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1. Introduction
For LTE-A it has been agreed that dynamic switching between MU-MIMO and SU-MIMO transmission is supported. This implies that a transmission format for PDSCH can be selected by the eNB and signalled using a suitable DCI format. It is not yet clear whether this would imply dynamic switching of the transmission mode or could be supported by a single transmission mode.
However, in either case it would be of interest if UE feedback could be suitable for both MU and SU-MIMO operation [1]. This document considers some of the options for PMI, CQI and RI, with a focus on the 4x4 antenna case and Release 8 codebook.
2. UE feedback for MU-MIMO and SU-MIMO 
First we consider possible differences between feedback for MU-MIMO and SU-MIMO:
· Restricted transmission rank for MU-MIMO: the maximum number of layers per UE which may be used in MU-MIMO will be lower than the maximum for the SU-MIMO case (i.e. maximum of 2, and possibly configured to be only 1) [2]. Therefore feedback for MU-MIMO would typically be computed subject to a different rank restriction than for SU-MIMO. 
· Different codebooks for MU-MIMO and SU-MIMO: although different codebooks could be designed, it would be preferable on the grounds of simplicity to use a single codebook if possible. 
· Different assumptions about PDSCH power: the full eNB transmission power would not be available in MU-MIMO. The assumption adopted by the UE may have some effect on rank selection and hence on codebook index selection. It would also impact the CQI calculation. However, in most cases the eNB should be able to apply a suitable offset to any reported CQI value to convert between MU and SU-MIMO assumptions.  

· Different assumptions about interference: for MU-MIMO operation, for example a UE could report not only its own PMI, but also PMIs that would cause it minimum interference [3]. 
· Multiple types of feedback may be transmitted, for example PMI computed under assumptions of both SU-MIMO and MU-MIMO transmission.  However, if for example, MU and SU-MIMO are supported by different transmission modes. the details of the reporting could be different per mode (e.g. periodicity, fraction of the reports corresponding to each transmission mode), 
Considering the above we note that there are common elements in UE feedback for both MU and SU-MIMO, and possibly some components required for one and not the other.
2.1
Unified feedback mode for MU and SU-MIMO

In view of its potential simplicity, in this document we consider the possibility of configuring a feedback mode which is suitable for both MU and SU-MIMO. In general this should include (or allow to be derived) the following information:

· PMI for MU-MIMO

· PMI for SU-MIMO

· RI for MU-MIMO

· RI for SU-MIMO

· CQIs for one or two codewords for MU-MIMO

· CQIs for one or two codewords for SU-MIMO

We note that apart from a difference in transmission power (and a possible difference in interference assumptions) the same UE feedback could be appropriate for both MU-MIMO rank 1 or 2 and SU-MIMO rank 1 or 2.

We also note that the Release 8 codebook has a nested property which suggests that a codebook entry selected for one value of rank could be suitable for a different rank. In this case it could be possible, for example, to use the codebook index selected for rank 1 for the precoder for rank 2 transmissions (perhaps with some small loss of performance). Further, the eNB may be able to apply suitable corrections to the CQI values computed under the assumption of a particular rank and MU/SU-MIMO mode and derive values for a different rank/mode.  This leads to a possible simplified set of feedback components (with reduced overhead) such as:-  

· Single PMI suitable for both MU-MIMO and SU-MIMO

· RI for SU-MIMO

· CQI 
· for one codeword (under assumptions such as rank 1 and MU-MIMO)
· for two codewords (under assumptions such as rank >1 and SU-MIMO)

This information would be directly applicable for operation under the following scheduler choices:-

· MU-MIMO transmission with rank 1

· SU-MIMO transmission with the rank giving the highest rate 

By making suitable corrections to CQI values etc the eNB would also be able to support the following:-

· MU-MIMO transmission with rank 2

· SU-MIMO transmission with ranks lower than the one with the highest rate 

This proposal relies on the assumption that a single codebook index can be used efficiently for designing precoders more than one transmission rank. An initial investigation is described in the following section.
2.2 Joint optimization of codebook index for multiple ranks
In order to derive a single PMI suitable for both MU-MIMO and SU-MIMO we propose that the UE compute a joint rate for each codebook index as follows
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Where 

· 
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 is a joint codebook index, used to indicate a codebook entry (from a single codebook for MU and SU-MIMO) 
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are the transmission ranks for SU-MIMO and MU-MIMO respectively
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 are the achievable total transmission rates for SU-MIMO and MU-MIMO respectively
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 is a weighting factor.

The codebook search would give the set of 
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 which maximise the total (joint) rate. The choice of 
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can be used to bias the choice of codebook index towards MU or SU-MIMO.
Under the assumption that codebook index selection is the same for MU and SU-MIMO (apart from a rank restriction), and that rank 2 transmission in MU-MIMO can use the rank 1 codebook index, we can simplify equation (1), to give the jointly optimised rate as follows:   
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· 
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 is the joint codebook index maximising the joint rate

· 
[image: image12.wmf]opt

r

 is the transmission rank (for SU-MIMO) maximising the joint rate

To evaluate potential performance we compute the following rates:-
· 
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Case 1
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Case 2a
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Case 2b
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Case 3a
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Case 3b
Where

· 
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is the codebook index maximising the rate for the optimum rank

· 
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is the codebook index maximising the rate for rank 1

The CDFs of these total downlink rates, as calculated at the UE, are shown in Figure 1, for the Urban Micro channel, based on theoretical channel capacity.  The simulation assumptions are listed in Annex A.  
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Figure 1: Total transmission rate for different assumptions on codebook index selection and transmission rank. α=0.5, SNR=10dB.
We see in Figure 1 that the jointly optimized codebook index (solid red and green curves) gives theoretical performance close to that for individually optimized codebook indices (dashed red and green curves). These results support the proposal that a jointly optimized codebook index for rank 1 and the rank maximising the total rate can give good performance for both rank 1 and “optimum” rank. This would allow a common feedback mode for SU-MIMO and MU-MIMO and provide some reduction in UE feedback overhead by reporting a single PMI for both modes, instead of one PMI for each mode.   
The results in Figure 1 are for weighting factor α=0.5, which gives equal weighting to the rates for rank 1 and optimum rank. Results for α=0.25 and 0.75 in Annex B confirm that without joint optimization, codebook entries elected for one rank will not necessarily give good performance for a different rank. The value of α could be fixed in the specification, or configured, for example to adapt to different relative frequencies of eNB selection of MU or SU-MIMO operation.  
3. Conclusions
On the basis of the above discussion we conclude that:-
· Any new codebook designed for Release 10 should retain the nested property from Release 8, so that a codebook index selected for one value of rank can be used to design a precoder for a different rank.

· Joint optimisation of a single codebook index selected under different assumptions is considered as a method for reducing feedback overhead (i.e. single PMI useable for both SU-MIMO and MU-MIMO).  
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Annex A: Simulation assumptions

· Number of transmit antennas: 4

· Number of UE receive antennas: 4

· Antenna configuration: ULA

· Antenna spacing: ½ lambda

· eNB and UE array broadsides are aligned

· Transmit codebook: LTE Rel-8 for 4 Tx

· Type of simulation: link-level, narrowband (flat fading)

· Receiver: MMSE

· Number of time samples for each alpha and SNR: 2000

· Channel model: SCM, scenario=’urban_micro’

Annex B: Additional Results
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Figure B1: Total transmission rate for different assumptions on codebook index selection and transmission rank. α=0.25, SNR=10dB.
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Figure B2: Total transmission rate for different assumptions on codebook index selection and transmission rank. α=0.75, SNR=10dB.
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