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1. Introduction
At the 3GPP RAN #50 meeting, a revised coordinated multi-point (CoMP) study item was agreed upon for Rel.11 [1], and the scenarios for CoMP investigation were  extended further compared to the CoMP study item in Rel. 10. At the RAN1 #63bis meeting, two research phases for the investigation of CoMP [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 joint processing (JP) 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 propagation delay error and channel estimation error based on CSI-RS. 
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. In this contribution, the CoMP coordinating cluster size of 9 cells is considered, and the corresponding coordination layout is illustrated in Fig. 1 [5], in which 9 adjacent cells with the same color comprise one CoMP coordinating cluster, and different clusters are non-overlapped and can be scheduled independently. 
[image: image1.emf]
Fig. 1 – Coordinating cluster size of 9 cells 
(2) Determining Cell-Edge UEs
In this contribution, CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on comparison of the downlink average received power from multiple cells. More specifically, if the difference between the signal power from the best cell and that from other cells within the cluster is lower than a given threshold, the UE is determined to be a cell-edge UE. 
(3) UE Feedback
In this contribution, we assume that the maximum number of coordinated points is two or three. Each cell-edge UE selects the UE-specific coordinated points within the nine cell coordination areas. We assume that the cell-edge UEs employ feedback of both CoMP (including 2 cell CoMP and 3 cell CoMP) and non-CoMP (i.e., conventional single cell transmission), to support dynamic switching between CoMP and non-CoMP transmissions [6], while the other UEs employ non-CoMP feedback only. In addition, two CoMP schemes, joint transmission (JT) CoMP and dynamic cell selection (DCS), are utilized. More specifically, the CoMP feedback in the case of JT and DCS includes

· JT-CoMP
· Per-cell PMI using the Rel-8 codebook [7]
· Inter-cell phase difference quantized by 2-bit codebook {1, -1, j, -j}
· CQI assuming JT-CoMP
· DCS
· Index of selected cell with the highest instantaneous SINR
· PMI and CQI of the selected cell
Note that DCS could be supported for JT-CoMP by including cell selection information to inter-cell phase information.
(4) Scheduling
In the scheduling in this contribution, the cells within the same cluster are jointly scheduled, and each cluster is scheduled independently. More specifically, in each cluster, CoMP and non-CoMP transmission switching is allowed for cell-edge UEs, and exhaustive search is utilized to schedule the UE group and the corresponding transmission modes (2 cell CoMP, 3 cell CoMP, or non-CoMP) to provide the highest total (weighted) estimated throughput. 
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 a 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) is 12 RE/RB. The CSI-RS overhead is assumed to be 2(4) REs per RB for 2(4) Tx with a 10 ms period. The CSI-RS muting overhead is assumed to be 18(36) REs per RB for 2(4) Tx in a 9 cell cluster size with a 10 ms period, which is only for CoMP-JP transmission. The receiver on the UE side is assumed to be the MMSE receiver (option 1) in [8]. Cumulative distribution function (CDF) curves for the average SINR for the CSI-RS 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

	Inter-site distance (ISD)
	500 m

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

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	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)

	Transmission power of eNode B/ RRH
	46 dBm

	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)

	Channel model
	SCM-UMa with high angular spread, 3km/h

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths 4Txs: XX
/ 2Tx: X  (+45/-45)
UE: 0.5 wavelengths 2Rxs:  X (+45/-45)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Model 1 in TR36.814/ Full buffer

	Feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme 
	JT with SU-MIMO and DCS

	Coordinating cluster size
	9 cells

	Maximum number of coordination points for CoMP transmission
	2/3

	Channel state information feedback 
	CoMP JT: Individual per-cell feedback +
 inter-cell phase difference
DCS: Index of preferred cell + single cell feedback 

	DM-RS channel estimation
	Non-Ideal 

	CSI-RS channel estimation
	Non-ideal as [9] without a priori PDP information

	UE receiver assumption
	MMSE – option 1

	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(2/4 REs per RB per 10 ms for 2/4 antenna ports)
CSI-RS with muting for CoMP JP (18/36 REs per RB per 10ms for 2/4 antenna ports)

	Threshold for cell-edge UE decision
	3 dB

	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

	Propagation delay error
	Non-ideal

	
Feedback error

	No

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


(1) Simulation Results of Traffic Model 1
In this section, the assumed traffic model is FTP traffic model 1 in TR36.814 [10]. The file size used in the evaluation is 2 Mbytes, and the range of the average UE arrival rates are evaluated in 2 Tx scenario and 4 Tx scenarios, respectively. 

Table II and Table III show the served cell throughput, 5%, 50% user throughput and the resource utilization assuming SU-MIMO with 2x2 and 4x2 antenna configurations, respectively. Compared to single cell transmission, all CoMP schemes improve the 5% and 50% user throughput while almost the same served cell throughput is achieved. More specifically, with a 2 cell feedback size, the JT SU-MIMO achieve gains of approximately 12 - 53% and 3 - 55% in terms of the 5% cell-edge UE throughput and 50% UE throughput, respectively. The DCS will achieve gains of approximately 3% - 52% and 0% - 62% in terms of the 5% cell-edge UE throughput and 50% UE throughput, respectively. Furthermore, when the feedback cluster size is increased to 3 cells, JT SU-MIMO and DCS could achieve approximately 22% - 57% and 15% - 57% gains in terms of the 5% user throughput compared to that for single cell SU-MIMO. For the 50% user throughput, the JT-SU-MIMO and DCS could obtain gains of approximately 11% - 58% and 8% - 67%, respectively. Detailed user throughput versus offered load curves for 2x2 and 4x2 antenna configurations are illustrated in Fig. 2 and Fig. 3, respectively. It is shown that the gains from JP SU-MIMO and DCS are improved with a reduced system load.
Table II – Non Full Buffer Simulation Results with 2x2 Antenna Configuration (Traffic Model 1)
	Load λ 
(UE/s)
	Transmission Scheme
	Size of Feedback
	Served Cell Thput.(Mbps)
	5% User Thput.(Mbps)
	50% User Thput.(Mbps)
	Resource Utilization (RU)

	0.3
	SU-MIMO
	1 Cell
	4.581 
	6.071 
	18.980 
	0.240 

	
	JT with SU-MIMO
	2 Cells
	4.592 
	9.010
 (48.40%)
	29.412
 (54.96%)
	0.186 

	
	
	3 Cells
	4.592 
	9.502
 (56.51%)
	30.020
 (58.16%)
	0.193 

	
	DCS
	2 Cells
	4.593 
	8.964
 (47.66%)
	30.770
 (62.11%)
	0.165 

	
	
	3 Cells
	4.592 
	9.502
 (56.51%)
	31.621
 (66.60%)
	0.161 

	0.4
	SU-MIMO
	1 Cell
	6.137 
	4.500 
	15.905 
	0.349 

	
	JT with SU-MIMO
	2 Cells
	6.155 
	6.689
 (48.66%)
	22.825
 (43.51%)
	0.291 

	
	
	3 Cells
	6.156 
	6.792
 (50.93%)
	23.022
 (44.75%)
	0.302 

	
	DCS
	2 Cells
	6.156 
	6.484
 (44.09%)
	22.858
 (43.72%)
	0.264 

	
	
	3 Cells
	6.158 
	6.870
 (52.68%)
	24.097
 (51.50%)
	0.255 

	0.5
	SU-MIMO
	1 Cell
	7.727 
	3.297 
	12.988 
	0.476 

	
	JT with SU-MIMO
	2 Cells
	7.756 
	4.457
 (35.18%)
	16.470
 (26.81%)
	0.435 

	
	
	3 Cells
	7.757 
	4.543
 (37.79%)
	16.737
 (28.87%)
	0.449 

	
	DCS
	2 Cells
	7.754 
	4.274
 (29.62%)
	16.311
 (25.59%)
	0.409 

	
	
	3 Cells
	7.759 
	4.565
 (38.46%)
	17.187
 (32.33%)
	0.392 

	0.6
	SU-MIMO
	1 Cell
	9.074 
	2.225 
	9.938 
	0.599 

	
	JT with SU-MIMO
	2 Cells
	9.110 
	2.700
 (21.32%)
	10.848
 (9.15%)
	0.592 

	
	
	3 Cells
	9.125 
	2.812
 (26.38%)
	11.356
 (14.26%)
	0.606 

	
	DCS
	2 Cells
	9.102 
	2.492
 (11.99%)
	10.472
 (5.37%)
	0.564 

	
	
	3 Cells
	9.128 
	2.712
 (21.86%)
	11.221
 (12.90%)
	0.546 

	0.7
	SU-MIMO
	1 Cell
	10.340 
	1.459 
	7.065 
	0.717 

	
	JT with SU-MIMO
	2 Cells
	10.398 
	1.637
 (12.20%)
	7.250
 (2.63%)
	0.727 

	
	
	3 Cells
	10.441 
	1.861
 (27.54%)
	7.855
 (11.19%)
	0.743 

	
	DCS
	2 Cells
	10.346 
	1.498
 (2.68%)
	7.055
 (-0.13%)
	0.696 

	
	
	3 Cells
	10.408 
	1.679
 (15.04%)
	7.609
 (7.70%)
	0.677 


Table III – Non Full Buffer Simulation Results With 4x2 Antenna Configuration (Traffic Model 1)
	Load λ 
(UE/s)
	Transmission Scheme
	Size of Feedback
	Served Cell Thput.(Mbps)
	5% UE Thput.(Mbps)
	50% UE Thput.(Mbps)
	Resource Utilization (RU)

	0.3
	SU-MIMO
	1 Cell
	4.591 
	8.748 
	24.316 
	0.187 

	
	JT with SU-MIMO
	2 Cells
	4.598 
	13.378
 (52.92%)
	36.364
 (49.55%)
	0.149 

	
	
	3 Cells
	4.598 
	13.503
 (54.35%)
	36.282
 (49.21%)
	0.157 

	
	DCS
	2 Cells
	4.598 
	13.334
 (52.42%)
	38.096
 (56.67%)
	0.133 

	
	
	3 Cells
	4.598 
	13.457
 (53.83%)
	38.030
 (56.40%)
	0.131 

	0.4
	SU-MIMO
	1 Cell
	6.162 
	7.130 
	21.277 
	0.266 

	
	JT with SU-MIMO
	2 Cells
	6.179 
	10.026
 (40.60%)
	30.133
 (41.62%)
	0.227 

	
	
	3 Cells
	6.177 
	10.332
 (44.91%)
	30.246
 (42.16%)
	0.238 

	
	DCS
	2 Cells
	6.180 
	10.083
 (41.40%)
	30.477
 (43.24%)
	0.203 

	
	
	3 Cells
	6.181 
	10.583
 (48.41%)
	31.435
 (47.74%)
	0.199 

	0.5
	SU-MIMO
	1 Cell
	7.773 
	5.935 
	19.162 
	0.351 

	
	JT with SU-MIMO
	2 Cells
	7.795 
	7.734
 (30.31%)
	24.884
 (29.86%)
	0.318 

	
	
	3 Cells
	7.794 
	8.021
 (35.14%)
	25.237
 (31.70%)
	0.331 

	
	DCS
	2 Cells
	7.794 
	7.620
 (28.38%)
	25.478
 (32.96%)
	0.291 

	
	
	3 Cells
	7.795 
	7.925
 (33.53%)
	26.295
 (37.22%)
	0.284 

	0.6
	SU-MIMO
	1 Cell
	9.221 
	4.831 
	16.512 
	0.440 

	
	JT with SU-MIMO
	2 Cells
	9.236 
	5.750
 (19.01%)
	19.442
 (17.74%)
	0.418 

	
	
	3 Cells
	9.238 
	5.957
 (23.30%)
	19.754
 (19.63%)
	0.433 

	
	DCS
	2 Cells
	9.236 
	5.552
 (14.92%)
	19.465
 (17.88%)
	0.388 

	
	
	3 Cells
	9.246 
	5.783
 (19.70%)
	20.331
 (23.13%)
	0.377 

	0.7
	SU-MIMO
	1 Cell
	10.613 
	3.555 
	13.938 
	0.528 

	
	JT with SU-MIMO
	2 Cells
	10.626 
	4.051
 (13.94%)
	15.430
 (10.71%)
	0.519 

	
	
	3 Cells
	10.636 
	4.340
 (22.09%)
	15.733
 (12.88%)
	0.532 

	
	DCS
	2 Cells
	10.628 
	3.911
 (10.03%)
	15.370
 (10.28%)
	0.488 

	
	
	3 Cells
	10.636 
	4.099
 (15.30%)
	15.985
 (14.69%)
	0.473 
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(a) 5% User throughput vs. Offered load
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(b) 50% User throughput vs. Offered load


Fig. 2 – Non Full Buffer Traffic Model 1 Simulation Results with 2x2 Antenna Configuration
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(a) 5% User throughput vs. Offered load
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(b) 50% User throughput vs. Offered load


Fig. 3 – Non Full Buffer Traffic Model 1 Simulation Results with 4x2 Antenna Configuration

(2) Simulation Results of Full Buffer Model
In this section, the full buffer simulation results in 2 Tx and 4 Tx scenarios are provided in Table IV and Table V, respectively. In the case of 2x2 antenna configurations, JT SU-MIMO and DCS with 2(3) cell feedback obtain gains of approximately 9.5% (10.9%) and 2.4% (6.5%) in terms of the cell-edge user throughput, respectively. For 4x2 antenna configurations, JT SU-MIMO and DCS with 2(3) cell feedback could achieve gains of approximately 8.9% (11.6%) and 1.9% (7.1%) in terms of the cell-edge user throughput, respectively.
Table IV – Full Buffer Simulation Results with a 2x2 Antenna Configuration
	Transmission Scheme
	Size of Feedback
	Average Cell Throughput.(Mbps)
	5% Cell-Edge User Throughput.(Mbps)
	Resource Utilization (RU)

	SU-MIMO
	1 Cell
	19.900 
	0.415 
	1.000 

	JT with SU-MIMO
	2 Cells
	19.679 (-1.11%)
	0.454 (9.51%)
	1.000 

	
	3 Cells
	19.679 (-1.11%)
	0.460 (10.89%)
	1.000 

	DCS
	2 Cells
	19.706 (-0.97%)
	0.425 (2.36%)
	0.976 

	
	3 Cells
	19.747 (-0.77%)
	0.442 (6.48%)
	0.966 


Table V – Full Buffer Simulation Results with a 4x2 Antenna Configuration
	Transmission Scheme
	Size of Feedback
	Average Cell Throughput.(Mbps)
	5% Cell-Edge User Throughput.(Mbps)
	Resource Utilization (RU)

	SU-MIMO
	1 Cell
	23.951 
	0.572 
	1.000 

	JT with SU-MIMO
	2 Cells
	23.344 (-2.53%)
	0.622 (8.91%)
	1.000 

	
	3 Cells
	23.389 (-2.34%)
	0.638 (11.56%)
	1.000 

	DCS
	2 Cells
	23.468 (-2.01%)
	0.582 (1.89%)
	0.981 

	
	3 Cells
	23.461 (-2.04%)
	0.612 (7.10%)
	0.974 


4. Conclusions
This contribution presented an update on the system performance investigation on JP-CoMP with SU-MIMO. 
· Using the assumptions for the FTP traffic model, the simulation results show that
· JT-CoMP with 2 (3) cell feedback achieves gain of approximately 12 - 53% (22 – 57%) and 3 - 55% (11 – 58%) in terms of the 5% cell-edge UE throughput and 50% UE throughput, respectively

· DCS among 2 (3) cells achieves gain of approximately 3 - 52% (15 – 57%) and 0 - 62% (8 – 67%) in terms of the 5% cell-edge UE throughput and 50% UE throughput, respectively

· Gain from JT/DCS-CoMP is improved with a reduction in the system load
· Using the assumptions for the full buffer traffic model, the simulation results show that
· JT-CoMP with 2 (3) cell feedback achieves gain of approximately 9 - 10% (11 – 12%) in terms of the 5% cell-edge UE throughput 

· DCS among 2 (3) cells achieves gain of approximately 2% (6 –7%) gains in terms of the 5% cell-edge UE throughput
This contribution presented an update on the system performance investigation on JP-CoMP with SU-MIMO. 
References

[1] 3GPP, RP-101425, Samsung, “Revised SID Proposal: Coordinated Multi-Point Operation for LTE.”
[2] 3GPP, R1-110567, CMCC, Deutsche Telekom, KDDI, NTT DOCOMO, Orange, Telecom Italia, Telefonica, and Vodafone  “Way Forward on CoMP Scenario Prioritisation.” 

[3] 3GPP, R1-111125, NTT DOCOMO, “CoMP simulation assumptions.”
[4] 3GPP, R1-111147, NTT DOCOMO, “System performance for JP-CoMP in Homogeneous Networks with high Tx power RRHs”
[5] 3GPP, R1-110585, LG Electronics, “Proposal for CoMP Coordination Cell Layout for Scenario 1 and 2.” 
[6] 3GPP, R1-110248, NTT DOCOMO, “Views for Rel. 11 CoMP.”
[7] 3GPP, TS36.211 (V8.8.0), “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation.”
[8] 3GPP, R1-110586, LG Electronics, Motorola Mobility, Intel, Marvell, Samsung, ETRI, Orange, Renesas, and Huawei, “Proposal for UE receiver assumption in CoMP simulations.” 
[9] 3GPP, R1-111640, NTT DOCOMO, “Model for CSI-RS Channel Estimation Error”
[10] 3GPP, TR36.814 (V9.0.0), “Further Advancements for E-UTRA Physical Layer Aspects.”
Appendix
Figure A1 and A2 show CDF curves for the average SINR for the CSI-RS in case of low traffic load (λ=0.3) and full buffer traffic, 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 the number of transmission points in the CoMP cluster. 
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Fig. A1 – CDF of average SINR for CSI-RS for low traffic load (λ=0.3)
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Fig. A2 – CDF of average SINR for CSI-RS for full buffer traffic
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