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1
Introduction

Rel’10 UE feedback in support of single cell SU/MU MIMO and CoMP is a controversial issue which split the companies’ views in RAN1#58b, leading to two ways forward [1], [2] on the topic. In this contribution we would like to highlight several aspects related to both implicit and explicit feedback and raise awareness on some practical design issues.
2
Practical feedback and its realistic utilization
Following PMI recommendation is a practical way of achieving SU-/MU-MIMO gains. It is well-known that PMI feedback offers one of the most efficient ways to grab SU-MIMO gains. Looking at the two ways forward from previous meeting one may get the impression that explicit feedback is the only true enabler for MU-MIMO gains. This is in fact a false conclusion. Precoding matrices are quantized entities of explicit information which otherwise is costly or impossible to feed back to the transmitter under practical constraints. Moreover, there are several key design requirements which PMI feedback methodology already fulfils: 
· PMI feedback is testable, bringing reliability to the feedback/precoding technique and being the key to practical system deployment. 
· PMI feedback provides countable benefit in terms of feedback overhead which can be directly mapped to practical gains, leading to a balanced system design. 
While explicit feedback is perhaps the Holy Grail in terms of theoretical performance of closed-loop feedback, there is no possibility to translate this to real systems if above mentioned practical constraints are to be fulfilled.  The methods relying on implicit feedback are well compliant with the current RAN4 test methodologies as well as UE and network implementation. In fact RAN4 is still struggling to finalize the CSI requirement specification for LTE Rel-8. In that light, rewriting the whole CSI feedback paradigm in LTE-Rel-10 seems very risky indeed, given the rather ambitious timeline that has been set for the release completion. For the sake of sound, practical design, we strongly believe that 3GPP has to build on the proven track of LTE Rel’8 teachings and system practicality. 
Achieving MU-MIMO gains with implicit feedback. As mentioned in the previous paragraph, following PMI recommendation is a way of achiving practical MU-MIMO gains. In the course of LTE Rel’8 design there have been various proposals in this respect, starting from MU-MIMO specific codebooks and ending up with specific recommendations like preferred best/worst paired PMI. Additionally, ordered subspace in the form of PMI feedback can further improve performance, bringing the same benefits as explicit feedback. Two main enablers of accurate and flexible PMI manipulation are to be/designed by RAN1: dedicated reference symbols for demodulation (DM-RS) and periodic & sparse reference symbols for CSI/CQI feedback (CSI-RS)
With the introduction of precoded DM-RS for demodulation, true eNB flexibility is enabled in terms of MU-MIMO pairing and precoding. On the CSI-RS side, a sufficient RE density per port allows for reliable CSI estimation at UE side and hence a reliable mapping of the CSI in the quantized form of PMIs. 
Reliability of the CSI measurement. It has been claimed that in order to optimize the performance of both SU- and MU-MIMO in LTE-Advanced more accurate channel feedback is required. It is rather obvious that increasing the granularity of the feedback in terms of quantizations levels improves performance when practical impairments related to the CSI measurement are ignored. However, in reality CSI accuracy and feedback granularity are two different things: increasing granularity does not help if the accuracy isn’t high enough to begin with. Already in LTE Rel-8 it was concluded that 2 – 4 bits are sufficient for describing the channel state and offer a balanced system design. Furthermore, the main aspect impacting the CSI measurement is the reference symbol design itself:
· In LTE Rel-8 the CSI measurement is based upon common RS (density of 8 RE/antenna port/RB)
· InLTE-Advanced downlink MIMO, it is expected that the CSI will be measured from the CSI-RS. The discussion on the CSI-RS density is currently ongoing, but the current agreement is to have 1 – 2 RE/antenna port/RB. 

Furthermore, the CSI-RS will only be present in a fraction of subframes in order to avoid excessive burden to LTE Rel-8 legacy UEs, thus making time domain averaging of the CSI-RS impractical if not impossible. CSI-RS were agreed to be sparser in frequency as well wrt. CRS. Considering the above it is obvious that the accuracy of the CSI measurement in LTE-Advanced will clearly be inferior when compared to LTE-Rel-8. Hence it does not seem to make much sense to depart from LTE Rel-8 assumptions by increasing the feedback granularity.

Clearly, there should be an agreement on the CSI-RS pattern or at least the density before deciding on the actual feedback scheme. This would allow setting a bound on the achievable CSI estimation accuracy. We also propose to take the impact of CSI measurement inaccuracies (realistic channel / interference estimation as well as delay) into account in further simulations. 

3 Conclusions

In this document we discussed several aspects related to the feedback design in LTE-Advanced. As a summary it can be concluded that:
· Maintaining the implicit feedback framework does not mean the importance of MU-MIMO is somehow undermined. We see the MU-MIMO as a very elemental part of LTE-Advanced downlink MIMO operation. However, any major changes to the system operation wrt feedback need to be justified with practical realizable performance benefits. 

· Following PMI recommendation is a practical way of achieving MU-MIMO gains. These methods are well compliant with the current RAN4 test methodologies as well as UE and network implementations.

· Before moving ahead with the implicit vs. explicit feedback design selection there should be an agreement on the CSI-RS structure (at least the density).
· In the performance analysis of DL SU-/MU-MIMO the practical impairments affectying the CSI measurement quality should be taken into account. i.e. delay and channel estimation errors should be modelled. 
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