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1. Introduction

There has been a controversial issue concerning UE feedback information for LTE-advanced. In order to reach the requirement of LTE-A, several types of CSI feedback information such as explicit/implicit feedback have been proposed so far for system performance enhancement. Among CSI feedback types, explicit CSI feedback means that a UE feeds back the spatial channel as observed by the receiver, without assuming any transmission or receiver processing. Although it provides significant system performance gain, its feedback overhead seems to be intolerable in a system. On the other hand, UE might use hypotheses of different transmission and/or reception processing for implicit CSI feedback. This CSI feedback information provides reasonable performance gain with acceptable feedback overhead under single cell scenario in various transmission modes.

So far, these feedback issues have been actively discussed and two way-forwards [1]-[2] were proposed in RAN1 #59 meeting. Although each way-forward focuses on different feedback type such as explicit and implicit, both proposals support at least implicit feedback for single cell feedback. Therefore, in this contribution, we discuss on the possible extension of Rel-8 PMI/CQI/RI MU-MIMO feedback schemes [3]-[4] and evaluate some candidate enhanced feedback schemes.
2. Candidates of enhancement for MU-MIMO feedback
In Rel-8, simple SDMA-based MU-MIMO is employed with SU-MIMO feedback so that the MU-MIMO gain is not fully exploited since it simply reuse SU-MIMO feedback optimized for single user transmission scenario. Therefore, several feedback proposals [3]-[7] have been proposed in LTE-A so far for better support of MU-MIMO and fulfilling LTE-A requirements. The proposals seem to be categorized by feedback codebook enhancement and additional MU-MIMO specific feedback. The former focuses on higher resolution of the feedback codebook so that finer spatial channel quantization could be supported and the latter tries to give additional information for MU-MIMO pairing to minimize co-channel interference. Followings are some further details on the feedback schemes according to the categories.
· Feedback codebook enhancement
· Large codebook set support [5], [6]
To provide higher resolution feedback, the simplest way could be enlarge the codebook size with additional feedback overhead so that finer spatial channel quantization could be supported. In Rel-8, 4 bit size codebook is employed for 4Tx antenna support and its design is mainly focused on SU-MIMO support. Therefore, more than 4 bit size codebook could be employed if the gain from additional feedback overhead is acceptable.

· Adaptive codebook [5]-[7]
Comparing with fixed codebook set, adaptive codebook is transformed version of the fixed codebook with spatial channel correlation. Such additional transformation is adapted in long-term spatial channel statistics. These types of codebook provide performance gain in various environments compared to the simple fixed codebook without newly designed codebook. As alternatives, downloadable codebook and scalable codebook have been also proposed.
· Additional MU-MIMO specific information feedback

As MU-MIMO specific feedbacks for the performance enhancement, spatial domain information of co-scheduled UE such as best companion [3] and 2nd best PMI [4] can be considered to mitigate co-channel interference at eNB transmitter. 
For the best companion, a UE first reports a PMI for itself as similar to SU-MIMO and recommended PMI(s) for co-scheduled UE(s) to mitigate CQI mismatch and co-channel interference level. After collecting ‘best companion’(s) for MU-MIMO, an eNB nulls co-channel interference at a transmitter (e.g., ZF-Beamforming). To assist this feedback scheme, UE may report additional information such as interference level reduction or effective channel quality transition which can be achieved with the reported PMI.

In this section, we discussed on several MU-MIMO feedback enhancement schemes. Among them, it is quite expectable that the increasing codebook size may provide additional performance gain although its gain would be saturated in a certain level. Therefore, we here evaluate MU-MIMO performance with best companion feedback to see whether its performance gain reasonable.
3. System-level Performance Evaluation
In this section, we evaluate three MU-MIMO feedback cases as follows:

· Conventional MU-MIMO
· MU-MIMO with best companion

· MU-MIMO with best companion (reference rank provided)

Here, the conventional MU-MIMO is that a UE calculates CQI value based on SU-MIMO transmission and reports it to an eNB, and the eNB schedules multiple UEs based on these feedback information via brute-force search (e.g. exhaustive search). In addition, the reference rank implies that a eNB let a UE know the typical transmission rank for MU-MIMO so that a UE feedback is calculated based on the reference rank.

In this evaluation, the number of co-scheduled UE on the same resource is maximum 2 or 4 and 1 best companion is only allowed for best companion based MU-MIMO scheme. For further details of the system level evaluation, see the table 1 and table 2 in Appendix A.

The figure 1 shows that the ‘MU-MIMO with best companion’ and ‘MU-MIMO w/ best companion and w/ reference rank indication’ schemes provide 16.5%, 26% average sector throughput gain at 4 co-scheduled UE case, respectively, compared with conventional MU-MIMO scheme without reporting best companion. The gain seems to be more significant if the best companion reporting is used in combination with reference rank for CQI calculation.
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Figure 1. Relative throughput gain of MU-MIMO with best companion
4. Conclusion

In this contribution, we discussed on UE feedback information for enhanced MU-MIMO based on the extension of Rel-8 PMI/CQI/RI feedback. From the observations, our view can be summarized as follows:
· Enhanced feedback support for MU-MIMO in LTE-A seems to be necessary to fulfill LTE-A requirement.

· Extension of Rel-8 PMI/CQI/RI for enhanced feedback may provide enhanced MU-MIMO performance while keeping low feedback overhead.

· Additional best companion feedback seems to provide reasonable performance gain considering additional feedback overhead.

References

[1] R1-095097  Way Forward on UE Feedback
Ericsson, ST-Ericsson, NTT DoCoMo, Texas Instruments, Nokia, Nokia Siemens Networks, Panasonic, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Mitsubishi Electric, RIM, Sharp, CEWiT 
[2] R1-095102
Way forward on UE feedback
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ETRI, Fujitsu, HTC, Huawei, Icera Semiconductor, InterDigital Communications, Marvell, Motorola, Philips, Qualcomm Europe, Samsung, TD Tech, Vodafone, ZTE 
[3] R1-094613
Best companion reporting for single-cell MU-MIMO pairing
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[4] R1-095019
Downlink MU-MIMO and related feedback support
Texas Instruments .

[5] R1-094875
Extending the UE feedback for efficient MU-MIMO and CoMP
Qualcomm Europe
[6] R1-094695
Extension to Rel. 8 PMI feedback by adaptive codebook
Huawei
[7] R1-094618
Adaptable Codebooks for MU-MIMO
Alcatel-Lucent, Alcatel-Lucent Shanghai Bel
Appendix A

Table 1  Basic simulation assumption

	Parameter
	Assumption

	System Bandwidth
	5MHz

	Center frequency 
	fc : 2.5 GHz

	Subframe length
	1.0 ms

	Frequency granularity 

for PMI and CQI feedback
	4 RB

	Channel Models
	ITU Urban Micro

	Mobile Speed (km/h)
	3 km/h

	MCS
	Rel-8 MCS 24 levels

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Codebook scheme
	Rel-8 HH codebook without codebook subset restriction (4bit)

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Transmission scheme
	MU-MIMO based on ZF-Beamforming

	Antenna mapping
	½ λ

	Receiver Type
	MMSE

	Channel Estimation
	Perfect channel estimation


Table 2  System parameter assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 1 cell sites, 3 sectors per site
(Center cell manner)

	Distance-dependent path loss
	PL(LOS) = 22.0log10(d) + 28.0 + 20log10(fc)

PL(LOS) = 40log10(d1) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc)  
PL(NLOS) = 36.7log10(d) + 22.7 + 26log10(fc) 

	Total Node-B TX power
	43dBm (5MHz)

	Target block error rate
	10 %

	HARQ
	Chase combining with maximum retransmission 4

	Users per sector
	10

	Link Mapping
	Mutual information based

	Feedback delay for serving eNB
	3ms

	PMI set reporting period
	5ms















































