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1. Introduction
Coordinated multi-point (CoMP) transmission/reception has been widely investigated in Rel-10 discussions, and a revised CoMP study item was agreed upon for Rel. 11 [1] at the 3GPP RAN #50 meeting. At the RAN1 #63bis meeting, two research phases for the investigation of CoMP transmission/reception [2] were agreed upon, and homogeneous and heterogeneous networks will be the focus in phase 1 and phase 2, respectively. Furthermore, CoMP simulation assumptions were approved [3].
At the RAN1 #64 meeting, we presented our preliminary system performance investigation on C S/CB-CoMP for research phase 1 [4], i.e., a homogeneous network with high Tx power Remote Radio Heads (RRHs). In this contribution, we provide an update on the system-level simulation results based on the agreed simulation assumptions [3]. Main updates compared to [4] are the cluster size to 9 cells, and inclusion of the impact of channel estimation error based on CSI-RS and SRS. 
2. Assumptions for CoMP Evaluation

(1) Cell Deployment and Coordinating Cluster for CoMP
We assume the cell deployment in scenario 2, i.e., a homogeneous network with high Tx power RRHs. The coordinating cluster size is 9 cells, and the coordination layout is illustrated in Fig. 1 [5], in which 9 adjacent cells with the same color comprise one CoMP coordinating cluster, and other clusters are non-overlapped and can be scheduled independently.

[image: image1.emf]
Fig.1. Coordinating cluster size of 9 cells
(2) UE feedback
Channel covariance matrix feedback without quantization is assumed. Furthermore, two levels of granularity for channel covariance matrix information are assumed, short-term/subband and long-term/wideband. When we assume long-term/wideband granularity, the eNB calculates the average channel covariance matrix as 
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 is the average channel covariance matrix between point i and UE k during the time window, 
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 is the instantaneous channel covariance matrix at instant t, and 
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is the forgetting factor.

The channel quality indicator (CQI) for each cell in the coordinating cluster is quantized and fed back from each UE. The CQI from point i to UE k in the coordinating cluster is calculated as 
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where 
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is the transmission power and 
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, which is the channel matrix between point i and UE k. N is the noise power and ICI is the interference power from cells outside the coordinating cluster.
(3) Scheduling
An iterative scheduler is assumed in this contribution. In the initialization step, each cell decides which UEs are to be scheduled assuming single cell transmission and no coordination among cells. In the iterative step, at iteration-n, each cell revisits its decision regarding the UEs to be scheduled and its transmit precoding based on decisions made by other cells in iteration n-1. A new CQI is computed based on the precoding and UE decisions in other cells in the coordinating cluster. The detailed procedure is given below.

· Step 1: Perform independent scheduling assuming no cell coordination for each cell. 

· Step 2: Perform iterative scheduling among cells within the coordinating cluster.

· In a given cell, schedule the UE or UE group that can provide the maximum total throughput in the coordinating cluster.

· For each UE or UE group in the given cell, calculate the corresponding precoder assuming that scheduled UEs in the coordinated cells are fixed, and update the CQI for the scheduled UEs in the coordinated cells considering the change in interference.
· Try each UE or UE group, and select the one providing the maximum total throughput in the coordinating cluster.
·  Repeat this process for each cell within the coordinating cluster one by one.

(4) Precoding
SLNR based precoding [6] is utilized considering multiple receiver antennas and a reasonable precoding complexity level. Between point i and UE k, the precoder, 
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where r is the number of receiver antennas, 
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is the updated channel covariance matrix between point i and UE k, 
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is the updated channel covariance matrix between point i and the other co-scheduled UE m, and 
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is the updated channel covariance matrix between point i and UE n in coordinated cell j. 
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 and CQI feedback as
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where 
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(5) CQI update

The CQI must be updated since the CQI reported from the UE is computed based on single cell SU-MIMO transmission and does not take into account the interference that occurs in the case of MU-MIMO and CoMP. The CQI update in our evaluation is,
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where 
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is the transmit precoder from point i to UE k, 
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 is the transmit precoder from point i to the other co-scheduled UE m and 
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 is the transmit precoder from coordinated point j to UE n. In this equation, 
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is the estimated multi-user interference power in the serving cell, and 
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is the estimated interference power from other cells within the coordinating cluster.
3. Simulation Results

Table I gives the simulation parameters used in the evaluation. We assume that two OFDM symbols are used for the PDCCH, and the overhead for the common control channel is ignored. We also assume the use of the cell-specific reference signal (CRS) for 2 antenna ports within a 4/10 non-MBSFN subframe and the density of the demodulation reference signal (DM-RS) of 12 RE/RB. The CSI-RS overhead is assumed to be 4 REs per RB for 4 Tx with a 10 ms period. The CSI-RS muting overhead is assumed to be 36 REs per RB for 4 Tx in a 9 cell cluster size with a 10 ms period, which is only for CoMP-CS/CB transmission. Cumulative distribution function (CDF) curves of the average SINR for CSI-RS and SRS suggested in [3] are shown in the Appendix.

Table I. Simulation Parameters
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites, 
3 sectors per cell-site

	Antenna pattern at eNode B 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.) 

	Inter-site distance (ISD)
	500 m

	CoMP scenarios
	Scenario 2, coordination cluster size of 9 cells

	Transmission bandwidth 
	10 MHz

	Subframe (TTI) length
	1 msec

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Channel model
	SCM UMa with high angle spread

	Antenna configuration
	Cross-polarized antenna

eNB: 0.5 wavelengths 4Tx: XX

UE: 0.5 wavelengths 2Rx:  X

closely-spaced vertically-polarized
eNB: 0.5 wavelengths 4Tx: ||||

UE: 0.5 wavelengths 2Rx:  ||

	Transmission power of eNode B / RRH
	46 dBm

	Moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Number of eNode B / UE antennas
	4  (eNode B), 2 (UE)

	Transmission scheme
	SU-MIMO, SU/MU-MIMO dynamic switching

Rank adaptation, and up to rank 2 for one UE

Maximum pairing of 2 UEs for MU-MIMO

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5) 

	Granularity of channel covariance matrix 
	Short-term/subband and long-term/wideband

	Granularity of CQI feedback
	10 TTIs

	Granularity of scheduling
	Subband, 1 TTI

	Granularity of rank adaptation
	200 TTIs

	Channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Non-ideal as [7] without a priori PDP information

	SRS channel estimation
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	UE receiver assumption
	MMSE-option 1 [8]

	Overhead of RS and PDCCH
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS(4 REs per RB per 10 ms for 4 antenna ports)
CSI-RS with muting for CS/CB-CoMP (36 REs per RB per 10 ms for 4 antenna ports)

	CoMP feedback
	For cell-edge UE: RSRP difference <10 dB
Number of feedback cells: 3

	Number of UEs per sector
	10

	Modeling of the out-of-coordinated area interference
	Realistic interference assuming precoding and scheduling in other cells

	Time/frequency synchronization impairments
	No

	
Feedback error

	No

	Antennas mis-calibration for DL Tx antennas with 0.5λ spacing
	No

	Antennas mis-calibration for UL-DL channel reciprocity
	No


In this section, we show a performance comparison between CS/CB-CoMP and single cell transmission with both SU-MIMO and SU/MU-MIMO switching for the ULA and CPA antenna configuration with a narrow antenna separation. Tables II and III provide the performance results for 4 Tx with different antenna configurations (ULA and CPA) and different granularity of the channel covariance matrix information. The results show that compared to single cell SU/MU-MIMO, with long-term/wideband channel covariance matrix information, CS/CB achieve gains of approximately 2% and 4% in terms of the average throughput for ULA and CPA, and gains of approximately 19% and 23% in terms of cell-edge throughput for ULA and CPA, respectively
Table II. Performance for 4Tx, ULA, SCM UMa Channel Model with High Angle Spread 
	CSI Granularity
	MIMO Scheme
	Transmission Scheme
	Cell Average Throughput (Mbps)
	5% UE Throughput (Mbps)

	Short-term/subband channel covariance matrix
	SU-MIMO
	Single cell
	21.27
	0.5073

	
	
	CS/CB
	22.28 (+4.75%)
	0.7407 (+46.01%)

	
	SU/MU-MIMO
	Single cell
	22.15
	0.5455

	
	
	CS/CB
	22.79 (+2.89%)
	0.6800 (+24.66%)

	Long-term/wideband channel covariance matrix
	SU-MIMO
	Single cell
	20.84
	0.4790

	
	
	CS/CB
	21.76 (+4.41%)
	0.6802 (+42.00%)

	
	SU/MU-MIMO
	Single cell
	21.44
	0.5143

	
	
	CS/CB
	21.84 (+1.87%)
	0.6098 (+18.57%)


Table III. Performance for 4Tx, CPA, SCM UMa Channel Model with High Angle Spread 

	CSI Granularity
	MIMO Scheme
	Transmission Scheme
	Cell Average Throughput (Mbps)
	5% UE Throughput (Mbps)

	Short-term/subband channel covariance matrix
	SU-MIMO
	Single cell
	21.45
	0.4667

	
	
	CS/CB
	22.05 (+2.80%) 
	0.6084 (+30.36%) 

	
	SU/MU-MIMO
	Single cell
	21.51
	0.4770

	
	
	CS/CB
	22.09 (+2.70%) 
	0.5622 (+17.86%) 

	Long-term/wideband channel covariance matrix
	SU-MIMO
	Single cell
	20.35
	0.4231

	
	
	CS/CB
	20.99 (+3.14%) 
	0.5393 (+27.46%) 

	
	SU/MU-MIMO
	Single cell 
	20.10 
	0.4223 

	
	
	CS/CB
	20.96 (+4.28%) 
	0.5193 (+22.97%) 


4. Conclusion
This contribution presented an update on the system performance evaluation results for Intra-eNB DL CS/CB-CoMP with SU/MU-MIMO for 4 Tx in Scenario 2. The simulation results showed the following compared to single cell SU/MU-MIMO, with long-term/wideband channel covariance matrix information.
· CS/CB can achieve gains of approximately 2% and 4% in terms of the average throughput for ULA and CPA, respectively
· CS/CB can achieve gains of approximately 19% and 23% in terms of the cell-edge throughput for ULA and CPA, respectively
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Appendix
Figure A1 and A2 show CDF curves for the average SINR for CSI-RS and SRS, respectively. Each figure shows K different CDF curves corresponding to statistics over all UEs for the average SINR of the estimated channel for the k-th strongest transmission point for a UE, where K is number of transmission points in the CoMP cluster. 
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Fig. A1 – CDF of average SINR for CSI-RS
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Fig. A2 – CDF of average SINR for SRS
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