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1 Introduction

This contribution discusses possible CSI feedback enhancements in Rel-12 WI: Further Downlink MIMO Enhancement for LTE-Advanced [1]. We assume the main objective is to improve DL throughput with 4 Tx cross-polarized (X-pol) antenna and with MU-MIMO operation. 
2 Possible CSI Feedback Enhancements
2.1 PUSCH mode 3-2

In our view, generally PUSCH mode 3-1 is the reporting mode that yields the best DL throughput in Rel-11 that represents frequency selective CQI. Therefore, to further improve DL throughput in Rel-12, it is natural to further enhance PUSCH mode 3-1. One natural extension is to specify PUSCH mode 3-2 in Rel-12, which reports subband PMI in addition to subband CQI.
The overhead of subband PMI (naturally 4 bits per subband for 4 Tx) may be concerned because it is even larger than subband CQI (2 bits differential CQI per subband per codeword). There are at least two methods to reduce subband PMI overhead: 

· first is to confine the PMI to belong to a subset of the codebook, where the subset is defined by network signaling. For example, if eNB employs X-pol 4Tx antenna, the eNB could select the PMIs that fits X-pol channel characteristics. This is generally realized by codebook subset restriction, but the size of subset should be specified as four (or eight) for PUSCH mode 3-2 reporting.  If testing complexity is concerned for higher layer signalled subset, RAN1 may specify a fixed subset for X-pol antenna;
· second is to report wideband PMI and 2 bits differential subband PMI where the distance between PMIs is generally defined by the correlation between PMIs; This method is especially feasible for more LoS environment, i.e., MU-MIMO friendly environment, which is one of the main optimization points for Rel-12 DL MIMO enhancement.
It is also possible to use both methods, such as use the secondt method for rank more than one reporting, and use the first method for rank one reporting. Performance loss due to reduced subband PMI overhead should be carefully evaluated though.
2.2 Codebook Enhancements

Performance gain due to codebook enhancement was very controversial during Rel-11 DL MIMO enhancement SI [1]. In our view, it is an essential part of the overall DL MIMO enhancement WI to maximize DL throughput. Therefore we are fine to introduce new (or revised) codebook in Rel-12.
Double codebook concept is popular in RAN1 after 8 Tx discussion in Rel-10. There are trends to also apply double codebook for 4 Tx in Rel-12. However, in our view, the long term component of double codebook mainly corresponds to directional information of the channel. For closely spaced 4 Tx X-pol, the directional information is very rough (equivalent to 2 Tx), so it is not so clear if we really need double codebook for 4 Tx.
A simple codebook enhancement is antenna specific codebook. Four Tx codebook in Rel-8 is compromised for both X-pol and Uniform Linear Array (ULA) antennas, and various channels such as correlated and independent channels. Simple improvement is to design codebook for a certain antenna configuration only, e.g., closely spaced 4 Tx X-pol antenna only. An even further improvement is to optimize performance for correlated channels only (such as ITU UMa), assuming mainly to employ new codebook on macro sites.

2.3 BCI/MU-CQI
MU-MIMO is an important means to increase spectral efficiency in DL MIMO. One aspect of MU-MIMO is CQI update i.e., MCS adjustment depending on user multiplexing over spatial domain, because the transmit precoding matrix for MU-MIMO is not exactly the same as reported SU-PMI. However, we note that eNB side CQI update may be not so accurate because different UE implementations may yield different MU-CQIs. Therefore, sometimes information from UE may be helpful, this is particularly true for MU-MIMO operation.
One possible way to enhance CQI update is BCI/MU-CQI, i.e., an intended UE assumes that a certain PMI is used by the paired UE, and report the corresponding MU-CQI. Intuitively such information is helpful for eNB side CQI update. However there are still quite some remaining issues with this concept, such as 1) transmit precoding matrix of the paired UE may be not the same as the assumed BCI; and 2) reasonable feedback overhead constraint and latency.
2.4 Finer frequency granularity

CSI feedback with finer frequency granularity may improve scheduling flexibility and therefore improves system performance. This is especially true for MU-MIMO because UE pairing may be per subband. Considering the PRB bundling size in table 7.1.6.5-1 of TS 36.213, the subband size of table 7.2.1-3 could be revised as:
	System Bandwidth
	Subband Size
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	6 - 7
	NA

	8 - 10
	2

	11 - 26
	2

	27 - 63
	3

	64 - 110
	4


We assume that the above table applies to PUSCH mode 3-1/3-2 in TM9/10 only.

It is further noted that the reporting overhead would be doubled based on the above table. One way to reduce overhead is to allow semi-static switch of the subband size by eNB signalling. Other method to reduce overhead much more should also be further studied.
2.5 Enhanced Restricted Measurement
Restricted CSI measurement is already available in Rel-10 and Rel-11, namely CSI subframe set in eICIC and interference measurement resource (IMR) in DL CoMP. In our view, previous restricted measurement has not been satisfactory in terms of easy network deployment and interference fluctuation handling. Further enhancement should be pursued. On the other hand, the impact on UE complexity and testing should also be carefully taken into account. 
3 Conclusions

This contribution presents several feedback enhancement schemes that we expect to improve DL MIMO performance. We expect a certain combination of the above techniques (such as mode 3-2, new codebook, and finer frequency granularity) could provide enough system level performance gain with minimum spec complexity.
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