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1. Introduction
In previous RAN WG1 meetings, both explicit and implicit feedback schemes have been considered as the potential candidates for downlink feedback solution, which mainly includes channel state information (CSI) feedback and/or channel quality (CQI) feedback. Some companies have shown their opinions and simulation results on this topic [1]-[6]. We also presented our views on the feedback types in [7] in which we concluded that Release 8 -type of implicit feedback consisting of RI, PMI and CQI reports is the baseline feedback type for DL MIMO operation including DL CoMP per-cell feedback, both in FDD and TDD. SRS-based operation complemented with implicit CQI feedback will be further considered for TDD. In this contribution, we further provide some link-level performance results to confirm our view with regard to explicit vs. implicit feedback. The study covers both single-site and intra-site JP cases. Especially, to keep fair comparison, similar overhead for different candidates is assumed in our simulation study.
2. Single-Cell Transmission
First, let us assume a single-cell multi-user MIMO transmission serving two UEs, who are allocated into the same 6 PRBs at all time. Each UE always receives a single spatial layer. No scheduling is implemented in the link-level simulator, and the simulation parameters are summarised in Table 1.
Table 1: Simulation parameters for single-cell transmission

	Channel model
	ITU-R Urban Macro NLoS

	Antenna of BS
	2 pairs of cross-polarized antennas (4 elements)

	Number of UEs
	2

	Antenna of each UE
	1 pair of cross-polarized antennas (2 elements)

	UE velocity
	3km/h

	Number of layers per UE
	1

	System bandwidth
	10 MHz

	Allocated PRBs
	6

	Number of PDCCH symbols per TTI
	3

	DRS
	Rel’9/10 DMRS, 12REs per TTI

	Link adaptation
	Yes

	Precoding scheme
	PMI-ZF, eigenvector-ZF, BD-ZF, SLNR

	Precoding granularity
	1 PRB

	CSI feedback delay
	Non-Ideal with 9ms delay

	Feedback quantization
	PMI: Rel.8 codebook (4 bits);
Eigenvector: 2 bit amplitude + 3 bit phase for each element except for the first element which is phase-normalized
Covariance matrix: 2 bit amplitude + 3 bit phase for each element except for the diagonal elements
CQI: 4 bits.

	Channel estimation
	2D-MMSE

	Receiver scheme
	MMSE

	Channel code
	Turbo code (8 iterations)

	Number of HARQ re-transmissions
	3 (total 4 transmissions)


Following four types of quantized CSI feedback and precoding schemes are investigated:

1. PMI-ZF: UE feeds back Rel.8 codebook based 4-bit PMI and 4-bit CQI, where CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported PMIs and CQIs from both UEs, eNB generates zero-forcing (ZF) based precoders and selects compensated MCS.

2. V-ZF (eigenvector-ZF): UE first scales eigenvector corresponding to the largest eigenvalue derived from SVD by normalizing the element which has the largest amplitude, and takes the scale factor into the reported CQI. The eigenvector is then further quantized element by element, where amplitude is from {0.1, 0.4, 0.6, 0.9} and phase is from {0, π/4, …, 7π/4}. 4-bit CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported eigenvectors and CQIs from both UEs, eNB generates ZF based precoders and selects compensated MCS.
3. BD-ZF: UE first scales covariance matrix by normalizing the element which has the largest amplitude, and takes the scale factor into the reported CQI. The covariance matrix is then further quantized element by element, where amplitude is from {0.1, 0.4, 0.6, 0.9} and phase is from {0, π/4, …, 7π/4}. 4-bit CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported covariance matrices and CQIs from both UEs, eNB generates block diagonal (BD)-ZF based precoders and MCS.

4. SLNR: UE first scales covariance matrix by normalizing the element which has the largest amplitude, and takes the scale factor into the reported CQI. The covariance matrix is then further quantized element by element, where amplitude is from {0.1, 0.4, 0.6, 0.9} and phase is from {0, π/4, …, 7π/4}. 4-bit CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported covariance matrices and CQIs from both UEs, eNB generates maximum signal-to-leak-and-noise-ratio (SLNR) based precoders and MCS.

For all these schemes, the UE can only feedback its own CSI/CQI under single-user assumption. Then precoder generation and MCS refinement are performed at eNB side based on all available CSI information.
To keep fair comparison, we employ different feedback periods to achieve similar overhead among different schemes. The simulated sum throughput is shown in Figure 1 and Figure 2 with 3km/h and 30km/h UE velocity respectively, which show that:

1. At walking speed, the eigenvector feedback based ZF precoding outperforms other schemes, and the covariance matrix feedback based solutions, i.e. BD-ZF and SLNR precoding, perform worst.
2. At moderate velocity, all the schemes have similar performance.
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Figure 1: Throughput comparison of different feedback/precoding schemes for single-cell transmission at 3km/h UE velocity
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Figure 2: Throughput comparison of different feedback/precoding schemes for single-cell transmission at 30km/h UE velocity
3. CoMP Transmission
To get a clear picture of performance difference between different schemes, intra-site JP is also investigated in our study.

The system layout is plotted in Figure 3. Each of the three cells serves one UE, which are distributed uniformly in the corresponding dark area. Each UE feedbacks its CSI for each cell separately and CQI separately or jointly. Dynamic CoMP transmission set is built within a 10dB window, which means only the cell whose channel gain is 10dB lower than that of the strongest cell will be selected as a transmission cell. The simulation parameters are listed in Table 2.
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Table 2: Simulation parameters for CoMP transmission

	Channel model
	ITU-R Urban Macro NLoS

	Number of BSs
	3

	Antenna of each BS
	1 pair of cross-polarized antenna (2 elements)

	Number of UEs
	3

	Antenna of each UE
	1 pair of cross-polarized antenna (2 elements)

	UE velocity
	3km/h, 30km/h

	Number of layers per UE
	1

	System bandwidth
	10 MHz

	Allocated PRBs
	4

	Number of PDCCH symbols per TTI
	3

	DRS
	Rel’9/10 DMRS, 24REs per TTI

	Link adaptation
	Yes

	Precoding scheme
	PMI-ZF, eigenvector-ZF, BD-ZF

	Precoding granularity
	1 PRB

	CSI feedback delay
	Non-ideal with 9ms delay

	Feedback quantization
	PMI: Rel.8 codebook (2 bits);
Eigenvector: 2 bit amplitude + 3 bit phase for each element except for the first element which is phase-normalized.
Covariance matrix: 2 bit amplitude + 3 bit phase for each element except for the diagonal elements 
Phase combiner only: 2 bits for each of the two elements, representing the phase delta between serving cell and two neighbor cells within transmission set;

Full combiner: 2 bit amplitude for each of three elements,representing the absolute amplitude of the three cells and 3 bit phase for each of two elements representing the phase delta between serving cell and two neighbor cells within transmission set 
CQI: 4 bits.

	Channel estimation
	2D-MMSE

	Receiver scheme
	MMSE

	Channel code
	Turbo code (8 iterations)

	Number of HARQ re-transmissions
	3 (total 4)


In this section, we compare five schemes. The detailed feedback information and precoding methods are:
1. PMI-ZF, separate CQI: UE feeds back Rel.8 codebook based 2-bit per-cell PMI, 2-bit phase combiner and 4-bit per-cell CQI, where phase combiner={0, π/2, π, 3π/2} and CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported PMIs, combiners and CQIs from all UEs, eNB generates ZF based precoders and selects compensated MCS.

2. PMI-ZF, joint CQI: UE feeds back Rel.8 codebook based 2-bit per-cell PMI, 5-bit full combiner (amplitude+phase) and 4-bit joint CQI, where combiner’s amplitude is from {0.1, 0.4, 0.6, 0.9}, phase is from {0, π/4, …, 7π/4} and CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported PMIs, combiners and CQIs from all UEs, eNB generates ZF based precoders and selects compensated MCS.

3. V-ZF (eigenvector-ZF), separate CQI: UE first scales per-cell eigenvector by normalizing the element which has the largest amplitude, and takes the scale factor into the reported per-cell CQI. The eigenvector is further quantized element by element, where amplitude is from {0.1, 0.4, 0.6, 0.9} and phase is from {0, π/4, …, 7π/4}. 2-bit phase combiner is from {0, π/2, π, 3π/2}, and 4-bit per-cell CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported eigenvectors, combiners and CQIs from all UEs, eNB generates ZF based precoders and selects compensated MCS.
4. V-ZF (eigenvector-ZF), joint CQI: UE first scales per-cell eigenvector by normalizing the element which has the largest amplitude, and takes the scale factor into the reported full combiner. The eigenvector is further quantized element by element, where amplitude is from {0.1, 0.4, 0.6, 0.9} and phase is from {0, π/4, …, 7π/4}. 5-bit full combiner’s amplitude is from {0.1, 0.4, 0.6, 0.9}, phase is from {0, π/4, …, 7π/4} and 4-bit joint CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported eigenvectors, combiners and CQIs from all UEs, eNB generates ZF based precoders and selects compensated MCS.

5. BD-ZF: UE first scales covariance matrix by normalizing the element which has the largest amplitude, and takes the scale factor into the reported CQI. The covariance matrix is further quantized element by element, where amplitude={0.1, 0.4, 0.6, 0.9} and phase={0, π/4, …, 7π/4}. 4-bit CQI is quantized by assuming SNR={-4, -2, …, 26}dB. Based on the reported covariance matrices and CQIs from all UEs, eNB generates BD-ZF based precoders and MCS.
Figure 4 and Figure 5 show the sum throughput results of these studied schemes at low (3km/h) and moderate (30km/h) UE velocity, respectively. It can be seen that all the PMI and eigenvector based schemes have similar performance at a cost of similar overhead, especially at low/medium SNR. While the covariance feedback based precoding has the lowest throughput.
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Figure 4: Throughput comparison of different feedback/precoding schemes for JP CoMP transmission at 3km/h UE velocity
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Figure 5: Throughput comparison of different feedback/precoding schemes for JP CoMP transmission at 30km/h UE velocity
4. Conclusions
In this contribution we showed link-level simulation results for implicit and explicit feedback aided precoding methods. Both single-cell and intra-site cases were studied. We observe that PMI and element-wise quantized eigenvector feedback can achieve similar performance. And quantized covariance feedback has the worst performance for the proposed rank-1 per UE scenario, which is a common case for MU, since redundant information is fed back and some dimension of freedom is wasted. Based on these simulation observations, we confirm the proposal provided in [7]:

Proposal: Release 8 - type of implicit feedback consisting of RI, PMI and CQI reports is the baseline feedback type for DL MIMO operation including DL CoMP per-cell feedback, both in FDD and TDD. SRS-based operation complemented with implicit CQI feedback will be further considered for TDD.
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Figure � SEQ Figure \* ARABIC �3�: System layout of intra-site JP CoMP








� In this contribution, the SNR on the horizontal-axis is defined as: ‘received power of desired signal and intra-cell(site) signal’ to ‘inter-cell(site) interference plus noise’. No pre-processing or post-processing gain is considered.





