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1. Introduction
In [1], a two-stage framework was agreed for the enhanced feedback for MU-MIMO in Rel-10. This was further developed in [2] which was agreed at RAN1 #60bis. The major different feedback proposals discussed in RAN1 can be categorized into two approaches as addressed in [3]. 
One approach is based on a “tall” long-term/wideband component. In this approach, 
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 targets for aligning the signals sent by antennas having the same polarization towards the direction of the user, while 
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 targets the equivalent low-rank channel across different polarizations (see for example [4, 5, 6]). 
The other approach is based on a square long-term/wideband component. The main idea of this approach is to restrict the quantization space to match the codebook to a particular propagation scenario [5, 7, 8]. 
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 targets a linear transformation of the quantization space in such a way that the precoding vector density is increased and thereby the quantization error is reduced in preferred directions. 
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 targets selecting a vector within the transformed space. 
We believe these two approaches should be compared by simulation before taking any further decision, under different propagation scenarios.

This paper provides some preliminary evaluation results to compare these two feedback approaches for 4 Tx with closely spaced cross-polarized.
2. Descriptions of the two-stage feedback approaches
2.1 Approach 1 (tall long-term/wideband component)
This approach has been mainly discussed in [4, 5, 6] tailored to cross-polarized antennas. According to [4], it can be beneficial to use MU-MIMO to exploit the correlated domain for separating UEs. 
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 is therefore responsible for the UE separation. An example of the long-term precoder 
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 has a block diagonal structure,


[image: image7.wmf]ú

û

ù

ê

ë

é

=

1

1

1

~

~

W

0

0

W

W


For 4Tx configuration in this contribution, 
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 is a 2x1 beamforming vector and selected from the DFT codebook close to the principle eigenvector of the channel corresponding to the co-polarized antenna group, and 
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 is chosen from the Rel-8 2-Tx codebook with rank adaptation to maximize the equivalent low-rank channel capacity. Since 
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 is responsible for the UE separation, co-scheduled UEs are restricted to UE pairs reporting orthogonal 
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. Non-orthogonal scheduling is also possible, but the performance may be less good considering the increased multi-user interference from the co-scheduled UEs. Dynamic switching between SU-MIMO and MU-MIMO is implemented to provide good performance. Up to 2 UEs can be co-scheduled simultaneously on a subband with up to rank-2 per UE.
As for the CQI calculation and feedback, we evaluate two schemes. One is to feed back a single SU-MIMO CQI, and the other is to feed back both SU-MIMO CQI and MU-MIMO CQI. The MU-MIMO CQI is calculated taking into account the multi-user interference of a strongest interfering hypothetical beamforming vector in 
[image: image12.wmf]1

C

 which is orthogonal to the UE’s reporting 
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. The transmit power is equally allocated to each layer.

2.2 Approach 2 (square long-term/wideband component)
Aligned with the agreed two-stage codebook structure, here, the 
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 is a 4x4 matrix and 
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 is a 4x1 vector which is selected from the base codebook of Rel-8 4-Tx rank 1 codebook on each subband. That is, up to 4 UEs can be co-scheduled and each UE is restricted to rank 1. The relevant operations for deriving 
[image: image16.wmf]1

W

 can be found in [5, 9] and codebook design approaches in [10]. All these referred Tdocs focus on 4Tx co-polarized antennas. In this Tdoc, we apply this feedback approach to cross-polarized antenna directly to see how it performs.
We evaluate the long-term wideband 
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 with no quantization and short-term narrowband 
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 reusing Rel-8 feedback in the simulation. In order to observe if it is beneficial to apply 
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 on the top of 
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, we simulate the feedback scheme with only 
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 but without 
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 for comparison. As shown in [10], with advanced long-term codebook design, the performance degradation from such a quantization is quite limited. Further performance evaluation with realistic quantization will be provided in later meetings. The eNB applies ZF precoding based on the transformed precoding vectors. 
3. System-level simulation assumptions and results
For the feedback approach 1, we simulate 2-bit and 3-bit size of the DFT codebook to see the impact of the beamforming pattern granularity in space domain. For SU-MIMO, only feedback approach 1 is applied, while for MU-MIMO, both approach 1 and 2 are compared. Other simulation assumptions and parameters are listed in the Annex. Preliminary system-level simulation results are shown in Table 1 corresponding to cross-polarized antenna.
Table 1 Cross-polarized results
	
	Feedback

Approach
	Feedback context
	Average SE (bps/Hz/cell)
	Cell-edge SE (bps/Hz/cell/user)

	SU-MIMO
	1
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: 2-bit DFT
	2.69
	0.081

	SU-MIMO
	1
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: 3-bit DFT
	2.73
	0.083

	MU-MIMO
	1
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: 2-bit DFT, SU CQI
	1.91
	0.043

	MU-MIMO
	1
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: 2-bit DFT, SU/MU CQI
	2.69
	0.080

	MU-MIMO
	1
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: 3-bit DFT, SU CQI
	2.39
	0.058

	MU-MIMO
	1
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: 3-bit DFT, SU/MU CQI
	2.75
	0.082

	MU-MIMO
	2
	ZF w/o 
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 w/ 
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	2.18
	0.096

	MU-MIMO
	2
	ZF w/ 
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 w/ 
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	2.92
	0.107


Observations:

1) CQI affects performance of approach 1 significantly. It suffers from significant performance loss, and even worse than SU-MIMO, if it is based on SU-CQI feedback. This mainly results from that the reported CQI doesn’t match the actual CQI because of severe multi-user interference even if the UEs with orthogonal 
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 are co-scheduled. With additional feedback of MU-CQI, its performance is improved.

2) Increasing the codebook size of 
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 can improve the performance slightly. The limited improvement is mainly because the spatial degree of freedom of 2 co-polarized antennas is restricted to 2, and increased codebook size therefore does not help much. For 8Tx, much gain is expected from increasing the codebook size.
3) Compared to SU-MIMO, approach 1 only brings some marginal gain in cross-polarized antenna.

4) With spatial correlation feedback, approach 2 is more robust to antenna configurations, and brings significant gain of 34% over the scheme without spatial correlation feedback. Compared to approach 1, approach 2 is better for the given antenna configuration, and brings significant gain about 50% over the SU-MIMO.
Actually, there are some limitations in the simulations for approach 2, and further optimization may improve its performance, particularly in cross-polarized antennas, at least for 4Tx.
We observe that the principal eigenvalues of cross-polarized antennas are somewhat smaller than those of co-polarized antennas so that higher rank per UE is desirable to improve the performance. Rank 1 per UE is more suitable in co-polarized antenna configuration.
4. Conclusion
This paper evaluates two major feedback approaches proposed in previous RAN1 meetings. Simulation results show for 4Tx cross-polarized antenna, approach 2 based on square wideband/long-term feedback is more robust to spatial correlated channels, and brings more gain than approach 1 based on tall wideband/long-term feedback. 
Comparisons of both feedback approaches in 4 Tx co-polarized antenna and 8Tx cross-polarized antenna and/or with more realistic channel impairment modelling needs further investigation.
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Annex
	Parameter
	Assumptions used for evaluation

	Deployment scenario
	3GPP case 1 3D, SCM-UMa with large angle spread

	Duplex method and bandwidths
	FDD: 10MHz for downlink

	Network synchronization
	Synchronized

	Handover margin
	1.0 dB

	Antenna configuration (eNB)
	0.5 wavelengths between antennas (4 Tx: XX )

	Antenna configuration (UE)
	Vertically polarized antennas with 0.5 wavelengths separation at UE (2 Rx: ||)

	Downlink transmission scheme
	SU-MIMO: 
· Feedback approach 1 with rank adaptation

MU-MIMO: 
· Feedback approach 1: dynamic SU/MU-MIMO switching, rank adaptation for each UE, maximal 2 co-scheduled UEs

· Feedback approach 2: rank 1 per UE, maximal 4 co-scheduled UEs

	Downlink scheduler
	Proportional fair in time and frequency

	Feedback assumptions
	SU-MIMO: 
· Feedback approach 1: long-term wideband 
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 (beamforming vector) report, subband 
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, subband CQI
MU-MIMO: 

· Feedback approach 1: long-term wideband 
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 (beamforming vector) report, subband 
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, subband CQI
· Feedback approach 12: long-term wideband 
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 (spatial correlation matrix) report, subband 
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, subband CQI

Subband PMI/CQI report with 5ms periodicity, 6ms delay

Long-term PMI report with 100ms periodicity, 6ms delay

Subband CQI with measurement error: N(0,1dB) per PRB

	Downlink HARQ scheme
	Chase combining

	Downlink receiver type
	MMSE

	Channel estimation
	Ideal

	Control channel and reference signal overhead
	As agreed in ITU assumption with DL CCH of 3 OFDM symbols

LTE Rel.8 : 0.3158

LTE-A: 0.3063
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