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1
Introduction
At RAN#51 a new study item on downlink MIMO enhancements was agreed [1]. Among the identified enhancements, addressing issues from real life deployment scenarios was agreed to be prioritized. In this contribution, we identify a few scenarios that we expect to see frequently and that could benefit with improved feedback and other enhancements.  In particular, we consider enhancements for the following scenarios
· Feedback enhancements for SU/MU-MIMO

· Increased feedback granularity for frequency selective channels 

· Improved quantization of precoding using codebooks optimized for specific antenna configurations / increasing available payload for PMI feedback etc.
· Partial reciprocity due to asymmetric antenna configuration such as when UE transmits SRS on uplink on one transmit antenna but has two receive antennas

· Moderate and high doppler
In companion papers [2, 3] we provide additional details on the feedback enhancement for particular antenna configurations and on new transmission schemes to improve performance in moderate and high doppler.
2
Feedback Enhancements for SU- and MU-MIMO

It is well-established that significant MU-MIMO performance gains can be achieved by improving the effective CSI feedback granularity.  This is in contrast to SU-MIMO which, in most cases, achieves a satisfactory tradeoff between downlink performance and uplink CSI feedback overhead.  The reason why MU-MIMO benefits more lies in the fact that the eNB cannot simply follow the UE’s recommended precoder as is the case for SU-MIMO.  Instead, achieving competitive MU-MIMO performances relies on identifying adequate UE pairs and performing some form of transmit interference nulling to suppress interference of the co-scheduled UEs.  Clearly, the more accurate CSI information is available the more efficient this process can be made. 

Potential gains from increased CSI feedback are provided in our companion paper [2] which compares Rel-8 PMI feedback with perfect feedback of UE’s dominant eigen-directions.  The achievable MU-MIMO gains typically range from 20% up to 50% in terms of average spectral efficiency and therefore motivate a detailed study of potential improvements. 

We would like to emphasize that improving CSI feedback granularity not necessarily requires the definition of new codebooks.  Instead, there are several ways of improving the effective feedback granularity.  Some of these approaches are listed below: 

· Adaptive codebooks.  Effective feedback granularity is strongly linked with codebook design, especially for low-granularity codebooks that exploit certain properties of a specific antenna configuration (such as ULA, X-pol, etc.). Clearly, the specification of multiple codebooks is needed in order to achieve the benefits of this approach.  While this approach has not been taken in earlier releases due to the simplicity associated with supporting only a single codebook, we believe that adaptive or configurable codebooks should be considered if codebook design is revisited in Rel-11.  Specifically, different mechanisms could be considered to allow for codebook configurability.  One possible approach is allowing for downloadable codebooks for each UE.  Alternatively, the codebook may be decomposed into two components, one signaling the long-term structure of the channel and the other providing short-term spatial channel structure based on the assumed long-term structure. Furthermore, codebooks that depend on certain configuration parameters may be considered which allows employing only a small set of parameters to optimize the codebook to certain antenna configurations [4].  

· Feedback refinement techniques. Feedback refinement schemes exploit the fact that for low mobility UEs, CSI feedback is correlated in time, i.e., UEs would likely feed back the same PMI for an extended period of time.  This can be exploited by schemes such as multiple description coding (MDC) which introduces a sequence of codebooks that are used consecutively.  This way, the UE would therefore pick different PMIs and thereby enable the eNB to interpolate several feedback reports to improve accuracy.  We would like to point out that such feedback refinement is not only possible in time but also in the frequency domain across subband reports. 

· Increasing feedback granularity.  In addition to the above techniques which improve the effective feedback granularity without actually changing the feedback payload, increases to the payload could be considered as long as they are justified from an uplink overhead perspective.  From this viewpoint, the aperiodic PUSCH feedback reporting modes may be most promising as it is easier to accommodate the additional payload in this context.
Finally, improvements to MU-MIMO operation could also be achieved without effective feedback granularity enhancements by improving the UE pairing and link adaptation.  Companion feedback or MU-MIMO specific CQIs could be considered and have shown some potential for performance gain in the past.  More detailed study is needed, however, to reach consensus on the advantages and disadvantages of such approaches. 
3
Enhancements for Partial Reciprocity
Transmission schemes and feedback design for DL MIMO in LTE have so far focused on either full reciprocity or no reciprocity. However, UEs with asymmetric antenna configuration such as with 1Tx and 2Rx antennas that are likely to be prevalent in early deployments have partial reciprocity. In this section we identify some enhancements for such UEs.
In LTE Release 10 the following has been agreed with regards to bundling. When no PMI is configured for feedback, the UE shall assume that there is no bundling. When UE is configured with PMI feedback the UE should assume that bundling is used. The bundling size in this case is fixed for a given system bandwidth. The no PMI case targets full reciprocity where UE reports the average geometry and eNB determines the precoding and rank to use based on the channel measured on uplink. The assumption is that the eNB has measurements corresponding to all antennas at the UE and can choose the optimal precoder for each RB.  The obtained frequency selective precoding gains are likely to more than offset any loss due to not bundling.  The mode with PMI feedback mandates bundling at eNB. This mode primarily targets the case where the eNB relies completely on the feedback from UE to determine the rank and precoding vectors. Since the eNB does not have any other information, it is likely to use the same precoder for the entire feedback subband and hence it makes sense to perform the channel estimation jointly across the feedback subband.

We first note that for UEs with asymmetric antenna configuration some form of PMI feedback has to be configured for good performance, especially to achieve full rank. This is necessary since the eNB has only partial information about the channel response to the UE. For example for the 1Tx 2Rx UE case, the eNB can estimate the channel to one of the receive antennas (the one being used by the UE for uplink transmission) using measurements on the UL. If the eNB is transmitting at rank 1, it could beamform to this direction using per RB precoding. As is shown in Fig. 1, this performs better than using the rank 1 PMI report which considers the channel to both receive antennas but suffers from quantization loss due to the limited feedback as well as some loss due to use of the same precoder across the feedback subband. However, with the channel estimated from SRS for one receive antenna alone, the eNB can not determine when it should transmit at rank 2 and what precoder to use in that case. Based on current supported feedback modes, the eNB would be forced to configure the feedback from the UE to include PMI reports. Such a feedback configuration would mandate bundling and hence impact the frequency selective precoding gains.
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Figure 1: Comparison of Rank I MIMO using PMI feedback versus Rank 1 Eigen Beamforming based on partial channel knowledge for UE with 1Tx and 2 Rx 
From the results in Fig. 1 we see that for rank 1 transmission the eNB choosing PMI using just the channel to one receive antenna had better performance than the scheme with the rank 1 PMI reported by the UE. Even in some cases when UE would normally report rank 2 and a corresponding PMI, it is possible that the reciprocity based rank 1 scheme would perform better since the UE would not normally consider the reciprocity based precoding scheme employed by the eNB when it determines rank. Since UE has the entire channel knowledge, it can include the reciprocity based scheme as an additional hypothesis in its feedback computation.

When the UE decides to report rank 2, the eNB already has very accurate channel knowledge to one of the Rx antennas. The UE could use the PMI bits to quantize only the channel to the other receive antenna.  Note that the UE should then assume the eNB has better quantized channel estimate for the first antenna when it considers the rank 2 hypothesis in feedback computation. When UE reports rank 1 too, in the transmission scheme considered above, the PMI bits are not really used. The UE could reserve one PMI codepoint to signal to eNB that reciprocity based scheme is expected to have the best performance while other PMI codepoint could be used to quantize the channel to the second receive antenna. Use of the other code points would signal to the eNB that using a precoding vector that is optimized for channel of both receive antennas is expected to perform better in that case.   

In summary, to optimize for this scenario we propose considering the following enhancements

· Allow disabling of bundling with PMI feedback

· The PMI feedback from UE should focus on channel knowledge not already available at eNB

· The feedback computation at the UE takes into account the reciprocity based frequency selective precoding applied at the eNB
4
Enhancements for Moderate and High Doppler
In LTE Release 9 and Release 10 UE-RS based transmission modes, TM8 and TM9 respectively, were introduced. In addition CSI-RS was introduced in Release 10. Use of CSI-RS for feedback and UE-RS for demodulation is a paradigm shift in LTE from CRS based operation to UE-RS based operation and allows for simpler operation of HetNet and CoMP which were already considered in LTE Release 10 and are being enchanced for Release 11.  

The UE-RS patterns were chosen primarily for low speed performance but were designed to operate in speeds upto 120Kmph. However, transmission scheme and feedback were not optimized for higher speeds as only closed loop MIMO feedback was suppored in Release 10 with CSI-RS. For low speeds, the precoders are selected based on feedback from the UE and used before the channel has changed significantly and hence the performance is good. However, for moderate and high speed UEs the channel could have changed significantly since the feedback and using the reported PMI could have poor performance.  For such UEs, open-loop beamforming schemes that don’t rely on PMI feedback such as precoder cycling can be employed. In open loop beamforming  several different (randomly selected) precoders are used, possibly one for each RB allocated to the UE, in order to sweep many different directions and make the channel appear ergodic.  

In Fig. 2 and Fig. 3 we show the performance of closed loop precoding versus open-loop beamforming for 6RB data allocation for speeds of 3 and 30 Kmph. The detailed simulation assumptions and additonal simulation results are provided in [5]. We see that at low speed closed loop precoding performs significantly better than open-loop beamforming but at higher speeds open-loop beamforming clearly outperforms closed loop precoding. 
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Figure 2: TU 8x2 3 Kmph
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Figure 3: TU 8x2 30 Kmph
It should be noted that CRS based SFBC/LD-CDD could be used instead of introducing a new OLBF mode. However, we believe that UE-RS based solution is preferable due to the following reasons - 
· LTE is moving towards UE-RS based transmission and some designs for HetNet and CoMP require use of UE-RS. 

· Rank Limitation - In some configurations such as 8 CSI-RS ports and 1 CRS port, for 2Rx and 4Rx UEs, it is clear that open-loop beamforming will outperform large delay CDD due to the rank limitation. 

· Transmission on MBSFN subframes

· Currently no CRS based transmission schemes are defined on MBSFN subframes.

· Even if CRS based LD-CDD scheme is defined for MBSFN subframes, it is likely to perform poorly due to the absence of CRS in the PDSCH region and hence a UE-RS based scheme is necessary to support efficient data transmission to high speed UEs.

Due to its similarity with TM8/9 the transmission scheme for OL-BF is already supported.  However, new feedback mode needs to be defined to support this transmission scheme. The new feedback consists of CQI and RI but no PMI. It should be noted that when PMI feedback is not configured, bundling is disabled and eNodeB has full flexibility in choosing a different precoder for each RB. The RI/CQI is computed in a manner similar to that for large delay CDD (transmission mode 3). For example for each RI the UE computes the average rate per layer assuming the eNB allocates data to the UE using several different precoders and maps the average rate to a CQI. For MMSE receivers the CQI is same for all layers.  For advanced receivers such as MMSE-SIC the rate supported on different codewords could be different. However, a similar trade-off existed for TM3 between increased overhead for all UEs and performance improvement for some UEs where it was decided to retain just one CQI for all layers. Other enhancements like UE-RS based LD-CDD or UE-RS based SFBC could also be considered. They were discussed in [3].
In summary, to optimize for this scenario we propose considering the following enhancements

· Introduce a new feedback mode with CQI and RI to support open loop beamforming.

· Alternately, introduce TM3 like schemes that use UE-RS and corresponding feedback mode.
5
Conclusions

We discussed some scenarios that are expected to be prevalent in real life deployments that could benefit quite significantly with some simple enhancements to feedback. In particular, we see a need for optimizing feedback for different scenarios such as a feedback mode focused on UEs with asymmetric antenna configurations or a feedback mode of high speed UEs. 
We also see a need to improve feedback by increasing the codebook size and/or frequency granularity to improve SU-MIMO and MU-MIMO performance. 
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