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1 Introduction

In CoMP system assumptions [1], four deployment scenarios are deemed important for CoMP. Phase 2 study for CoMP in heterogeneous networks begins at RAN1#65. This contribution provides the system evaluation of DL CoMP, including CBS (Coordinated Beam Switching) and JT (Joint Transmission), based on the agreed system assumptions [1] for scenario 3.
Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Coordination area includes:
- 1 cell with N low-power nodes as starting point

- 3 intra-site cells with 3*N low-power nodes

· Benchmark is non-CoMP Rel. 10 eICIC framework with the different cell ID
2 CoMP Schemes in HetNet
(1) Coordination among 1 cell and N low-power nodes
Scheme: SU/MU-JT

For SU/MU-JT, the following scheme is used:

· The UE select SU/MU-JT mode following the criterion: 

· 
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, where Threshold can be e.g. 10dB

· For each cell group with one macro cell and one pico cell, the number of subbands used for scheduling CoMP transmissions will be limited according to the ratio of the number of CoMP UEs for this cell group and the total number of UEs in the macro cell. This is to guarantee that the amount of resource used for single-cell transmission UEs in the macro cell is not too few and to avoid that the throughput of macro UEs decreases.

· UE pairing: only UEs with same cell group (1 cell or 2 cells) can be paired with each other.

· Feedback: single-cell SU/MU-MIMO is based on the adaptive codebook feedback scheme [4]; CoMP JT is based on a hierarchical multi-cell feedback scheme described in Appendix A. More details can be found in [5].
· In order to improve cell edge UEs’ performance, the scheduler allocates JT resources for each cell group first. The remaining resources are then scheduled for single-cell SU/MU-MIMO transmissions.
(2) Coordination among 3 intra-site cells and 3(N low-power nodes
Scheme: SU-CBS

In scenario 3, SU-CBS will be a good choice to enhance system performance, especially in systems relying on CQI feedback only. The reason is that for each pico cell, the strong inter-cell interference from macro cell occurs only when the macro cell transmission is very focused in certain spatial direction.

The CBS algorithm is the same as in [3]. The only difference is that rank adaptation is used in the baseline SU-MIMO system.
3 System Evaluation
3.1 Coordination among 1 cell and N low-power nodes
Scheme: SU/MU-JT Evaluation
Baseline is single-cell SU/MU-MIMO. The system evaluation of gain from SU/MU-JT is shown in Figure 1 and Table 1.
Figure 1 SU/MU-JT Gain over SU/MU-MIMO
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Table 1. JT Performance, 25 UEs per macrocell area
	　
	　
	　
	Gain over SU/MU-MIMO

	Tx Mode
	Antennas
	Receiver
	Average Gain
	Edge Gain

	2 cells JT
	2x2
	MMSE Option 2
	0.58%
	15.89%

	2 cells JT
	4x2
	MMSE Option 2
	1.31%
	7.21%


Observations: 
1. From Table 1, it can be seen that for v-pol antenna configuration, SU/MU-JT will provide 15.9% gain for 2(2 at the cell edge and 7.2% gain for 4(2 at the cell edge with a small cell average gain without range extension in scenario 3.

2. 2Tx SU/MU-JT will provide more cell edge gain over SU/MU-MIMO, compared with 4Tx SU/MU-JT.
Note: if the coordination area is extended to 3 intra-site cells with 3(N low-power nodes, more performance gain is expected with SU/MU-JT, as a considerable portion of the interference incurred to cell-edge UEs in the macro sector area comes from transmissions within neighboring sectors.

3.2 Coordination among 3 intra-site cells and 3(N low-power nodes
Scheme: CBS Evaluation

Baseline is single-cell SU-MIMO with rank adaptation. The system evaluation of CoMP gain from rank 1 SU-CBS is shown in Figure 2 and Tables 2 and 3. 8 ms feedback delay is assumed, with and without range extension (RE).
Figure 2 SU-CBS Gain over SU-MIMO, 2x2
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	Table 2. SU-CBS vs SU-MIMO, 2(2, 60 UEs per macrocell area
　
	　
	SU-CBS gain over SU-MIMO

	RE
	Receiver
	Average gain
	Edge gain

	0 dB
	MMSE Option 1
	9.90%
	26.28%

	6 dB
	MMSE Option 1
	11.23%
	34.65%


Table 3. SU-CBS vs SU-MIMO, 2(2, 25 UEs per macrocell area
	
	　
	SU-CBS gain over SU-MIMO

	RE
	Receiver
	Average gain
	Edge gain

	0 dB
	MMSE Option 1
	5.79%
	23.93%

	6 dB
	MMSE Option 1
	5.86%
	27.61%


Observations: 

1. From Tables 2 and 3, it can be seen that for vertically polarized antenna configuration with 8ms feedback delay, CBS will provide 5%~10% cell average gain and 20%~35% cell edge gain for both cases with and without range extension in scenario 3.

2. CoMP gains with CBS are rather insensitive to range extension.
4 Conclusions
Preliminary system evaluation results showed that CoMP gain for scenario 3 is significant, especially for cell edge UE throughput:
1. Considering coordination among 1 cell and N low-power nodes
· SU/MU-JT is used, 15.9% gain for 2(2 cell edge and 7.2% gain for 4(2 cell edge with a small cell average gain is achieved over baseline single-cell SU/MU-MIMO, without range extension.
· SU/MU-JT provides more cell edge gain over SU/MU-MIMO with 2Tx than with 4Tx.
· Extension of the coordination area to 3 intra-site cells with 3(N low-power nodes is expected to provide more performance gain with SU/MU-JT.
2. Considering Coordination among 3 intra-site cells and 3(N low-power nodes
· Rank 1 SU-CBS is compared to baseline single-cell SU-MIMO with rank adaptation
a) For vertically polarized antenna configuration with 8ms feedback delay, CBS provides 5%~10% cell average gain and 20%~35% cell edge gain for cases with and without range extension.

b) CoMP gains with CBS are rather insensitive to range extension.
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Appendix A. CoMP JT Feedback schemes

In CoMP JT feedback schemes, long term covariance matrix R for each cell and complementary inter-cell information is used to extend feedback scheme from single-cell feedback to multi-cell feedback. The inter-cell information W could be selected from a well-designed codebook such as Grassmanian codebook or the other extended codebook. 

Considering that covariance matrix R is long term, the total feedback overhead will be reduced and might remain in a reasonable level. Take four transmit antennas as example, assuming that 4-bit codebook is used for the serving cell, and 4-bit codebook is used for W, then the short term feedback overhead will be 4 bits for each cell.

Assuming the number of transmitted streams is 1 and cooperating set size is K, the details of this method can be described by the following steps:

Step 1: Individually obtain the wideband covariance matrix Ri of the ith cell in long term, and Ri could be fed back explicitly or obtained by channel reciprocity. From eigenvalue decomposition, we have 
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, where Vi (i = 1… K) is eigenvector of Ri , and D2i  is eigenvalue of Ri . To compress the feedback overhead, we can use the largest M (1≤M≤NTX) eigenvalues and relevant eigenvectors.

Step 2: Select serving cell PMI using single cell MIMO feedback scheme, such as adaptive codebook [4]. Assuming that cell 1 is the serving cell, P1 is the codeword for cell 1.

Step 3: Select 
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 (i = 2…K) from the codebook for W. 

The joint CSI can be represented as
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Where 
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. We could select 
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 (i = 2…K) from the codebook for W to get the best 
[image: image9.wmf]F

 according to different principles, such as maximizing the receiving signal power or receiving SINR, etc.
Considering we only use the largest M eigenvalues and relevant eigenvectors of Ri, and only use 1 transmission stream, as a result, the size of Vi is NTX (M, the size of 
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 is M(1. A potential codebooks designed for 
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 (M=1) is listed in [5].

An example of feedback scheme with two coordinated cells is shown in Figure 1.
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Figure 3  hierarchical feedback
Appendix B. System Assumptions
Table 5 Simulation Assumptions for CBS

	Parameter
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macrocell coverage 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell

	Simulation case
	ITU UMa for Macro, UMi for low power node

·  UMa
- UE speed : 3km/hr

- No outdoor in-car penetration loss

·  UMi
- Carrier Frequency : 2GHz

- 100% UE dropped outdoors

- No outdoor to indoor penetration loss
Pathloss, penetration and shadowing generation methodology are aligned with TR36.814 Annex A.2.1.1.2

	Number of UEs per cell
	25, 60

	Number of low power node per macro-cell
	From TR36.814:

Configuration #1 with N low power nodes per macro cell
N = 4

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	System bandwidth
	10MHz

	Possible transmission schemes in DL
	SU-MIMO
SU-CBS

	Network synchronization
	Synchronized

	Number of antennas at 

transmission point
	2

	Number of antennas at UE
	2

	Antenna configuration
	2 Tx antennas

2 columns, co-polarized, closely-spaced: | |

	eNB Antenna tilt
	Macro: 3D

Pico: 2D

	
	

	Feedback scheme
	Rel 8 Codebook is used.

SU-MIMO: PUSCH subband CQI-PMI, rank adaptation
SU-CBS: Wideband PMI, subband CQI, rank=1

	Channel estimation
	Ideal

	UE receiver
	MMSE option 1 [2]

	DL overhead assumption
	3 symbols for DL CCHs, 4 port CRS

	Placing of UEs
	From TR36.814:

Configuration #1

	Traffic model
	Full buffer 

	HARQ
	Chase combining, maximum 3 transmissions


Table 6 Simulation Assumptions for JT

	Parameter
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with low power RRHs within the macrocell coverage 
· transmission/reception points created by the RRHs have different cell IDs as the macro cell

	Simulation case
	ITU UMa for Macro, UMi for low power node

·  UMa
- UE speed : 3km/hr

- No outdoor in-car penetration loss

·  UMi
- Carrier Frequency : 2GHz

- 100% UE dropped outdoors
- No outdoor to indoor penetration loss
Pathloss, penetration and shadowing generation methodology are aligned with TR36.814 Annex A.2.1.1.2

	Number of UEs per cell
	25

	Duplex mode
	FDD

	System bandwidth
	10MHz

	Possible transmission schemes in DL
	SU/MU-MIMO
SU/MU-JT

	JT UE Selection
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	Network synchronization
	Synchronized

	Number of antennas at transmission point
	2, 4

	Number of antennas at UE
	2

	Antenna configuration
	2 Tx antennas
2 columns, co-polarized, closely-spaced: | |

4 Tx antennas
4 columns, vertically-polarized, closely-spaced: | | | |



	eNB Antenna tilt
	Macro: 3D

Pico: 2D

	Feedback scheme
	Single-cell SU/MU-MIMO: adaptive codebook, using short-term subband CSI (2 or 4 bits PMI) + long-term covariance matrix, 4 bits subband CQI
SU/MU-JT: 
Same CSI with single-cell SU/MU-MIMO for serving cell;
Long-term channel covariance matrix plus short-term codebook-based CSI with 4 bits per sub-band per neighbor cell; 
Long-term channel covariance matrix is obtained by channel reciprocity;
4 bits subband CQI

	Channel estimation
	Ideal

	UE receiver
	MMSE option 2 [2]

	DL overhead assumption
	3 symbols for DL CCHs, 1 port CRS and 12 REs for DM-RS for both single-cell SU/MU-MIMO and SU/MU-JT
2 or 4 port CSI-RS with 10ms period for single-cell SU/MU-MIMO and SU/MU-JT; 

No muting for single-cell SU/MU-MIMO, 2 port x 4 muting with 10ms period for macro cell and 2 port muting with 10ms period for pico cell for 2Tx SU/MU-JT case, 4 port x 4 muting with 10ms period for macro cell and 4 port muting with 10ms period for pico cell for 4Tx SU/MU-JT case.

	Placing of UEs
	From TR36.814:

Configuration #1

	Traffic model
	Full buffer 

	HARQ
	Chase combining, maximum 3 transmissions
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