3GPP TSG-RAN WG1 Meeting #72
R1-130417
St Julian’s, Malta, 28th January – 1st  February 2013
Agenda item:

7.3.2.2
Source:
Renesas Mobile Europe Ltd
Title:
Downlink MIMO CSI feedback enhancements for LTE-Advanced
Document for:

Discussion and Decision

1
Introduction
MIMO techniques have been supported since the very first release of LTE (Release 8), and there have not been many enhancements to the channel state information (CSI) feedback required by these techniques. Recently, in the plenary meeting RAN#58 a work item (WI) on Further Downlink MIMO Enhancement for LTE-Advanced (RP-121416) was approved. Objectives of the WI include evaluation of CSI feedback enhancements with the following sub bullets:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

Hence, the on-going work is targeting at improving the CSI feedback, especially with antenna deployments with 4-Tx arrays.
2
DL MIMO enhancements
Multi-rank feedback 

The specification support for multiple CSI-processes brings an opportunity for a single cell enhancement called here as multi-rank feedback. For example, a UE can be configured to report two CSI-processes, one with rank restricted to rank 1 and the other with rank restricted to rank 2. With this configuration, the eNB has both rank1 and rank 2 feedback from the UE. With the multi-rank feedback eNB is able to make perfect rank override decisions as well as it may combine the PMI and CQIs of different CSI-processes for multiuser transmission. For example, a UE may be scheduled in multiuser mode by using the rank 1 PMI and rank 2 stronger stream CQI, which resembles one multiuser CQI option. In [1] we show that multi-rank brings some improvement over single CSI-process. UE complexity requirement and feedback load are that of Release 11 as multi-rank is according to Rel. 11 operation. 
Proposals:

· Gains from other enhancements should be compared to the multi-rank feedback.

The total feedback load should be considered with the possibility to configure the enhancement together with multi-rank feedback.
PUSCH mode 3-1 vs 3-2

The mode 3-2 means that both CQI and PMI are fed back per sub-band. Mode 3-2 has been proposed already in previous releases, but the lack of gains were not justifying the feedback load increase compared to mode 3-1, where only CQI is feedback per sub-band. In [1], no gains of mode 3-2 have been observed. 

Proposals:

· In case the feedback granularity is increased, consider flexible feedback granularity schemes such that the feedback load is balanced with observed gains.
Increasing sub-band granularity
In the work item description, finer frequency domain granularity is mentioned for CSI feedback. This stems from the fact that especially for frequency-selective channels the current sub-band bandwidths (e.g. 6 PRBs) may be too large to capture properly the frequency-selectivity of the channel and on the other hand frequency-selectivity of the interference. Hence, performance improvements could be possibly obtained by increasing the frequency-domain granularity of the CSI feedback to match better with the radio environment. However, this also comes with increased uplink overhead as the UE will need to report CSI for an increased number of sub-bands. At the same time, the CSI processing (computational) complexity is heavily increased at the UE side since the UE will need to compute more PMIs and CQIs. For instance, halving the sub-band size would mean doubling the processing complexity as well as the uplink feedback overhead. If increase sub-band granularity is considered as an enhancement the higher granularity should be reported only for subset of sub-bands.
Proposals:

· If increasing sub-band granularity is considered as an enhancement, the higher granularity should be reported only for a subset of  sub-bands.
Release 8 codebook vs. double codebook

The double codebook described in [1] was shown to perform well when there is higher probability for MU pairing, that is in full buffer traffic conditions which is highly unrealistic. On the other side, its structural disadvantages, discussed also in [1], make it less suitable for rank 2 operation. Also, the results in [1] show the considerable losses of double codebook in finite buffer conditions, which is in fact the realistic traffic pattern, where single user transmission is used most of the time due to the nature of the traffic pattern. In single user mode, the utilization of rank 2 is the key to achieve higher user rates, especially when transmit antennas are cross polarized. 
Observation:

· Double codebook from [1] brings large losses in finite buffer due to poor rank 2 codeword set.

3
Conclusion/Recommendation
As reviewed in this contribution, the enhancements for single cell transmission all imply feedback load additions. In case the feedback granularity is increased, consider flexible feedback granularity schemes such that the feedback load is balanced with observed gains. This is important given that it is already possible to configure the UE with multiple CSI-processes. Observations and proposal of this contribution are listed as follows:
Proposals:

· Gains from other enhancements should be compared to the multi-rank feedback.

· The total feedback load should be considered with the possibility to configure the enhancement together with multi-rank feedback.
· In case the feedback granularity is increased, consider flexible feedback granularity schemes such that the feedback load is balanced with observed gains.
· If increase sub-band granularity is considered as an enhancement the higher granularity should be reported only for subset of sub-bands.
· Selected enhancements should bring benefits especially in finite buffer traffic conditions.  
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