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1 Introduction
In the RAN1#74bis meeting, simulation results of CoMP-NIB schemes are provided and the performance gains of CoMP-NIB schemes vary in a large range from different companies, even with a common set of agreed simulation assumptions. In order to align the simulation results for CoMP-NIB schemes and make the conclusion for CoMP-NIB study item, it is agreed that further performance evaluation and alignment of reference schemes are needed for small cell scenarios [1]. Moreover, the following simulation assumptions for further performance evaluation were agreed in [2]:
· Reference schemes (including intra-site CoMP) 
· SCE scenario 1:   FeICIC scheme 

· SCE scenario 2a (including modelling of macro association) 

· Resource utilisation: 20%, 40%, 60% 
· The following metrics for reference schemes should be provided by each company: 
· Mean, 5%, 50%, 95% UPT to be provided as absolute values 

· Percentage of UEs belonging to macro cells and small cells 

· CDF curve of coupling loss for UE to serving cell (separate for macro and small cells) 

· CDF curve of geometry (separate for macro and small cells) 

· Served cell throughput for FTP traffic model 1 

· Probability of successful first PDSCH transmission 

· CSI and interference measurement method should be provided by each company: 
· Number of CSI processes, CSI reference resource and IMR assumption for each CSI process 

· Delay and period of CQI feedback 

· Error modelling should be provided by each company
At the RAN1#74bis meeting, we had provided the simulation results of CoMP-NIB schemes for CoMP scenario 2 and SCE scenario 1 in [3], which demonstrate that there is performance loss for extended dynamic point blanking compared to intra-site CoMP (DPS) for CoMP scenario 2, while there is performance gain for SCE scenario 1. 
This contribution provides simulation results of CoMP-NIB for SCE scenario 1 and 2a. And a few metrics of reference schemes for SCE scenario 1 and 2a are also given in this paper and simulation results of CoMP-NIB schemes for SCE scenario 1 are not changed compared to [3]. The details of coordination schemes for CoMP-NIB simulations are first provided in section 2. And then several detailed simulation assumptions are discussed in section 3. Evaluation results for CoMP-NIB coordination scheme in SCE scenario 1 are given in section 4 and a few metrics for reference scheme in SCE scenario 1 are provided in section 5. Moreover, evaluation results for CoMP-NIB coordination scheme in SCE scenario 2a are given in section 6 and a few metrics for reference scheme in SCE scenario 2a are provided in section 7.
2 CoMP-NIB schemes for evaluation
The procedure of extended dynamic point blanking for CoMP-NIB in heterogeneous network is illustrated as follows, 

1st step: UE measures CSI-RS and IMR (Interference Measurement Resource) and reports short-term CSI with the configuration of only serving cell is ON and the other neighbouring cells within coordination set are OFF; UE measures and reports short-term RSRP (Im) of all neighbouring cells (with index m) , and the serving cells short-term RSRP I0.  Feedback reports are sent to the serving cell.
IMR is supported by Rel-11 UE in transmission mode TM10. Instantaneous interference measurement can better reflect the interference situation of UE within short time duration. 

2nd step: Macro cell collects CSI, RSRP and UE historic data rate information from the cells involved in the coordination.
3rd step: Macro cell computes the utility metric of a set of cells to determine the optimal power allocation.

The utility of a set of cells is maximized, as shown in the following formula, where the utility metric is based on PF metrics:
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4th step: Macro cell sends the recommended power allocation results to the set of cells

5th step: Each individual cell within the set conducts localized scheduling (space/time/frequency resource allocation for users) with link adaptation compensation (CQI recalculation and MCS adjustment based on the power allocation recommended by the macro cell)

Note: Group 1 information includes power allocation information. Group 2 information includes short-term RSRP information, CSI and UE historic data rate information.
In order to simplify the simulation, this simulation uses cell level power allocation instead of RBG level power allocation, and determines the cell level power allocation according to whether there is data traffic.
In 5th step, MCS is adjusted at each cell according to the power allocation information. The following gives an example of the MCS adjustment process:
a) UE reports the short-term CSI to serving cell. This short-term CSI calculated with the configuration of only serving cell is ON and all neighboring cells within the coordination set are OFF, so the SINR of the serving cell is given as
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b)  The short-term RSRP of neighboring cell (with index m) measured and reported to serving cell by the UE is
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c)  The final SINR adjusted based on the power allocation information can be obtained by 
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 , assuming S=I0, and N0 can be calculated by 
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d) Each cell uses 
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for the MCS selection and scheduling the UE.

3 Discussion on several detailed simulation assumptions
3.1 CSI and interference measurement method 

Each UE is configured with one CSI process and measures CSI-RS and IMR (Interference Measurement Resource) and reports short-term CSI with the configuration of only serving cell is ON and the other neighbouring cells within coordination set are OFF. 
UE measures CSI-RS and reports short-term RSRP of all neighbouring cells and the serving cells short-term RSRP.  Feedback reports are sent to the serving cell.
IMR is supported by Rel-11 UE in transmission mode TM10. Instantaneous interference measurement can better reflect the interference situation of UE within short time duration. 

Both delay and period of CQI feedback are set to 5ms.

3.2 Error modelling 

About error modelling for channel estimation, non-ideal channel/interference estimation based on TM10 is used in the simulation.
4 Performance evaluation of CoMP-NIB scheme in SCE scenario 1
In this section, system-level simulations are presented to evaluate the throughput gain of CoMP-NIB scheme over reference scheme with non-full buffer traffic in SCE scenario 1. The two cases are considered as shown in Table 1:

Table 1 Two cases for CoMP-NIB scheme performance evaluation in SCE scenario 1

	SCE scenario 1
	Description of scheme for evaluation

	Case 1-1: Reference scheme 
	SU-MIMO with ABS 

	Case 1-2: CoMP-NIB scheme
	SU-MIMO with extended dynamic point blanking(EDPB) based on ABS


The performance gain of CoMP-NIB scheme over reference scheme observed in the evaluations is mainly expected from the following point:

· Benefit due to sharing of power allocation pattern from macro cell to each cell involved in the coordination and each cell can recalculate CQI and get more accurate MCS according to the power allocation pattern in CoMP-NIB scheme than that in reference scheme. 
In the evaluation, the coordination area of CoMP-NIB scheme is 3 intra-site macro cell areas (i.e., 3 macro cells and all the small cells under the coverage of these 3 macro cells), as shown in Figure 1 REF _Ref367976666 \h 
 \* MERGEFORMAT .  FeICIC is used in the simulation. We assume 4 almost blank subframes per 8 subframes and CRE (Cell Range Extension) is set to 9 dB. CRS-IC is used to reduce the strongest CRS interference. 

[image: image9.emf]
Figure 1 Coordination area of CoMP-NIB scheme in SCE scenario 1 (4 small cells per macro cell)
Figure 2 REF _Ref367976725 \h 
 \* MERGEFORMAT  and  REF _Ref367976773 \h 
 \* MERGEFORMAT  Figure 3 show the performance gain of Case 1-2 over Case 1-1 under different resource utilizations (RU) and different backhaul latency in SCE scenario 1 for 4Tx antenna configurations. Figure 2 is for 4 small cells per macro cell case and  REF _Ref367976773 \h 
 \* MERGEFORMAT  Figure 3 is for 10 small cells per macro cell case. 
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Figure 2 Performance gain of Case 1-2 over Case 1-1 under different resource utilizations and different backhaul latency in SCE scenario 1 (4 small cells per macro cell)
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Figure 3 Performance gain of Case 1-2 over Case 1-1 under different resource utilizations and different backhaul latency in SCE scenario 1 (10 small cells per macro cell)
Based on the simulation results shown above, the following is observed:
Observation 1: For SCE scenario 1, extended dynamic point blanking shows gains over ABS scheme in most cases when the backhaul latency is 5ms.

5 A few metrics of reference scheme in SCE scenario 1

5.1 Metrics of reference scheme in SCE scenario 1 for 4 small cells per macro cell case
The following tables and figures give a few metrics of reference scheme in SCE scenario 1 for 4 small cells per macro cell case (4Tx).
Table 2 Absolute User Perceived Throughput (UPT) and served cell throughput
	　SCE scenario 1 (4 small cells per macro cell)

	　Reference scheme
	RU 23.5%
	RU 46.9%
	RU 60.8%

	5% UPT (Mbps)
	4.35
	2.1
	1.25

	mean UPT  (Mbps)
	16.6
	11.98
	9.68

	50% UPT (Mbps)
	15.33
	10.05
	7.56

	95% UPT (Mbps)
	31.75
	29.2
	25.81

	Served Cell Throughput (Mbps)
	18.4
	32.50
	41.76


Table 3 Statistics of cell association with macro and small cells (4 small cells per macro cell)
	Cell association
	Percentage

	Macro cell
	17.26%

	Small cell
	82.73%


The CDF curve of coupling loss to serving cell and the geometry are shown in Figure 4 and Figure 5 REF _Ref370129313 \h 
 \* MERGEFORMAT . In the legend, “Macro UE” means the UEs served by macro cell, and “SC UE” means the UEs served by small cell.
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Figure 4 CDF curve of coupling loss to serving cell (4 small cells per macro cell)
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Figure 5 Geometry in SCE scenario 1 (4 small cells per macro cell)
The CDF curves of UPT for different resource utilizations are shown in Figure 6 REF _Ref370129516 \h 
 \* MERGEFORMAT : 
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(a) RU=23.5%                                                                 (b) RU=46.9%
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Figure 6 CDF curves of UPT for reference scheme under different resource utilizations in SCE scenario 1 (4 small cells per macro cell)
The probability of successful first PDSCH transmission for the reference scheme in SCE scenario 1 with 4 small cells per macro cell is shown in Table 4:
Table 4 Probability of successful first PDSCH transmission (4 small cells per macro cell)
	Resource Utilization
	23.5%
	46.9%
	60.8%

	Probability of successful first PDSCH transmission
	92.25%
	90.81%
	90.25%


5.2 Metrics of reference scheme in SCE scenario 1 for 10 small cells per macro cell case

The following tables and figures give a few metrics of reference scheme in SCE scenario 1 for 10 small cells per macro cell case (4Tx).
	Table 5 Absolute User Perceived Throughput (UPT) and served cell throughput
　SCE scenario 1 (10 small cells per macro cell)

	　Reference scheme
	RU 18.63%
	RU 41.94%
	RU 60.82%

	5% UPT (Mbps)
	4.84
	2.16
	1.22

	mean UPT  (Mbps)
	14.85
	10.65
	7.594

	50% UPT (Mbps)
	13.61
	9.01
	5.87

	95% UPT (Mbps)
	28.17
	25
	20.41

	Served Cell Throughput (Mbps)
	28.59
	52.72
	69.73


Table 6 Statistics of cell association with macro and small cells (10 small cells per macro cell)
	Cell association
	Percentage

	Macro cell
	10%

	Small cell
	90%


The CDF curve of coupling loss to serving cell and the geometry are shown in Figure 7 and Figure 8 REF _Ref370129313 \h 
 \* MERGEFORMAT . In the legend, “Macro UE” means the UEs served by macro cell, and “SC UE” means the UEs served by small cell.
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Figure 7 CDF curve of coupling loss to serving cell (10 small cells per macro cell)
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Figure 8 Geometry in SCE scenario 1 (10 small cells per macro cell)
The CDF curves of UPT for different resource utilizations are shown in Figure 9 REF _Ref370129516 \h 
 \* MERGEFORMAT : 
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(a) RU=18.63%                                                                 (b) RU=41.94%
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 (c) RU=60.82%

Figure 9 CDF curves of UPT for reference scheme under different resource utilizations in SCE scenario 1 (10 small cells per macro cell)
The probability of successful first PDSCH transmission for the reference scheme in SCE scenario 1 with 10 small cells per macro cell is shown in Table 7:

Table 7 Probability of successful first PDSCH transmission (10 small cells per macro cell)
	Resource Utilization
	18.63%
	41.94%
	60.82%

	Probability of successful first PDSCH transmission
	92.03%
	90.31%
	89.73%


6 Performance evaluation of CoMP-NIB scheme in SCE scenario 2a

In this section, system-level simulations are presented to evaluate the throughput gain of CoMP-NIB scheme over reference scheme with non-full buffer traffic in SCE scenario 2a. The two cases are considered as shown in Table 8:

Table 8 Two cases for CoMP-NIB scheme performance evaluation in SCE scenario 2a
	SCE scenario 2a
	Description of scheme for evaluation

	Case 2-1: Reference scheme 
	SU-MIMO 

	Case 2-2: CoMP-NIB scheme
	SU-MIMO with extended dynamic point blanking(EDPB) 


The performance gain of CoMP-NIB scheme over reference scheme observed in the evaluations is mainly expected from the following point:

· Benefit due to sharing of power allocation pattern from macro cell to each cell involved in the coordination and each cell can recalculate CQI and get more accurate MCS according to the power allocation pattern in CoMP-NIB scheme than that in reference scheme. 
In the evaluation, the coordination area of CoMP-NIB scheme is 3 intra-site macro cell areas (i.e., 3 macro cells, or all the small cells under the coverage of these 3 macro cells), as shown in Figure 10. For the method of cell association, one UE will attach to one macro cell or one small cell according to RSRQ measurement once it is dropped and will not change the serving cell during one drop in the simulation. CSO (Cell Selection Offset) is set to 6 dB for cell association. CRS-IC is used to reduce the strongest CRS interference. More detailed simulation assumptions can be found in Appendix 2.

[image: image22.emf]
Figure 10 Coordination area of CoMP-NIB scheme in SCE scenario 2a (4 small cells per macro cell)
Figure 11 shows the performance gain of Case 2-2 over Case 2-1 under different resource utilizations (RU) and different backhaul latency in SCE scenario 2a for 2Tx antenna configurations in 4 small cells per macro cell case. 
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Figure 11 Performance gain of Case 2-2 over Case 2-1 under different resource utilizations and different backhaul latency in SCE scenario 2a (4 small cells per macro cell)
Based on the simulation results shown above, the following is observed:
Observation 2: For SCE scenario 2a, extended dynamic point blanking shows losses over reference scheme.

7 A few metrics of reference scheme in SCE scenario 2a
The following tables and figures give a few metrics of reference scheme in SCE scenario 2a for 4 small cells per macro cell case (2Tx).

	Table 9 Absolute User Perceived Throughput (UPT) and served cell throughput in SCE scenario 2a
　SCE scenario 2a (4 small cells per macro cell)

	　Reference scheme
	RU 23.5%
	RU 45.8%
	RU 64.9%

	5% UPT (Mbps)
	7.03
	3.03
	1.44

	mean UPT  (Mbps)
	20.20
	15.17
	11.05

	50% UPT (Mbps)
	20.51
	13.61
	9.01

	95% UPT (Mbps)
	31.75
	31.75
	27.59

	Served Cell Throughput (Mbps)
	22.44
	38.43
	51.03


Table 10 Statistics of cell association with macro and small cells in SCE scenario 2a (4 small cells per macro cell)
	Cell association
	Percentage

	Macro cell
	28.37%

	Small cell
	71.63%


The CDF curve of coupling loss to serving cell and the geometry in SCE scenario 2a is shown in Figure 13 and Figure 14. In the legend, “Macro UE” means the UEs served by macro cell, and “SC UE” means the UEs served by small cell.
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Figure 13 CDF curve of coupling loss to serving cell in SCE scenario 2a (4 small cells per macro cell)
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Figure 14 Geometry in SCE scenario 2a (4 small cells per macro cell)
The CDF curves of UPT for different resource utilizations in SCE scenario 2a are shown in Figure 15: 
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Figure 15 CDF curves of UPT for reference scheme under different resource utilizations in SCE scenario 2a (4 small cells per macro cell)
The probability of successful first PDSCH transmission for the reference scheme in SCE scenario 2a with 4 small cells per macro cell is shown in Table 11:
Table 11 Probability of successful first PDSCH transmission in SCE scenario 2a (4 small cells per macro cell)
	Resource Utilization
	23.5%
	45.8%
	64.9%

	Probability of successful first PDSCH transmission
	92.46%
	91.05%
	90.15%


8 Conclusion

This contribution provides system level simulations results of CoMP-NIB schemes for SCE scenario 1 and 2a. Moreover, a few metrics of reference scheme for SCE scenario 1 and 2a are also given.

Observation 1: For SCE scenario 1, extended dynamic point blanking shows gains over ABS scheme in most cases when the backhaul latency is 5ms.

Observation 2: For SCE scenario 2a, extended dynamic point blanking shows losses over reference scheme.

Since our previous evaluations [3] showed a loss in CoMP scenario 2, the following is proposed:
Proposal: Small cell scenario should have higher priority for CoMP-NIB study than CoMP scenario 2 due to gains of CoMP-NIB schemes in heterogeneous scenarios.
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Appendix 1: Simulation assumptions for SCE scenario 1
Detailed simulation assumptions for SCE scenario 1 are shown in Table 12:

Table 12 Simulation assumptions for SCE scenario 1
	 
	macro cell
	small cell

	Layout
	Hexagonal grid, 3 sectors per site, 7 Macro sites. 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Number of macro cell areas in coordination set
	3 intra-site macro cell areas

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz

	Carrier number
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied. 
	ITU UMi, with 3D distance between an eNB and a UE applied.

	Penetration loss
	For outdoor UEs:0dB

For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa
	ITU UMi

	Antenna pattern
	3D according to TR36.819
	2D Omni-directional

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi

	Antenna configuration
	For FDD,

• 4Tx, 2Rx in DL, cross-polarized
• 1Tx, 2Rx in UL, cross-polarized
	For FDD,

• 4Tx, 2Rx in DL, cross-polarized
• 1Tx, 2Rx in UL, cross-polarized

	Number of small cell clusters per macro cell area
	1

	Number of small cells per cluster
	4, 10

	Number of small cells per macro cell
	[4, 10]*Number of clusters per macro cell area

	Number of UEs
	Variable per FTP model 1

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE: 35m

	
	Cluster center – cluster center: 2*radius for small cell dropping in a cluster

	Traffic model
	FTP model 1 as in TR 36.814 

	UE receiver
	MMSE (non-ideal DMRS channel estimation)

	UE noise figure for DL
	9 dB

	UE speed
	3km/h

	Handover margin
	1dB

	Backhaul assumption
	- Non-ideal backhaul between eNB sites

- Latency values: {5, 50}ms 

	Performance metrics
	Mean UPT and 5% UPT at the given offered traffic 

	Considered transmission schemes from a single point
	DL: TM10 SU-MIMO

	Feedback assumption
	- Non-ideal channel/interference estimation based on TM10

- CSI reporting: Rel-11 feedback

- PUSCH mode 3-1

	CRS interference
	CRS interference is modeled.


Appendix 2: Simulation assumptions for SCE scenario 2a

Detailed simulation assumptions for SCE scenario 2a are shown in Table 13:

Table 13 Simulation assumptions for SCE scenario 2a
	 
	macro cell
	small cell

	Layout
	Hexagonal grid, 3 sectors per site, 7 Macro sites. 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Number of macro cell areas in coordination set
	3 intra-site macro cell areas

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied. 
	ITU UMi, with 3D distance between an eNB and a UE applied.

	Penetration loss
	For outdoor UEs:0dB

For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa
	ITU UMi

	Antenna pattern
	3D according to TR36.819
	2D Omni-directional

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi

	Antenna configuration
	For FDD,

• 2Tx, 2Rx in DL, cross-polarized
• 1Tx, 2Rx in UL, cross-polarized
	For FDD,

• 2Tx, 2Rx in DL, cross-polarized
• 1Tx, 2Rx in UL, cross-polarized

	Number of small cell clusters per macro cell area
	1

	Number of small cells per cluster
	4

	Number of small cells per macro cell
	[4]*Number of clusters per macro cell area

	Number of UEs
	Variable per FTP model 1

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D)
	Small cell – small cell: 20m

	
	Small cell – UE: 5m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE: 35m

	
	Cluster center – cluster center: 2*radius for small cell dropping in a cluster

	Traffic model
	FTP model 1 as in TR 36.814 

	UE receiver
	MMSE (non-ideal DMRS channel estimation)

	UE noise figure for DL
	9 dB

	UE speed
	3km/h

	Cell selection criteria
	RSRQ for inter-frequency, with 6dB cell common bias (CSO).

	Handover margin
	1dB

	Backhaul assumption
	- Non-ideal backhaul between eNB sites

- Latency values: {5, 50}ms 

	Performance metrics
	Mean, 5%/50%/95% UPT at the given offered traffic

	Considered transmission schemes from a single point
	DL: TM10 SU-MIMO

	Feedback assumption
	- Non-ideal channel/interference estimation based on TM10

- CSI reporting: Rel-11 feedback

- PUSCH mode 3-1

	CRS interference
	CRS interference is modeled.




















_1437220675.unknown

_1441563236.unknown

_1441563248.unknown

_1441631457.vsd

_1441563155.unknown

_1437220733.unknown

_1441563001.unknown

_1436621553.unknown

