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1 Introduction
In the RAN1#74 meeting, simulation assumptions for performance evaluation of CoMP with Non-Ideal Backhaul (CoMP-NIB) were discussed for CoMP scenario 2, SCE scenario 1 and SCE scenario 2a [1] and the simulation assumptions for these scenarios were agreed in [2] and [3]. Key agreed simulation assumptions are listed in the following:
· CoMP operation between macro eNB and small cell eNBs in heterogeneous network
· Number of clusters per macro cell area: baseline is 1, (optional: 2)
· Number of small cells per cluster: 4,  10
· Number of macro cell areas in coordination: baseline is 3 intra-site macro cell areas (optional: 1 macro cell area)
· Backhaul Assumption:
· Non-ideal backhaul between eNBs:
· Between macro eNB and small cell eNBs within its coverage 
· Between small cell eNBs under the coverage of one macro cell
· Between small cell eNBs of different cells in the same site
· Latency values: {5, 50} ms mandatory, {2, 10, 30}ms optional 
· The same latency value for the above three interfaces is assumed for evaluation
· Backhaul topology is to be described by each company
· Baseline is same latency between any pair of nodes 
· Traffic model: 

· FTP model 1

· Evaluate low, medium, and high load levels (e.g. RU 20%, 40%, 60% across all cells in the most loaded “layer” (i.e. macro and small cells) for the reference scheme)

· Coordination scheme:

· Coordinated scheduling and/or coordinated beamforming

· including semi-static point selection/muting

· Note: Companies are to provide details of their coordination schemes 

· CRS interference is modelled

· How the CRS interference is modelled should be provided by each company

· Transmission scheme for a single point:

· DL: TM10 SU/MU-MIMO

· UL: TM1 MU-MIMO

· Feedback assumption for both reference scheme and CoMP schemes being evaluated:

· Non-ideal channel/interference estimation based on TM10

· CSI reporting: Rel-11 feedback and Rel-12 enhanced feedback

· The assumed feedback should be described by companies in detail (e.g. PUSCH mode 3-2)

· CSI feedback delay from measurement time to arrival at serving eNB: 5ms

· Companies to give details of UL feedback rate/overhead

· Reference schemes for performance comparison is the “best pre-release-12 scheme”, including:

· Rel-11 Intra-site CoMP between the 3 sectors of each macro. 

· Rel-11 feICIC and other Rel-11 (and earlier) coordination signalling between cells where applicable

· Rel-12 enhanced feedback

Moreover, it was also agreed that for each evaluated scheme, information relating to a transmission to/from a serving node in a given subframe should be categorized into two groups [3]:

· Group 1 information: information which is considered valid for a period longer than the backhaul delay, which may therefore be provided from a different node(s) from the serving node;

· Group 2 information: information which is considered valid for a period shorter than the backhaul delay, which must therefore be derived by the serving node.

This contribution provides the performance evaluation of CoMP-NIB schemes for CoMP scenario 2 and SCE scenario 1. Firstly provides the details of coordination schemes and reference schemes for CoMP-NIB simulations, and then gives evaluation results for CoMP-NIB coordination schemes in CoMP scenario 2 and SCE scenario 1 based on the agreed evaluation assumptions.
2 CoMP-NIB schemes for evaluation
2.1 Procedure of Extended Dynamic Point Blanking
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:

[image: image1.wmf]K

,

11

max()

M

pmk

mk

UPF

==

=

åå


Where 
[image: image2.wmf]p

U

 denotes the utility of M cells on K RBGs with the power allocation result p. 
[image: image3.wmf],

mk

PF

 stands for the PF metric on RBG k in the cell m.

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 time 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.
2.2 CoMP-NIB schemes and reference schemes
In this section, CoMP-NIB schemes and reference schemes for the three scenarios (CoMP scenario 2, SCE scenario 1 and SCE scenario 2a) are given, but only the simulation results of CoMP scenario 2 and SCE scenario 1 are given in this contribution.
	CoMP-NIB Simulation Scenario
	Reference Scheme
	CoMP-NIB Scheme

	CoMP scenario 2 with NIB
	Macro-only network
	SU-MIMO with intra-site CoMP (DPS)
	SU-MIMO with extended dynamic point blanking (EDPB)

	SCE scenario 1 with NIB
	Co-channel deployment of the macro cell and small cells
	SU-MIMO with ABS 
	SU-MIMO with extended dynamic point blanking (EDPB) based on ABS

	SCE scenario 2a with NIB
	Separate frequency deployment of the macro cell and small cells
	SU-MIMO with MSA
	SU-MIMO with extended dynamic point blanking (EDPB) based on MSA


3 Performance evaluation of CoMP-NIB scheme in CoMP Scenario 2
In this section, system-level simulations are presented to evaluate the performance of CoMP-NIB scheme over reference scheme with non-full buffer traffic in CoMP Scenario 2. The two cases below are considered:
	CoMP scenario 2
	Description of scheme for evaluation

	Case 1-1: Reference scheme 
	 SU-MIMO with intra-site CoMP (DPS)

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


In the evaluation, intra-site DPS is used for reference scheme and extended dynamic point blanking within 9 cells is used for CoMP-NIB scheme; i.e., coordination area of CoMP-NIB scheme is 9 cells as shown in Figure 1. More detailed simulation assumptions can be found in Appendix 1.
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Figure 1 9 cells coordination area of CoMP-NIB scheme in CoMP Scenario 2

Figure 2 shows the performance gain of Case 1-2 over Case 1-1 under different traffic loads and 5 ms backhaul latency in CoMP Scenario 2 for 4Tx antenna configurations. Detailed simulation results for CoMP Scenario 2 can be found in Appendix 3.
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Figure 2 Performance gain of Case 1-2 over Case 1-1 under different traffic loads and 5 ms backhaul latency in CoMP scenario 2 (9 cells coordination area)
The performance loss of CoMP-NIB scheme is observed from Figure 2 compared to reference scheme, the reason is that although extended dynamic point blanking can do coordination among 9 cells, it cannot outperform DPS among intra-site eNB and show loss compared to it.
Based on the simulation results shown above, the following is observed:
Observation 1: For CoMP scenario 2, extended dynamic point blanking shows loss compared to intra-site CoMP (DPS).
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 below are considered:
	SCE scenario 1
	Description of scheme for evaluation

	Case 2-1: Reference scheme 
	SU-MIMO with ABS 

	Case 2-2: 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 3.  FeICIC is used in the simulation. We assume 4 almost blank subframes per 8 subframes and CRE is set to 9 dB. CRS-IC is used to reduce the strongest CRS interference. More detailed simulation assumptions can be found in Appendix 2.
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Figure 3 Coordination area of CoMP-NIB scheme in SCE scenario 1 (4 small cells per macro cell)
Figure 4 and Figure 5 show the performance gain of Case 2-2 over Case 2-1 under different traffic loads and different backhaul latency in SCE scenario 1 for 4Tx antenna configurations. Figure 4 is for 4 small cells per macro cell case and Figure 5 is for 10 small cells per macro cell case. Detailed simulation results for SCE scenario 1 can be found in Appendix 4.
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Figure 4 Performance gain of Case 2-2 over Case 2-1 under different traffic loads and different backhaul latency in SCE scenario 1 (4 small cells per macro cell)
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Figure 5 Performance gain of Case 2-2 over Case 2-1 under different traffic loads 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 2: For SCE scenario 1, extended dynamic point blanking shows gains over ABS scheme in most cases when the backhaul latency is 5ms.
5 Conclusion

This contribution provides system level simulations results of CoMP-NIB schemes for CoMP scenario 2 and SCE scenario 1, which demonstrated the expected gains of spectral efficiency with CoMP-NIB schemes in SCE scenario 1.

Observation 1: For CoMP scenario 2, extended dynamic point blanking shows loss compared to intra-site CoMP (DPS).
Observation 2: For SCE scenario 1, extended dynamic point blanking shows gains over ABS scheme in most cases when the backhaul latency is 5ms.

In conclusion, 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.
References

[1] RP-130847, Samsung, Study on CoMP for LTE with Non-Ideal Backhaul, Oranjestad, Aruba, 11 – 14 June 2013.

[2] R1-133910, Samsung, CATT, CMCC, KDDI, KT Corp., LG Electronics, Orange, IAESI, Intel, ZTE , “Way Forward on CoMP-NIB Scenarios”, Barcelona, Spain, August 19~23, 2013.
[3] Chairman's Notes RAN1#74, Barcelona, Spain, August 19-23, 2013.
Appendix 1: Simulation assumptions for CoMP scenario 2

	 
	macro cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Number of cells in coordination set
	9 

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa with 3D distance between an eNB and a UE applied (same as macro of SCE scenario 1) 

	Penetration loss
	Same as macro of SCE scenario 1 
(i.e., 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 (same as macro of SCE scenario 1)

	Antenna pattern
	3D according to TR36.819

	Antenna Height
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	For FDD,

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

	Number of UEs 
	Variable per FTP model 1

	UE dropping
	50% UEs are outdoor and 50% UEs are indoor (same as SCE scenario 1)

	Minimum distance 
	 Macro - UE: 35m

	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
	1 dB

	Backhaul assumption
	- Non-ideal backhaul between eNB sites

- Latency values: {5}ms 

- Same latency between any pair of nodes

	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 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 3: Detailed simulation results for CoMP scenario 2

	The following table gives the detailed simulation results for CoMP scenario 2:
　
	CoMP scenario 2

	　
	RU 18.8%
	RU 52.6%

	　
	Reference scheme
	5ms
	Reference scheme
	5ms

	5% UPT (Mbps)
	6.72 
	6.71 
	2.80 
	2.70 

	mean UPT  (Mbps)
	16.26 
	15.88 
	10.93 
	10.31 

	Gain of 5% UPT
	0.0%
	-0.2%
	0.0%
	-3.6%

	Gain of mean UPT
	0.0%
	-2.3%
	0.0%
	-5.7%


Appendix 4: Detailed simulation results for and SCE scenario 1

The following table gives the detailed simulation results for SCE scenario 1(4 small cells per macro cell).
	　
	  SCE scenario 1 (4 small cells per macro cell)

	　
	RU 23.5%
	RU 46.9%

	　
	Reference scheme
	5ms
	50ms
	Reference scheme
	5ms
	50ms

	5% UPT (Mbps)
	4.35 
	4.54 
	4.34 
	2.10 
	2.17 
	1.83 

	mean UPT  (Mbps)
	16.60 
	16.83 
	16.48 
	11.98 
	12.28 
	11.55 

	Gain of 5% UPT
	0.0%
	4.4%
	-0.2%
	0.0%
	3.3%
	-12.9%

	Gain of mean UPT
	0.0%
	1.4%
	-0.7%
	0.0%
	2.5%
	-3.6%


	The following table gives the detailed simulation results for SCE scenario 1(10 small cells per macro cell):
　
	  SCE scenario 1 (10 small cells per macro cell)

	　
	RU 32.20%
	RU 60.82%

	　
	Reference scheme
	5ms
	50ms
	Reference scheme
	5ms
	50ms

	5% UPT (Mbps)
	3.05 
	3.10 
	3.05 
	1.22 
	1.31 
	1.21 

	mean UPT  (Mbps)
	12.39 
	12.33 
	12.20 
	7.594 
	7.698 
	7.702 

	Gain of 5% UPT
	0.0%
	1.6%
	0.0%
	0.0%
	7.4%
	-0.8%

	Gain of mean UPT
	0.0%
	-0.5%
	-1.5%
	0.0%
	1.4%
	1.4%
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