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1. Introduction

This document contains a summary of the main points emerging from the email discussion on UE feedback for DL MIMO following RAN1#59.

Following agreement of a Work Item “Enhanced Downlink Multiple Antenna Transmission for LTE” in RAN#46, this discussion focussed on reaching agreement for Release 10.
The detailed input and comments from the participating companies are given in the Annex.

A proposed way forward is presented in a separate document.
2. Summary
This section gives an overview of the outcome of the discussion, but necessarily cannot capture every detailed comment. Many companies provided input and valuable supporting comments on the topics requested.  The main issues which emerged are as follows:
· Consensus on extending Release 8 implicit feedback (CQI, PMI, RI) to 8 antennas for SU-MIMO - with some reservations, for example: 

· CQI/RI are computed assuming that the reported spatial feedback is interpreted as a recommended precoder by eNB. The algorithm of spatial feedback computation at the UE (i.e., optimal precoder assuming SU-MIMO, quantized eigen-directions etc) is up to UE implementation subject to meeting performance (RAN4) requirements
· Implicit feedback is not only means of UE feedback in SU-MIMO operation, especially in case of dynamic SU/MU-MIMO operation where some other feedback can be used for both MU and SU operation.

· Consensus on extending Release 8 implicit feedback (CQI,PMI.RI) to 8 antennas for MU-MIMO - with some reservations, for example: 

· Supporting MU in the same way as in Rel-8 is suboptimal (i.e., SU-based PMI and CQI for MU operation). We should target enhanced MU-MIMO in Rel-10 as stated in WID RP-091429.

· The question is whether this is the only feedback format support for MU-MIMO. 

· First priority should be given to enhanced MU-MIMO.

· Consensus on using Release 8 implicit feedback in Enhanced MU-MIMO (if Enhanced MU-MIMO is specified) - with some reservations, for example:
· Need to see performance to justify such application. 
· Several companies mentioned the need for enhancements beyond Release 8 implicit feedback

· Significant support for at least further studies on explicit feedback in Enhanced MU-MIMO (if Enhanced MU-MIMO is specified) – but with several objections, for example:
· Departing from LTE Rel-8 paradigm towards explicit type of feedback is very risky in terms of Rel-10 completion schedule and testability issues 

· With realistic assumption on feedback overhead and rate adaptation, we do not see significant gain of explicit feedback over implicit feedback. 

· It is our view that the channel eigenvector quantization approach (which is considered explicit) bears resemblance to the implicit approach from RAN1 specification perspective. Both approaches report an index of a codebook element. At the same time, the codeword selection criterion is not specified in RAN1 specification (e.g. 36.213). 

· A single form of spatial feedback should be sufficient to address various transmission schemed as long as feedback accuracy is good enough. 

·  Explicit feedback tends to incur high signalling overhead and crucial aspects such as testing are unclear, 
· We consider its feasibility is not sufficiently confirmed during this SI phase. 

·  The enhancement of R10 SU/MU MIMO is more dependent on the accuracy of feedback than the way of reporting: implicit or explicit. 
· Consensus on at least further studies on improving feedback accuracy for MU-MIMO

· Consensus on at least further studies on using enhanced MU-MIMO feedback to support CoMP (or at least as a basis) 
· Consensus on using feedback for intended for enhanced MU-MIMO for SU-MIMO – with some reservations, for example

· Since SU- and MU-MIMO are expected to share the same transmission mode, in principle nothing prevents the eNodeB from utilizing the possible MU-MIMO specific feedback information for SU-MIMO as well, if applicable. Fall-back from MU- to SU-MIMO is of course desirable, but our point is that optimization of UE feedback to sustain SU-MIMO should not be the driver nor the design criteria for standardizing any additional feedback.
· For 8 Tx it is already clear that we need new feedback for SU-MIMO, hence enhanced SU-MIMO is needed. If we introduce new feedback for 2 Tx, and 4 Tx, then that feedback certainly needs to be efficient for SU-MIMO as well, since SU-MIMO will often be used even when MU-MIMO is applied. 
· Some possibilities for enhancement of MU-MIMO were identified for possible further study, such as:
· Additional feedback information (e.g. channel direction information) 
· Multiple instances of CQI under different assumptions

· Other points raised included:
· Possibility of supporting configurations with no PMI/RI feedback (like Release 9 transmission mode 8)

· Possible need (or otherwise) to resolve CSI-RS design before evaluation of feedback proposals 

· Need to ensure testability for any new feedback schemes

Annex
Company inputs on email discussion on UE Feedback supporting DL MIMO

SU-MIMO 

1) Rel 8 implicit feedback (i.e. CQI, PMI, RI)  extended to 8x8 antennas

a) Supported

b) Not Supported

c) FFS

[Alcatel-Lucent] Supported

[Philips] Supported

[CEWiT] Supported

[Nokia, Nokia Siemens Networks] Supported. Implicit feedback for 8xY, Y={2, 4, 8}, DL SU-MIMO should be made the baseline, as a direct and natural continuation of LTE Rel-8 design paradigm. Implicit feedback provides with one of the most efficient ways to capture DL SU-MIMO gains with low signalling overhead and has a proven track record in 3GPP in terms of testability and practical system deployment.

[TI] Supported. 

[QCOM] Implicit CQI/RI feedback (meaning that CQI/RI are computed assuming that the reported spatial feedback is interpreted as recommended precoder by eNB) should be supported. For the spatial feedback, a single type of feedback should be sufficient provided it is accurate enough. The algorithm of spatial feedback computation at the UE (i.e., optimal precoder assuming SU-MIMO, quantized eigen-directions etc) is up to UE implementation subject to meeting performance (RAN4) requirements.  
[Motorola] Codebook-based feedback is currently a baseline in TR36.814. We think that “supported” does not mean it is the only means of UE feedback in SU-MIMO operation, especially in case of dynamic SU/MU-MIMO operation where some other feedback can be used for both MU and SU operation.

[Fujitsu]: Supported
[ZTE] Supported. At the same time we need to consider enhancement that support SU/MU dynamic switching.   

[IDCC]: Supported
[RIM]  Supported.
[NEC] Supported
[Potevio]: Supported
[Pantech] Supported. Implicit CQI/RI/PMI feedback would be sufficient and would be enough for SU-MIMO. Additional feedback to support dynamic switching is FFS. 
[CATT] Supported, our understanding of implicit feedback doesn’t mean that it is PMI based feedback, for example implicit feedback in Rel-8 TM 7 there is no PMI feedback.

[Ericsson] Implicit feedback should be supported. SU-MIMO continues to be the baseline for all transmit antenna array sizes; even in MU-MIMO friendly scenarios most UEs will most of the time be using SU-MIMO, partly because of properties of realistic traffic patterns. It is therefore vital that the efficiency of SU-MIMO is maintained by appropriate feedback techniques. Implicit feedback in the sense of UE recommending precoder(s) is clearly preferable for SU-MIMO operation.

[Samsung] Supported.
[Panasonic] Supported.
[DOCOMO] Supported

[Marvell]: Supported
[Huawei]  Supported. 

[ITRI] Supported
[Tokyo Tech] Supported
[LGE]: Supported.
[CMCC]: Supported.

MU-MIMO

2) Rel 8 implicit feedback (i.e. CQI, PMI, RI)  extended to 8x8 antennas

a) Supported

b) Not supported

c) FFS

[Alcatel-Lucent] Supported.  

[Philips] Supported

[CEWiT] Supported

[Nokia, Nokia Siemens Networks] Supported. Implicit feedback should be the baseline. Implicit feedback does not preclude achieving MU-MIMO gains, while it provides clear benefits in terms of testability and associated feedback overhead. This also enables smooth fallback into SU-MIMO, which is a prerequisite for efficient and seamless SU-/MU-MIMO system operation.

[TI] Supported.

[QCOM] Same as (1) w/ a clarification that implicit component (CQI/RI) is computed by the UE under SU-MIMO assumption (w/ possible restriction on the maximum SU-MIMO rank) hence in the same way as in (1). It would be good if other companies that answer “supported” clarify how they envision CQI/RI to be calculated in the context of MU-MIMO.
[Motorola] FFS. Supporting MU in the same way as in Rel-8 is suboptimal (i.e., SU-based PMI and CQI for MU operation). We should target enhanced MU-MIMO in Rel-10 as stated in WID RP-091429.

[Fujitsu]: Supported
[ZTE] Supported. In order to support SU/MU dynamic switching and performance enhancement some additional feedback is needed. Such information can be delta_CQI , index of  the most suitable column(s) of the implicit PMI matrix etc. Moreover, our studies shows feedback components (CQI/RI etc) calculated at UE side is preferred. 

[IDCC]:  Supported.
[RIM]  Supported
[NEC] Supported
[Potevio]: Supported
[Pantech] Supported
[CATT] Supported, similar MU operation in Rel-9 

[Ericsson] The way eNodeB chooses to exploit feedback is an eNodeB implementation issue. We believe that implicit (precoder) feedback will be efficient for SU-MIMO as well as MU-MIMO, in that sense MU-MIMO is automatically supported. Hence, the extensive and well-established work in RAN4 can to a large degree be reused. This secures proper testing mechanisms, vital to a multi-vendor ecosystem such as LTE.

[Samsung] Rel-8 implicit feedback (i.e. CQI, PMI, RI) extended to 8x8 antennas can always be used for MU-MIMO operation up to eNB’s implementation. It should not be precluded that eNB uses such implicit feedback for MU-MIMO scheduling related decisions. However, the question is whether this is the only feedback format to support MU-MIMO. If the question’s intension is that this is the only feedback format to support MU-MIMO, then the answer should be FFS. Otherwise, it is naturally supported.
[Panasonic] Supported.
[DOCOMO] Supported. Implicit feedback should be the baseline for Rel. 10 MU-MIMO.

[Marvell]: FFS. First priority should be given to enhanced MU-MIMO.
[Huawei]  Supported. Given dynamic switching and transparent MU, SU/MU shall share common feedback framework.
[ITRI] Supported

[Tokyo Tech] Supported. But we need more channel state information to cancel other user's signal.
[LGE]: Supported.
[CMCC]: Supported. But not limit the PMI only to support MU-MIMO. In order to obtain better performance, enhanced MU-MIMO should be considered.
Enhanced MU-MIMO (if specified)

3) Based on Rel 8 implicit feedback (i.e. CQI, PMI, RI)  

a) Supported

b) Not supported

c) FFS

[Alcatel-Lucent]  Supported with enhancements to Rel-8 PMI based implicit feedback also taken into account, for example as shown in R1-094613 for MU-MIMO. 

[Philips] Rel-8 type feedback should be supported in any enhanced MU-MIMO scheme

[CEWiT] Supported, to be the fall-back mode

[Nokia, Nokia Siemens Networks] Supported. Implicit feedback needs to be the baseline here as well (see our answer for 2)) if enhanced MU-MIMO is specified. Potential performance differences between implicit and explicit feedback strategies are likely explained by ordered subspace information the latter provides with. Implicit feedback for MU-MIMO may be enhanced to provide similar information with lower overhead, while building naturally on top of (implicit) SU-MIMO signalling and hence achieving fully integrated SU-/MU-MIMO functionality.

[TI] Supported. Rel-8 type of implicit feedback provides a backward-compatible and efficient way to support enhanced MU-MIMO, with clear benefits of low overhead, proven testability, and small specification impact.

[QCOM] Same as (2). ). It would be good if other companies clarify how they envision CQI/RI to be calculated in the context of MU-MIMO, whether they envision multiple instances of (CQI/PMI/RI) (e.g. companion PMIs) etc.  

[Motorola] Supported. As indicated in Response (2) enhanced MU-MIMO operation is needed to have performance improvement over Rel-8 MU-MIMO operation.  However, we should not limit the enhancement to Rel-8 based implicit feedback. Explicit feedback should be considered in the Rel-10 specification as indicated in response 4. Support of either implicit or explicit feedback, or both, is ultimately decided based on performance and feedback overhead trade-off.
[Fujitsu]: Any enhancement of Rel. 8 implicit feedback should not be precluded.
[ZTE] Supported . Rel8 type of implicit feedback schemes are important support for MU-MIMO.As said in (2) , some additional feedback information should be added to the implicit content to enable SU/MU dynamic switching and performance enhancement of MU-MIMO, at the same time making sure the extra overhead introduced is in-check.

[IDCC]  Supported, but with additional information included to increase feedback accuracy and provide performance enhancement of MU-MIMO.    This support does not exclude the addition of explicit feedback also in Rel-10. 
[Vodafone] FFS. Need see performance to justify such application. 
[RIM]  Supported.  Rel-8 implicit feedback could be used as baseline for MU-MIMO and some enhancement to increase the channel feedback accuracy could be considered such as companion PMI feedback. 
[NEC] Supported for good compatibility
[Potevio]: Supported
[Pantech] Supported. 
[CATT] Supported, feedback enhancement similar as in Rel-9 is sufficient.

[Ericsson] MU-MIMO is already supported. Performance gains therefore have to be evaluated compared with what is already possible in Rel-8/9 before we introduce additional functionality in Rel-10. In particular, the recent enhancements in Rel-9 related to MU-MIMO need to be taken into account. 

[Samsung] It depends on what kind of enhancements Rel-10 MU-MIMO is to achieve. If we are satisfied with MU-MIMO capability supportable by the feedback mechanism in Rel-8/9, then definitely no further improvement in the feedback mechanism is needed at all. According to our evaluations in R1-100117, MU-MIMO with Rel-8 CQI/PMI feedback is not working very well. There are several possible solutions with implicit feedback to this problem: (i) Revisit the definition of PMI/CQI, (ii) Increase the feedback accuracy, (iii) Introduce additional feedback contents for MU-MIMO, etc. As in (2), MU-MIMO based on Rel. 8 implicit feedback can always be supported by eNB’s implementation. Then the question is how well it is and do we need to standardize additional feedback to enhance MU-MIMO.
[Panasonic] Supported. In general MU-MIMO operation can be carried out by Rel-8 type feedback, enhance MU-MIMO as well. In addition, it would be further studied if additional feedback is needed to improve MU-MIMO performance further.
[DOCOMO] Supported. Enhanced MU-MIMO in LTE-Advnaced can be operated with the implicit feedback associated with introduction of DM-RS and CSI-RS in Rel. 10. 
[Marvell]: Enhanced feedback beyond Rel8 should be supported in an enhanced MU-MIMO mode. It is FFS whether the optimal method is “explicit” or “implicit”.
[Huawei] Supported for 2,4 and 8 eNB antenna ports. With overhead from only CRS in R8 and from DMRS+CRS+CSI-RS in R10, there is a risk that R10 SU/MU MIMO performance becomes inferior to R8 MU MIMO performance if no enhancements (more accurate feedback, e.g.)  is introduced for R10.
[ITRI] Supported
[Tokyo Tech] Supported.
[LGE]: Supported.
[CMCC]: Supported. Some additional feedback information should be considered to enhance MU-MIMO.
[Orange]: The room for MU-MIMO enhancement should be investigated by taking Rel-9 as the basis. FFS whether this enhancement should be based on implicit or explicit feedback, or a combination of both. The choice for one particular feedback scheme should be based on performance versus feedback overhead, and should also account for testability.
4) Based on explicit feedback (i.e. spatial information, contents FFS)

a) Supported

b) Not supported

c) FFS

[Alcatel-Lucent]   Supported. For example, for explicit feedback, we show 20% average cell throughput and 11% cell edge throughput performance gain for MU-MIMO with additional spatial covariance feedback in R1-094621. 

[Philips] Enhanced MU-MIMO (if specified in Rel-10) should include explicit feedback

[CEWiT] FFS, we would like to see more discussions on the overhead involved v. performance and then make a decision

[Nokia, Nokia Siemens Networks] Not supported. Departing from LTE Rel-8 paradigm towards explicit type of feedback is very risky in terms of Rel-10 completion schedule and testability issues are very likely to further compromise practical deployments and thus the whole feature itself, if specified. So far there is no clear evidence available that under testability and practical feedback overhead constraints the explicit feedback approach would be superior to the implicit one.

[TI]: Not supported. With realistic assumption on feedback overhead and rate adaptation, we do not see significant gain of explicit feedback over implicit feedback. Given the marginal gain but other complications (standardization effort, testability, overhead), Rel-8 type of feedback should be the baseline for enhanced DL MU-MIMO.

However, it is still our view that the channel eigenvector quantization approach (which is considered explicit) bears resemblance to the implicit approach from RAN1 specification perspective. Both approaches report an index of a codebook element. At the same time, the codeword selection criterion is not specified in RAN1 specification (e.g. 36.213). 

[QCOM] As explained in (1), a single form of spatial feedback should be sufficient to address various transmission schemed as long as feedback accuracy is good enough. Spatial feedback algorithm should be left to implementation.  

[Motorola] Supported. Some form of explicit feedback with low overhead and good performance should be considered in Rel-10 specification. 
[Fujitsu]: Supported.   

[ZTE] Supported. Enhanced MU-MIMO scheme should also include this option in principle.

[IDCC]:  Supported.
[Vodafone] FFS. need to understand 1) the quantified performance gain with at least 3GPP case1 and various antenna configurations at least for 2Tx and 4Tx; 2) overhead estimations
[RIM]  Explicit feedback could be considered in addition to implicit feedback if its overhead justifies its performance enhancement. In fact, there are different ways to achieve the explicit feedback, one straightforward way could be to use the implicit Rel-8 feedback as starting point and improve the feedback error by further reduce the quantized error as proposed in R1-091725 as an example.
[NEC] FFS, enhanced MU-MIMO with explicit feedback can be supported when performance gain over implicit feedback can be seen considering the required overhead.
[Potevio]: Supported
[Pantech] FFS. Implicit feedback should be the baseline.
[CATT] FFS 

[Ericsson] Not supported. Explicit feedback tends to incur high signalling overhead and crucial aspects such as testing are unclear, even the definition of explicit feedback in the TR is unclear. Changing feedback type to explicit does not appear to be a realistic alternative. This would risk the already tight timeline of Rel-10 by throwing out all the extensive work RAN4 has performed during the years (including HSDPA) on principles for implicit feedback testing and making them start from scratch. We believe that implicit (precoder) feedback is able to efficiently handle all our needs for SU-MIMO and MU-MIMO operation.

[Samsung] Supported unless we find a promising alternative way with implicit feedback. Based on current results from the community and internally, we cannot find a convincing results showing implicit feedback alone could bring sufficient gains for MU-MIMO.
[Panasoic] FFS. There are three possible approaches to deal with additional feedback (to improve MU operation): first, no additional feedback, second, additional implicit feedback, third, additional explicit feedback. Further study may be needed to identify which approach is better. A balance between performance, overhead and testability is preferred.
[DOCOMO] Not supported for Rel. 10. We consider its feasibility is not sufficiently confirmed during this SI phase. Thus, we should pursue discussion on the realistic benefits from the explicit CSI feedback targeting beyond Rel. 10.
[Marvell]: Enhanced feedback beyond Rel8 should be supported in an enhanced MU-MIMO mode. Several proposals have indicated that it is possible to compress explicit feedback down to manageable bit load while retaining gains over Rel8 feedback. Such methods shouldn’t be ruled out at this stage of the study item.
[Huawei] Not supported. The enhancement of R10 SU/MU MIMO is more dependent on the accuracy of feedback than the way of reporting: implicit or explicit. But considering that both implicit and explicit need not be standardized, enhancing the implicit mechanism from Rel-8 seems a safe and easily tested solution
[ITRI]: FFS, the performance gain and overhead should be considered.
[Tokyo Tech] Supported. The implicit feedback is not enough to improve MU-MIMO effectively. The explicit feedback is necessary to enhance MU-MIMO. In this case, the feedback for switching explicit feedback mode and implicit feedback mode is also needed.
[LGE]: Not supported.

[CMCC]: FFS. Performance gain and overhead should be considered to justify this..
[Orange]: same answer as 3, i.e. the room for MU-MIMO enhancement should be investigated by taking Rel-9 as the basis. FFS whether this enhancement should be based on implicit or explicit feedback, or a combination of both. The choice for one particular feedback scheme should be based on performance versus feedback overhead, and should also account for testability.
5) Improved feedback accuracy

a) Supported

b) Not supported

c) FFS

[Alcatel-Lucent] Supported, e.g. by hierarchical feedback.  

[Philips] Supported. Some scenarios will benefit significantly. Details on how to achieve this improvement are FFS.

[CEWiT] Supported

[Nokia, Nokia Siemens Networks] FFS. The feedback accuracy depends primarily on two factors which are interrelated: A) CSI measurement accuracy, and B) Feedback granularity. In order to be able to obtain any gains from increased feedback granularity, the measurement accuracy needs to be high enough. The feedback granularity needs to be in balance with the achievable CSI estimation accuracy over CSI-RS, which details are yet open. One needs to agree first on at least the CSI-RS density and potentially also the pattern before attempting any increase of feedback accuracy wrt. LTE Rel-8. Hence, it is yet too early to estimate any potential benefit of improved feedback accuracy.

[TI] We are open to improving the feedback accuracy. The details are FFS. An example could be an expansion (adding new elements) to the Rel-8 codebooks if necessary. 

[QCOM] Supported. We agree w/ NNSN that both CSI-RS measurement accuracy and feedback quantization accuracy affect performance (both SU-MIMO and MU-MIMO). Furthermore, the document “Spatial feedback in Rel-10” sent by QCOM to the reflector earlier this week shows sizeable gains for MU-MIMO and SU-MIMO due to increased feedback granularity. This suggests that both CSI-RS and spatial feedback should be designed to make these gains possible. Our evaluation of CSI-RS measurement accuracy suggests that, with CSI-RS density currently discussed in RAN1 (between 1 & 2 REs/port/PRB), Rel-8 feedback accuracy is the limiting factor.   
[Motorola] Supported. We viewed explicit feedback and many enhancements to implicit feedback are ways to capture the spatial information with different accuracy (e.g., more refined/accurate signal subspace, more dimensions on signal/null subspace, etc.). Improved subspace information is definitely important to MU-MIMO. 
[Fujitsu]: FFS
[ZTE] Supported. In R1-094755 and R1-095005 we have discussed the importance of this issue. As is pointed out, feedback accuracy (for example, signal and /or null subspace information) heavily affects performance of MU-MIMO. Thus additional information, such as implicit feedback is necessary to enhance MU-MIMO performance.

[IDCC]:  Supported
[Vodafone] FFS and conditional to question 4)
[RIM]  Supported. As expressed in our answer to MU-MIMO bullet 4), we feel that the improved feedback accuracy could also be achieved by starting with Rel-8 implicit feedback and reducing the quantizing error.  This approach allows backward compatible to Rel-8 feedback. 
[NEC] Supported. A promising method to improve feedback accuracy is the multi-resolution precoding codebook as discussed in R1-094734.
[Potevio]: Supported
[Pantech] Supported. Hierarchical feedback, differential feedback or new codebook design scheme could be included. Increased codebook size could be a baseline
[CATT] FFS

[Ericsson] We are open to increasing the feedback accuracy (that would benefit SU-MIMO as well as MU-MIMO operation) if gains can be shown compared with state-of-the art techniques based on Rel-9. But we must limit the signalling overhead so as not to jeopardize a stable system operation. Just as Nokia points out, gains very much depend on the CSI measurement accuracy so we need to progress the CSI RS design discussions further before it is possible to say whether increased accuracy will translate into real-life gains.
[Samsung] Supported. We should support feedback format to improve feedback accuracy. In general, MU-MIMO requires better resolution of the channel information feedback which can be achieved by improving feedback accuracy.
[Panasonic] FFS. In general increasing accuracy is pursued. However, it should be noted that increasing accuracy may not necessarily refer to explicit feedback, e.g., channel direction information. Other methods, such as increasing codebook size, or adaptive codebook, may be also attractive methods.”
[DOCOMO] FFS. Some kind of codebook refinement for PMI feedback to improve MU-MIMO performance should be investigated, especially in the case of Rank 2 transmission per MU-MIMO UE, since MAI may be severer when the current Rel. 8 PMI-based feedback is used.
[Marvell]: Supported
[Huawei] Supported for 2,4 and 8 eNB antenna ports. If CSI-RS can not guarantee enough measurement accuracy to support an enhanced feedback accuracy, the performance of R10 SU/MU MIMO is at risk to be inferior to R8 performance.
[ITRI]: Supported
[Tokyo Tech] Supported. Improving feedback accuracy brings to get more throughputs. And it is inevitable for MU-MIMO and CoMP. 
[LGE]: FFS. We are open to improve feedback accuracy in general and it seems two different ways of feedback accuracy improvement have been discussed so far such as the (best/worst) companion feedback for better CQI accuracy and higher resolution feedback codebook for reducing channel quantization error. In our point view, any of them should not be precluded at this stage. 
[CMCC] supported.
[Orange] FFS, depends on the performance gain versus feedback overhead.
6) Feedback for enhanced MU-MIMO also used to support CoMP

a) Yes

b) No

c) FFS
[Alcatel-Lucent] Yes.  The implicit and explicit feedback enhancements for MU-MIMO could apply for CoMP. We had shown performance benefits for enhanced implicit feedback in R1-090777 for coordinated scheduling in CoMP and explicit feedback for CoMP in R1-094620.  

[Philips] Yes

[CEWiT] Yes

[Nokia, Nokia Siemens Networks] FFS. While it is hard to design such feedback without knowing at this stage whether CoMP will be part of Rel-10 (and if yes, under which form), one should strive towards a scalable feedback design. The first priority is to build feedback support for DL single-cell SU-/MU-MIMO operation building on Rel-8 principles. Furthermore, as pointed out above, it is too early to evaluate the merits of CoMP support before we know more details about the CSI-RS design.

[TI] FFS, pending on the CoMP schemes to be standardized. 

[QCOM] Rel-10 feedback design should be scalable to support CoMP. Whether it would be able to support CoMP efficiency (and which forms of CoMP specifically) is FFS.    
[Motorola] Yes, since both CoMP (at least CoBF) and MU-MIMO deal with multiple links (interference and desired) with the same goal of mitigating cross interference while improve signal quality of desired ones.
[Fujitsu]: Yes
[ZTE] It is desirable but the details are FFS. 

[IDCC]:  Yes.

[Vodafone] Yes.
[RIM]  The support of enhanced MU-MIMO could be considered together with CoMP with focus on single-cell. 
[NEC] Yes. Assuming same feedback for MU-MIMO, the CoMP gain can be clarified by fairly comparing CoMP MU-MIMO performance with single-cell MU-MIMO performance.
[Potevio]: Yes
[Pantech] Yes, CoMP should share the same feedback with single cell MIMO
[CATT] Yes, SRS based feedback makes it possible for smooth switching between single-cell and multi-cell operation. 
[Ericsson] It is always desirable if functionality can include as many applications as possible. However, with the current diverse views on what CoMP is it is not possible at this stage to say what we should design for; the CoMP field need some time to mature. SU-MIMO and MU-MIMO operation should therefore remain prioritized and benefits for CoMP operation can be considered an additional bonus. 

[Samsung] Yes but not alone. Depending on which CoMP scheme is going to be supported in Rel. 10 time frame, additional feedback (e.g. inter-cell phases, neighbour cell PMI, etc) may need to be defined. 
[Panasonic] Yes. On the other hand, we clarify that this statement does not mean that feedback for enhance MU-MIMO includes ALL needed feedback to support CoMP, i.e., the former one can be a subset of the latter one.
[DOCOMO] Yes. Feedback to support simple CoMP (focusing on CS/CB) should be established in Rel. 10.
[Huawei] Yes.
[ITRI]: FFS, depends on the CoMP scheme.
[Tokyo Tech] Yes. Partly.
[LGE]: FFS. 
[CMCC]: Yes. Hierarchical feedback, the feedback of CoMP is a superset of the enhanced MU-MIMO.
[Orange] It is preferred that feedback for CoMP is a superset of the feedback for MU-MIMO, for simplicity and to allow easy dynamic SU/MU and CoMP/non-CoMP switching.
6a) Are multiple instances of CQI/PMI/RI envisaged (e.g. Companion CQIs)?
[Philips] Multiple CQI reports computed under different assumptions could be useful for eNB scheduling. For example feedback computed with and without a rank restriction could help with dynamic switching between SU-MIMO and MU-MIMO. 

[ZTE] Yes. Our latest studies shows enhanced CQI feedback scheme has advantage over single CQI feedback scheme. To keep overhead low, schemes such as delta CQI can be used .
[RIM]  Yes, we also feel that multiple CQI reports under different assumption would be helpful. The detail feedback of such CQI reports could be FFS. 
[Pantech] Yes. 
[Ericsson]: It makes sense to have a codebook structure where one precoder takes care of the long-term properties of the channel and another of the short-term properties so as to efficiently exploit the different requirements of update rate. Such structure is most easily introduced by feeding back two PMIs instead of one to form an overall precoder.

[Samsung] Yes. Multiple CQI reports under different assumption might be helpful. Furthermore, multiple PMI/CDI reports under different assumption might also be helpful considering the fact that MU-MIMO can be efficiently supported by higher rank CQI/PMI feedback.
Enhanced SU-MIMO (if specified: note this is not strictly part of the current WI)

7)  Feedback for enhanced MU-MIMO is also applied to SU-MIMO 

a) Yes

b) No

c) FFS

[Alcatel-Lucent] Yes.  There would seem to be no reason to forbid the MU-MIMO/CoMP enhancements being used also for SU-MIMO. (For example, the CSI feedback can be adapted to different scenarios with optimal codebook design as shown in R1-094616.)  
[Philips] Yes. This would be consistent with dynamic switching between SU-MIMO and MU-MIMO
[CEWiT] Yes, needed for switching from SU-MIMO to CoMP / MU-MIMO
[Nokia, Nokia Siemens Networks] No. First of all, as Tim pointed out this is strictly speaking not in line with the WID. Furthermore, we do not see any significant problems with SU-MIMO as specified in LTE Rel-8 and Rel-9. Fall-back from Rel-10 MU-MIMO to SU-MIMO is of course desirable, but no particular optimization of SU-MIMO is needed here since enhanced MU-MIMO feedback is anyway expected to be a superset of implicit Rel-8 SU-MIMO feedback. Rewriting the SU-MIMO paradigm is not expected to bring significant gains over the existing options. RAN1 should avoid specifying multiple parallel options without clear motivation. 
[Additional clarification from Timo] The usage of DRS naturally allows the eNodeB to apply any CSI it has in order to select the most suitable precoder. Since SU- and MU-MIMO are expected to share the same transmission mode, in principle nothing prevents the eNodeB from utilizing the possible MU-MIMO specific feedback information for SU-MIMO as well, if applicable. Fall-back from MU- to SU-MIMO is of course desirable, but our point is that optimization of UE feedback to sustain SU-MIMO should not be the driver nor the design criteria for standardizing any additional feedback. Given low CSI-RS densities and overall DRS overhead we do not expect to gain much from optimizing SU-MIMO feedback over proven and efficient Rel-8 PMI-based approaches in place.
[TI] This seems to be the case unless there is a separate SU-MIMO-only transmission mode.  

[QCOM] Yes. In our view, a single form of spatial feedback should be sufficient to address various transmission schemed as long as feedback accuracy is good enough. Furthermore, implicit CQI/RI feedback based on SU-MIMO assumption is sufficient.  
[Motorola] Yes. When the MU-MIMO solution supports dynamic SU and MU based on the same feedback, it will be natural to use that feedback in SU-MIMO too as a special case of MU. It is not clear to us that why it is referred to as “enhanced SU-MIMO (not strictly part of the current WI)”. Actually the approved WID RP-091429 stated only that a “CSI feedback scheme” (not necessarily only codebook based feedback) needs to be specified to support SU-MIMO up to eight layers.

[Fujitsu]: Yes. 
[ZTE] Yes if a single (dynamic switching) transmission and feedback mode is adopted. While for the case of two feedback modes (still possible) we think this issue is FFS. 

[IDCC]:  Yes.
[Vodafone] FFS. It is preferred the MIMO schemes use similar feedback to reduce the complexity and testing efforts. If performance gain can be assured against R8 implicit feedback, why not. Implicit feedback for SU is defined in R8 for upto 4 antennas and will be needed to be supported for backward compatibility. For higher antenna configurations, the feedback to be supported is still under discussion for both SU-MIMO (Question 1 above) and MU-MIMO (Question 2 above). In which way to do the SU/MU switch should be up to both performance and observability. 
[RIM]  The design should focus on enhanced MU-MIMO, however, if dynamic switching between SU-MIMO and MU-MIMO is supported, some enhancement on SU-MIMO could be achieved as well. 
[NEC] Yes, in order to support dynamic switch between SU-MIMO and MU-MIMO as well as dynamic switch between non-CoMP and CoMP.
[Potevio]: Yes. SU-MIMO and MU-MIMO should be under the same feedback type.
[Pantech] Yes, this would be a simple and efficient approach to support dynamic switching between SU/MU-MIMO.  
[CATT] YES. SU and MU switching without RRC signalling is already agreed, SRS based feedback makes it easy. 

[Ericsson] For 8 Tx it is already clear that we need new feedback for SU-MIMO, hence enhanced SU-MIMO is needed. If we introduce new feedback for 2 Tx, and 4 Tx, then that feedback certainly needs to be efficient for SU-MIMO as well, since SU-MIMO will often be used even when MU-MIMO is applied. 

[Samsung] Yes. Whether to use the MU-MIMO feedback for SU-MIMO is an implementation issue. We cannot see why the specification has to block the usage of such feedback information for SU-MIMO when a set of feedback information introduced for MU-MIMO enhancements is available.
[Panasoic] Yes. In general same feedback for SU and MU facilitates dynamic switching between SU and MU .
[DOCOMO] If some kind of feedback refinement is specified to support enhanced MU-MIMO, it should be reused for SU-MIMO to support dynamic switching between SU-MIMO and MU-MIMO.
[Huawei] Yes.  SU and MU share common feedback framework with improved accuracy and we prefer a transparent transmission mode. The higher accuracy of the feedback will benefit both SU and MU although the gains are larger for MU. With overhead from only CRS in R8 and from DMRS+CRS+CSI-RS in R10, there is a risk that R10 SU/MU MIMO performance becomes inferior to R8 performance if no enhancements (more accurate feedback, e.g.)  is introduced for R10.
[ITRI]: Yes, if the transmission scheme is supported to switch between SU-MIMO and MU-MIMO the feedback information for enhanced MU-MIMO should be applicable for SU-MIMO.
[Tokyo Tech] Yes. Improving feedback accuracy enhances SU-MIMO performance.
[LGE]: Yes. As far as dynamic switching is supported, there is no reason to prohibit this case.
[CMCC]: Yes, See no reason for adding the restriction.
[Orange] It is desirable that SU-MIMO and MU-MIMO can operate under the same feedback type in order to allow dynamic switching. 
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8) Comments invited

[CEWiT] Do the current UE class definitions suit these enhancements, or new equipment classes need to be defined

[Nokia, Nokia Siemens Networks]  As already mentioned above, thorough performance evaluations should be carried out before introducing any fundamentally new functionality impacting also other RAN working groups. Hence we see that we should first move forward with the CSI-RS design to be better able to evaluate the merits of different UE feedback proposals.

[QCOM] Alhtough comment by NNSN is well-taken, we don’t see contingency of feedback discussion and design on CSI-RS design. We feel that, in the interest of making progress on the feedback issue, it should receive due attention now. While detailed CSI-RS design will take time (likely stretching beyond SI phase), it is fairly clear, based on the existing evaluation results (w/ some contributions dating back to March 2009) that performance loss due to CSI-RS (w/ CSI-RS densitues being discussed) is farily small compared to the feedback quantization loss. Hence it would be acceptable to conduct feedback evaluation assuming perfect CSI-RS measurement accuracy or, at least, account for the actual CSI-RS accuracy w/ e.g. 1RE/port/PRB (the lowest density being discussed) w/ some generic CSI-RS patterns, w/o waiting for the final CSI-RS design. 

[IDCC]:  May want to consider heterogeneous network scenarios as part of evaluation of feedback schemes.

[RIM]  It could also be helpful to discuss the baseline UE receivers (like MRC, or MMSE-IRC, etc.) to progress performance evaluations of MU-MIMO proposals.
[Ericsson] We agree with Nokia that CSI RS design needs to be prioritized. Not only because it affects the performance benefits on any feedback schemes we come up with but also since CSI RS is a cell-specific feature, they cannot easily be modified in the feature. Hence, the focus should be on ensuring that CSI RS is efficient and future proof – Rel-10 is the third consecutive release in which we modify something as fundamental as RS and it would be unfortunate if LTE standardization becomes synonymous to making major RS modifications. Hopefully, after Rel-10 and onwards, the RS structure stays put. In contrast, feedback schemes are less critical since they are UE specific and of informative value only and can always be introduced in a later release without backward compatibility problems. We should of course do our best to progress feedback as well, but it is clear that CSI RS plays a much more fundamental role so let’s do a thorough work there so that we don’t regret the decisions later.

Testing of new feedback schemes (if specified)

[Alcatel-Lucent]   The methodology for testing explicit feedback could be achieved through a selected subset of system configurations.  
[Philips] Testing may be simplified if it can focus on SU-MIMO. In this case it would be desirable if the same type(s) of UE feedback (and eNB transmission) are supported in SU-MIMO and MU-MIMO (and CoMP).   

[CEWiT] It is a little premature to discuss without knowing what the new feedback will look like. Perhaps we can revisit at the end of this meeting.

[Nokia, Nokia Siemens Networks]  Testability of UE feedback schemes needs to taken into account already at the time of the design to ensure that any promised gain translates effectively to practical deployments. Proponents are encouraged to demonstrate how testability of their scheme can be ensured.

[TI]: Agree with Nokia/NSN. All proposals on enhanced UE feedback should be accompanied by a clear and thorough proof of testability. 

[QCOM] We feel that testing can be limited to a single transmission scheme (e.g. SU-MIMO) as long as we can agree on a single common spatial feedback type to address various schemes. 

[Motorola] Testing methods can be defined based on similar Rel-8 principle that is based on relative performance improvement with enhanced feedback (e.g., beamforming based on feedback versus random beamforming as in Rel-8 PMI test). eNB transmission mode/condition in the test mode can be simplified (e.g., SU) and carefully defined (it is not expected to be much different than Rel-8/9 MU-MIMO). 

[ZTE] Testing can be achieved through Rel 8 type of scheme that focuses on SU-MIMO. [Vodafone] New testing methodology for explicit feedback (if supported) has to be developed for IOT. However, we don’t think the testability should be an issue used to prevent explicit feedback development. Explicit feedback at the first step should be justified by performance and overhead estimations.
[RIM]  We also feel that testability could be considered when selecting appropriate feedback scheme. SU-MIMO could be one scenario used for such testing. 
[NEC] Agree with Philips. RAN4 test methodology can be simplified by considering basic SU-MIMO case only.

[Pantech] More effort should also be put on the performance gain by MU-MIMO. And the performance gain of MU-MIMO over SU-MIMO is FFS. 

[Ericsson] Without proper testing, there is no practical performance gain and our standardization efforts should target real-life performance. Hence, it is clear that testing, just as well as parameter estimation impairments and realistic traffic conditions, cannot be ignored when we design the feedback scheme. 

[Samsung] Anyway the testing for MU-MIMO is a new testing task even for Rel. 8 implicit CQI/PMI/RI feedback. It needs to be discussed whether to create a new procedure for testing MU-MIMO operation. Therefore, we should focus on the additional test of spatial information feedback for SU-MIMO to see if it is testable. We discussed two alternatives of testing procedures for explicit feedback information in R1-100120. One is very similar to what we already have for Rel-8 PMI feedback testing and the other is a method of direct test by feeding a random MIMO channel matrix to the UE.

[Panasonic] Same view as Philips. 
[CMCC]: share some of the views from Motorola to some extend. 
[Orange] New forms of feedback need to be testable.
