor/outdoor UEs.  Specifically, the mandatory model has a percentage of 80% indoor UEs while the second, optional model has 100% of the UEs outdoors. 

In past meetings, the issue of indoor/outdoor modeling has been raised several times.  While in general indoor/outdoor modeling can be useful to approximate propagation conditions in some scenarios, it is our view that the 100% outdoor case is more suitable for this specific type of deployment.  The reason for this preference is that indoor/outdoor modeling may naturally deteriorate the performance benefit of MU-MIMO, which seems a contradiction to the study objective.  This does not mean that indoor/outdoor modeling is not a scenario which is often encountered in practice.  Nevertheless, it is reasonable to assume that some deployments will exhibit a 100% fraction of outdoor UEs and since MU-MIMO is expected to target predominantly such scenarios, it makes sense to prioritize it for this specific study. 
Proposal: 

· For Scn-A the 100% outdoor case seems more appropriate for evaluating MU-MIMO performance enhancements.  It should be kept in mind that MU-MIMO would likely be deployed in such propagation scenarios. 
Feedback in support of Scenario C

In Scn-C, low power nodes are studied without considering coordination with a macro cell.  Two different sub-cases were specified, namely a co-channel configuration in which both macro cell and low power nodes operate on the same frequency (Scn-C1) and a carrier-aggregation scenario in which the macro carrier is on a separate frequency and is only modeled in evaluations for association purposes.  
It should be noted that in practice Scn-C2 not only applies to the case of carrier aggregation but is also representative of the interference conditions that would occur on protected subframes according to Rel-10 eICIC procedures.  Due to this similarity, it is not needed to run separate simulations for both cases, as feedback enhancements would naturally apply to both. 
Based on this observation, the motivation for Scn-C1 seems unclear.  At RAN1#66, some companies raised the concern that in case of heavily loaded macros and picos, the macro may not be able to configure a sufficient number of ABS subframes.   As a result, some pico UEs may need to be scheduled on non-ABS subframes, thus motivating to study the macro interference in Scenario C1.

In our view, it is not clear why such a scenario would occur in practice.  Ultimately, in a heavily loaded scenario, configuring an appropriate number of ABS subframes is highly desirable from the macro’s perspective as it enables the macro to offload more UEs to the picos than it could serve in the subframe it gives up.  Overall, the system performance therefore benefits from configuring a sufficient number of ABS subframes and it consequently seems unclear why a macro would somehow not be able or willing to configure a sufficient number of ABS subframes. 
Moreover, based on the current assumptions for Scn-C1, which only consider the performance of those UEs that are associated with a pico, it is unclear what performance metric should be optimized in Scn-C1. If the target is to improve tail performance, then this would mostly target UEs that are located at the boundary between macro and pico (as they see the highest macro interference).  However, if so, any potential feedback enhancements would unlikely be relevant in practice, as it is exactly those UEs that would anyway be served on ABS subframes where interference conditions are completely different.  Conversely, if enhancements were to target median or mean performance, then this would correspond to UEs close to the pico center (where macro interference is low).  However, feedback enhancements for those UEs are anyway already studied under Scn-C2. So, in short, it remains unclear to us what exactly Scn-C1 is trying to optimize and we therefore propose to remove it from the evaluation assumptions and consider only Scn-C2 instead. 

Proposal: 

· Remove Scn-C1 from the evaluation assumptions at it is unclear whether the feedback enhancements targeted by it would be relevant in practice.  In our view, it is preferable to further prioritize Scn-C2 instead. 

3
Conclusions

In conclusion, we have presented views and proposals on CSI feedback for CoMP and MIMO operation.  The observations and proposals can be summarized as follows: 
CoMP

· From a CSI feedback perspective, Scn-3 and Scn-4 are not expected to differ as long as TM9 operation is targeted. This applies to both per-point and aggregate feedback.  
· Multi-point feedback would likely be designed differently for CS/CB and DPS operation, respectively.  Further study is needed to balance the tradeoff between both modes of operation. 
· Coherent JT has significantly different standardization impact and performance in FDD vs. TDD
· This should be taken into account when justifying feedback enhancements. Gains in TDD should not be used to justify standardization of FDD-based feedback enhancements. 

MIMO

· For Scn-A the 100% outdoor case seems more appropriate for evaluating MU-MIMO performance enhancements.  It should be kept in mind that MU-MIMO would likely be deployed in such propagation scenarios. 

· Remove Scn-C1 from the evaluation assumptions at it is unclear whether the feedback enhancements targeted by it would be relevant in practice.  In our view, it is preferable to further prioritize Scn-C2 instead. 
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