3GPP TSG RAN WG1 Meeting #66                                                  R1-112431
Athens, Greece, August 22-26 2011

Source:
NTT DOCOMO

Title:
System Performance of CS/CB-CoMP in Scenario 3

Agenda Item:
6.5.1
Document for:  
Discussion and Decision

1. Introduction
At the 3GPP RAN1 #65 meeting, coordinated multipoint transmission (CoMP) performance evaluation results from a total of 20 companies were summarized for Scenario 1 and 2, and a revised CoMP technical report (TR) was approved [1]. The remaining simulation assumptions were agreed upon and companies submitted calibration results to the reflector for Scenario 3 and 4. 
In this contribution, we describe system-level simulation results based on the agreed simulation assumptions [1] for DL CS/CB-CoMP in Scenario 3. More specifically, two kinds of CS/CB-CoMP schemes are investigated in this contribution, CS/CB-CoMP without Rel. 10 eICIC and CS/CB-CoMP with Rel. 10 eICIC. 
2. CoMP Schemes and Assumptions for CoMP Evaluation
(1) CoMP Schemes
In this contribution, two kinds of CS/CB -CoMP schemes are investigated,

· CS/CB -CoMP without Rel. 10 eICIC
In CS/CB -CoMP without Rel. 10 eICIC, the coordination is limited to one CoMP coordination cluster, e.g., 3 macrocells, and there is no further Rel. 10 eICIC coordination between different CoMP coordination clusters.
· CS/CB -CoMP with Rel. 10 eICIC
        For further comparison with Rel. 10 eICIC in which a relatively larger coordinated area is needed for resource partitioning coordination, a CS/CB-CoMP with Rel. 10 eICIC scheme is also investigated. In CS/CB-CoMP with Rel. 10 eICIC, two levels of coordination are employed, CoMP within a CoMP coordinating cluster and Rel. 10 eICIC with relatively larger coordinated area. In CS/CB-CoMP with Rel. 10 eICIC, certain resource partitioning patterns in Rel. 10 eICIC are utilized. When the macro eNB is not muted, CoMP is applied among all macro eNB and low power nodes (LPNs) within the CoMP cluster; otherwise, CoMP is only applied among the LPNs within the CoMP cluster.
(2) Cell Deployment and Coordinating Cluster for CoMP
We assume the cell deployment of scenario 3, i.e., a heterogeneous network with low power remote radio heads (RRHs) within the macrocell coverage area. Transmission/reception points created by the RRHs have different cell IDs than the macrocell. In this contribution, the CoMP coordinating cluster size of 3 intra-site cells with 3(N LPNs, as illustrated in Fig.1, is assumed. In addition, for Rel. 10 eICIC, a synchronized muting pattern for the whole network is assumed.

(3) 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. 
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Fig. 1 – Coordinating cluster size for CoMP: 3 intra-site cells with 3(N LPNs (N=4)

(4) UE Feedback
Long-term/wideband channel covariance matrix feedback without quantization is assumed in this contribution. 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, 
[image: image4.wmf])

(

t

R

k

i

 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 transmission point in the coordinated cluster is quantized and fed back from each UE. The CQI from point i to UE k in the coordinated area is calculated as 
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where 
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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 coordinated area.
(5) Scheduling
An iterative scheduler is assumed in this contribution. In the initialization step, each transmission point decides which UEs are to be scheduled assuming a single transmission point and no coordination among transmission points. In the iterative step, at iteration-n, each transmission point 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 transmission point s in the coordinated area. The details of the procedure are given below.

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

· Step 2: Perform iterative scheduling among transmission point s within the coordinated area.

· For a given transmission point, schedule the UE or UE group that can provide the maximum total priority in the coordination area.

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

(6) Precoding
Signal-to-leakage-and-noise ratio (SLNR)-based precoding 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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(7) 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 at the serving transmission point, and 
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is the estimated interference power from other transmission points within the coordinated area.
3. Simulation Results

Table I and II give 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) Txs with a 10 ms period. The receiver on the UE side is assumed to be the MMSE receiver (option 1) in [2]. We evaluate the system performance of non-CoMP with/without Rel. 10 eICIC as a reference and CS/CB-CoMP with/without Rel. 10 eICIC. Detailed simulation results are provided in Section 3.1 and 3.2, respectively.
Table I – Major Simulation Parameters
	Carrier frequency
	2 GHz

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	Unitary linear array antenna

eNB: 0.5 wavelengths 4 Txs: ||||
UE: 0.5 wavelengths 2 Rxs:  ||
Cross-polarized antenna

eNB: 0.5 wavelengths 4 Txs: XX (+45/-45)

UE: 0.5 wavelengths 2 Rxs:  X (+45/-45)

	Transmission scheme
	SU/MU-MIMO dynamic switching

Rank adaptation, and up to rank 2 for one UE

Maximum pairing of 2 UEs for MU-MIMO

	Channel model
	ITU UMa for macrocell and UMi for LPN

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

	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)

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

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	CQI/PMI 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 feedback 
	For cell-edge UE: RSRP difference <10 dB
Number of feedback cells: Maximum 3

	DM-RS channel estimation
	Non-Ideal 

	CSI-RS channel estimation
	Ideal

	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)

	Threshold for cell-edge UE decision
	10 dB

	Number of UEs per macro-cell coverage area
	30

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

	
Feedback error

	No

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

	Antennas mis-calibration for UL-DL channel reciprocity
	No


Table II – Simulation Parameters for Macrocell and LPN

	
	Macro eNB
	LPN

	Cellular layout
	Cell layout
	19 cell sites, 3 sectors per site;

Wrap round is used
	Uniform distributed 4 LPNs per macro-cell

	
	Minimum inter-site distance (ISD)
	500 m
	40 m

	
	Minimum distance 
between UE and macrocell/LPN
	35 m
	10 m

	
	Minimum distance between LPN and macrocell
	75 m

	Large scale loss related
	Distance-dependent path loss
	ITU UMa with 25 m BS height
	ITU Umi with 10 m BS height

	
	Shadowing correlation
	0 (between cells), 0.5 (between sectors)
	0

	
	Penetration loss
	0
	0

	
	Total Tx power
	46 dBm
	30 dBm

	
	Antenna gain
	17 dBi
	5 dBi

	
	Antenna pattern


	3D pattern, horizontal:
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= 10,  SLAv = 20 dB
Combining method in 3D pattern:
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Antenna down tilt = 12 deg.
	2D pattern, omni directional horizontal:

	
	Base station height
	25 m
	10 m

	
	UE height
	1.5m

	
	Noise power spectrum
	-174.0 dBmW

	
	UE noise figure
	9 dB

	Hand over margin
	1.0 dB

	Feeder loss
	0 dB


(1) Simulation Results of CoMP without Rel. 10 eICIC
In this section, the results of the performance comparison between CS/CB-CoMP without Rel. 10 eICIC and non-CoMP assuming SU/MU-MIMO with 4 Txs in uniform linear arrays (ULA) and cross-polarized arrays (CPA) scenarios are given in Table III and Table IV, respectively. The simulation results show  the following.
· Compared to non-CoMP without Rel. 10 eICIC, 
· CS/CB-CoMP achieved gains of  about 4.2 – 11.1% and 13.8 – 17.4% in terms of the average cell throughput and 5% UE throughput, respectively
· CS/CB-CoMP achieved a higher gain in the ULA scenario than in the CPA scenario.
Table III –Simulation Results for ULA
	Transmission scheme
	Average cell throughput.(Mbps)
	5% cell-edge user throughput.

(Mbps)

	
	Total
	Macrocell
	LPNs
	

	Non-CoMP
	93.0
	16.8
	76.3
	0.357

	CS/CB-CoMP
	103.3
(+11.1%)
	19.6

(+16.9%)
	83.7
(+9.8%)
	0.419
(+17.4%)


Table IV –Simulation Results for CPA
	Transmission scheme
	Average cell throughput.(Mbps)
	5% cell-edge user throughput.

(Mbps)

	
	Total
	Macrocell
	LPNs
	

	Non-CoMP
	92.5
	17.4
	75.1
	0.237

	CS/CB-CoMP
	96.3
(+4.2%)
	18.7

(+7.3%)
	77.7

(+3.4%)
	0.269
(+13.8%)


(2) Simulation Results of CoMP with Rel. 10 eICIC
In this section, the results of the performance comparison between CS/CB-CoMP with Rel. 10 eICIC and Rel. 10 eICIC assuming SU/MU-MIMO with 4 Txs in the ULA and CPA scenarios are given in Table V and Table VI, respectively. In the comparison, various association bias values and the corresponding nearly-optimized macrocell muting ratios are assumed from the viewpoint of increasing the cell-edge UE throughput performance are assumed. The simulation results show the following.
· Compared to Rel-10 eICIC, 
· CS/CB-CoMP with Rel. 10 eICIC achieved gains of about 2 – 15.1% and 12.4 – 24.9% gain in terms of average cell throughput and 5% UE throughput, respectively
· CS/CB-CoMP with Rel. 10 eICIC achieved a higher gain in the ULA scenario than in the CPA scenario.
Table V –Simulation Results for ULA 
	Association bias (dB) / muting ratio for macrocell
	CoMP cluster size
	Average cell throughput.(Mbps)
	5% cell-edge user throughput.

(Mbps)

	
	
	Total
	Macrocell
	LPNs
	

	0 dB / 0.2
	Rel. 10 eICIC
	94.9
	13.3
	81.6
	0.291

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	104.0

(+9.5%)
	15.9

(+19.0%)
	88.1

(+8.0%)
	0.339

(+16.3%)

	8 dB / 0.4
	Rel. 10 eICIC
	94.3
	11.7
	82.6
	0.47

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	106.0

(+12.3%)
	13.5
(+15.7%)
	92.4
(+11.8%)
	0.581

(+24.9%)

	16 dB / 0.6
	Rel. 10 eICIC
	92.6
	8.9
	83.6
	0.583

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	106. 6
(+15.1%)
	10.0

(+11.5%)
	96.6
(+15.5%)
	0.678
(+16.4%)


Table VI –Simulation Results for CPA 
	Association bias (dB) / muting ratio of macrocell
	CoMP cluster size
	Average cell throughput.(Mbps)
	5% cell-edge user throughput.

(Mbps)

	
	
	Total
	Macro 
	LPNs
	

	0 dB / 0.2
	Rel. 10 eICIC
	95.9
	13.7
	82.1
	0.196

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	98.0

(+2.2%)
	14.8

(+7.8%)
	83.2
(+1.3%)
	0.224

(+14.0%)

	8 dB / 0.4
	Rel. 10 eICIC
	91.9
	12.7
	79.3
	0.297

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	93.8

(+2.0%)
	13.6
(+7.8%)
	80.2

(+1.1%)
	0.334

(+12.4%)

	16 dB / 0.6
	Rel. 10 eICIC
	86.9
	10.4
	76.5
	0.251

	
	CS/CB-CoMP 

with Rel. 10 eICIC
	90.3

(+3.9%)
	11.2
(+7.8%)
	79.1

(+3.4%)
	0.290
(+15.9%)


4. Conclusions
This contribution presented a system performance investigation on CS/CB-CoMP with SU/MU-MIMO in Scenario 3, and the simulation results showed the following
· Compared to non-CoMP without Rel. 10 eICIC, 
· CS/CB-CoMP achieved gains of about 4.2 – 11.1% and 13.8 – 17.4% in terms of average cell throughput and 5% UE throughput, respectively
· CS/CB-CoMP achieved a higher gain in the ULA scenario than CPA scenario.
· Compared to Rel. 10 eICIC, 
· CS/CB-CoMP with Rel. 10 eICIC achieved gains of about 2 – 15.1% and 12.4 – 24.9% in terms of the average cell throughput and 5% UE throughput, respectively
· CS/CB-CoMP with Rel. 10 eICIC achieved a higher gain in the ULA scenario than in the CPA scenario.
For the future investigation, we will further investigate the performance of CoMP and Rel. 10 eICIC considering the CSI feedback ratio and coordination scheme.
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