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1 
Introduction
During RAN#53 the revised DL MIMO Enhancements SI has been agreed as one of the priority topics to be handled during the next months in RAN1. Special attention in the SID is given on CSI Feedback Enhancements and during the email discussion, the scenarios A, B and C have been defined as priority scenarios for investigation of possible CSI enhancements.
In this contribution we focus on the case of single-point CSI feedback discussion for the defined scenarios A and C, where the antennas for DL MIMO operation as co-located at a single physical location. The specific possible CSI enhancements for Scenario B, namely related to PMI feedback support for physically separated TX antennas of the cell, are closely related to PMI information for CoMP operation, and therefore are considered in [1].
2 
Candidate CSI Feedback Enhancements
When considering CSI feedback enhancements in general, the increase in computational complexity for the UE related to feedback processing needs to be taken seriously into account in the development of Rel. 11 CSI feedback enhancements. Therefore, the feedback processing requirements (incl. feedback processing time) is an issue that requires a lot of attention in this respect during the Rel. 11 timeframe.

Proposal: Consider the feedback computation requirements (and the related feedback processing time) as a high priority side-condition in the Rel.11 CSI feedback enhancements studies

In this remainder of this section, we discuss some of the candidate CSI feedback enhancements proposed in RAN1 so far. Please note, that sometimes the categorization between the different enhancements is rather hard, as usually the CSI consisting of RI, PMI and CQI are very much interlinked and it is not always possible to consider each of them separately without taking into account the others as well. 
2.1 Enhancements to interference measurements based on CSI-RS

The references REs to be used for interference measurement are not specified in current RAN1 specifications but the common assumption is CRS based interference estimation. The advantage of CRS based interference estimation comes from the fact of the CRS RE being available in relatively large numbers in each DL subframe resulting in relatively good accuracy enabled by the possible time-domain averaging.

Study on new CSI-RS based interference measurements has been proposed by several companies, that might be required for COMP Scenario 4 / DL MIMO Scenario B as the CRS based interference estimate does not correctly reflect the interference caused by a different transmission point within the same-cell. We see these studies as important for the support of these deployments but don’t think that independent studies, outside of the deployment scenarios 4 and B requiring this feature, would be required.

Our earlier proposal showed that the interference estimation accuracy based on CSI-RS will be significantly lower compared to CRS based interference estimation due to the lower number of available REs to base the estimate on. The best features and enhancements in Rel.11 will have little value, if due to inaccurate interference estimation and corresponding CQI accuracy the operation of advanced features is jeopardized, which might particularly affect operation of Scenarios 4 & B. Moving in general in Rel. 11 from CRS based interference measurement to CSI-RS based measurement for all possible TM9 based transmission therefore does not seem to be reasonable! 

Observation: The feasibility of reasonable interference estimation accuracy would need to be studied before specifying CSI-RS based interference estimation for the scenarios requiring it.

Proposal: Keep the baseline assumption of CRS based interference estimation for all TM9 based transmission not specifically requiring CSI-RS based estimation
As mentioned above, CRS based interference measurements might not correctly reflect the interference situation, e.g. for DL MIMO scenario B and COMP Scenario 4. At a first look, this problem could be circumvented by basing the interference estimation on CSI-RS.
But there seems to be a contradiction of providing sufficient channel estimation accuracy and interference estimation capabilities based on CSI-RS at the same time! In Rel. 10, the zero-power CSI-RS configuration (aka CSI-RS muting) has been introduced in order to decrease the interference for CSI-RS REs and thereby guarantee a sufficient channel estimation quality based on the rather sparse CSI-RS REs. But for interference estimation purposes the muting must not be applied for the dominant, neighboring transmission points for Scenario 4 & B.
Therefore, enabling CSI-RS interference estimation reflecting the intended interference behavior on the CSI-RS REs and at the same time guaranteeing an accurate overall CSI estimate seems not feasible. This contradiction would need to be clarified and detailed studies on the degradation of the CSI accuracy by refraining from configuring zero-power CSI-RS ports would need to be carried out.
Proposal: The obvious contradiction between CSI accuracy and interference estimation capabilities based on CSI-RS with respect to CSI-RS muting requires detailed performance studies.
2.2 CQI Enhancements targeting MU-MIMO operation

Already since the original design of DL MIMO in LTE Rel. 8 there have been proposals to specify CQI reporting mechanisms supporting better MU-MIMO operation. Those proposals have been either related to an additional MU-MIMO CQI or alternatively replacing the SU-MIMO with a MU-MIMO specific CQI. The proposals have been extensively studied in Rel.10 time frame and it is clear that the major challenges related to MU-MIMO operation are not related to CQI accuracy but more to other aspects, e.g. PDCCH capacity. Besides, whenever MU-MIMO is considered, SU/MU dynamical switching should be supported. This basic principle must be kept when considering MU-MIMO enhancement.

Observation: In the investigations related to MU-MIMO CQI, scheduling restrictions given by PDCCH capacity as well as the related dynamic SU/MU-MIMO fallback would need to be taken into account.
2.3 PMI Enhancements targeting MU-MIMO operation

PMI enhancements are one of the issues specifically mentioned to be studied as part of the Rel.11 DL MIMO Enhancements study item. There seems to be the common understanding that the gains of possible PMI enhancements will be very much limited for SU-MIMO operation. The opportunities to provide system performance gains by PMI enhancements combined with other possible MU-MIMO CSI enhancements seem to be more promising, which justifies the focus on MU-MIMO as such.

So far, the discussion on MU-MIMO PMI enhancements in different companies’ contributions has been beside other proposals mainly focusing on the following points, identified during the related Rel. 10 studies already:
· Codebooks optimized for X-pol eNB antenna setups

· Finer granularity, i.e. larger (effective) codebook

· Best-companion PMI

· Rel. 10 type of w1/w2 codebook structure of 8TX to be adopted for 4TX

In general, the increase in complexity and/or signalling overhead would need to be justified by adequate system performance gains. In the performance evaluations, limitations on the number of users to be scheduled in a subframe due to PDCCH capacity limitations and the related required dynamic SU/MU-MIMO switching would need to be included in the evaluations in order to end up with the realizable system performance gains for MU-MIMO as pointed out in the MU-MIMO CQI discussions. Furthermore, the feedback overhead and its impact on UL coverage should also be taken into account in the studies: for example it is not realistic to assume that cell-edge UEs would be capable of providing large CSI reports to the eNodeB reliably. Furthermore, also related to the interference estimation, realistic channel estimation (i.e. CSI-RS based) should be assumed as otherwise the benefit of e.g. finer granularity codebooks is easily overestimated. 
Proposal: Practical limitations on users/subframe and the related required dynamic SU/MU-MIMO switching to be included when evaluating the performance gains of MU-MIMO enhancements. Furthermore, non-idealities in channel estimation as well as UL feedback coverage and capacity need to be kept in mind as well.
Explicit channel feedback has been mentioned by various contributions during RAN1#66 as a possible CSI feedback enhancement replacing PMI. As already stated in [2], we would like to again draw the attention to the problematic of an unclear definition of CQI with explicit channel feedback, including UE test case definition and testability. 

Explicit channel feedback has been a point for discussion in LTE since the beginning of the Rel. 8 work. The main reason for choosing implicit feedback (and so far sticking to it) has been related to the UE testing issues, as we have also raised during the related Rel. 10 discussions. 

The RAN4 test procedure for CQI and PMI relies on a closed loop operation where the eNodeB transmits DL data to the UE according to the CQI & PMI information the UE provides to it. In order to pass the test the resulting BLER may not exceed 10%. However, with explicit feedback it becomes impossible for the UE to estimate CQI as the UE does not know what precoding the eNodeB shall apply. Therefore current test methodology is not easily applicable and any potential benefits of explicit feedback are lost as the accuracy and correctness of the UE feedback cannot be verified.  

Proposal: Consider implicit channel framework (PMI) as the basis for CSI feedback in Rel. 11 Enhanced DL MIMO studies. RAN4 related testing issues should be clarified before considering explicit feedback as alternative.

2.4 Increased f-domain CSI granularity for MU-MIMO
There has been interest by several companies to investigate an increase in the frequency-domain CSI granularity, namely enabling reporting of narrow-band CQI and narrow-band PMI, motivated by a MU-MIMO performance loss due to time-alignment errors between the different transmission antennas.

As already stated in [2], the timing alignment errors in the real network are very much dependent on the vendor specific implementation combined with the applied operator specific antenna configurations (e.g. RRH vs. traditional RF feed installations etc.). We see reducing, calibrating or mitigating the effect of TAE as an implementation specific opportunity for infrastructure vendors’ differentiation.
As a consequence, we do not see any specific imminent need to study & specify joint NB CQI & PMI, which would just unnecessarily increase the required feedback overhead in order to justify loose implementations for single-point DL MIMO operation.
Proposal: Studies on joint narrowband CQI & PMI reporting are not seen as needed – TAE to be solved as a vendor specific implementation issue.
2.5 Rank reporting enhancements for Rel. 11

The discussion on rank-reporting on the RAN1 email reflector is still going on. As currently, there is not an official decision available that the rank related investigations are to be carried out under the CSI Enhancements or the real-life issues, we discuss rank related issues in a separate contribution [3].
3 
Conclusion
In this contribution we discuss CSI Enhancements envisioned for Rel. 11. Based on the reflections, the essence of this contribution can be summarized in the following proposals and observations:

Proposal 1: Consider the feedback computation requirements (and the related feedback processing time) as a high priority side-condition in the Rel.11 CSI feedback enhancements studies
Observation 1: The feasibility of reasonable interference estimation accuracy would need to be studied before specifying CSI-RS based interference estimation for the scenarios requiring it.

Proposal 2: Keep the baseline assumption of CRS based interference estimation for all TM9 based transmission not specifically requiring CSI-RS based estimation
Proposal 3: The obvious contradiction between CSI accuracy and interference estimation capabilities based on CSI-RS with respect to CSI-RS muting requires detailed performance studies.
Observation 2: In the investigations related to MU-MIMO CQI, scheduling restrictions given by PDCCH capacity as well as the related dynamic SU/MU-MIMO fallback would need to be taken into account.
Proposal 4: Practical limitations on users/subframe and the related required dynamic SU/MU-MIMO switching to be included when evaluating the performance gains of MU-MIMO enhancements. Furthermore, non-idealities in channel estimation as well as UL feedback coverage and capacity need to be kept in mind as well.
Proposal 5: Consider implicit channel framework (PMI) as the basis for CSI feedback in Rel. 11 Enhanced DL MIMO studies. RAN4 related testing issues should be clarified before considering explicit feedback as alternative.
Proposal 6: Studies on joint narrowband CQI & PMI reporting are not seen as needed – TAE to be solved as a vendor specific implementation issue.
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