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1 Introduction

In the RAN#63 meeting, RAN agreed to reduce the scope of WI to the items listed below based on X2 interface for WI Inter-eNB CoMP. In [1], the detailed proposal as follows: 
Proposal: RAN agrees to reduce the scope of WI to the items listed below based on X2 interface. 
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 
· How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.

· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on necessary rate of exchanging one or more sets of CSI reports over X2 interface 
· One or more measurement reports (RSRP) of a set of UEs

· Enhanced RNTP can be signaled between eNBs to facilitate CoMP
· Information granularity of the Enhanced RNTP is extended to the frequency/time domain
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of Enhanced RNTP in time domain
· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB.
· RAN1 should provide guidance to RAN3 on necessary granularity of transmit power threshold and how many levels should be defined
· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources
· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis

In this contribution, the feasibility of the inter-eNB CoMP information in the above reduced scope is discussed. 

2 Performance evaluation of inter-vendor inter-eNB CoMP 
Evaluations in CoMP-NIB study phase assume the details of scheduling algorithms of all the eNBs involved in CoMP coordination are open to each other.  Actually this exactly implies intra-vendor case. Regarding inter-vendor case, proprietary scheduling details of eNBs from different vendors cannot be taken for granted and exchange of scheduling details through quantization is very difficult. There would be two cases:

· The scheduling algorithms assumed by the eNB which decides the hypothetical resource allocation mismatch those used by the other eNBs involved in the coordination area.
· The eNB which decides the hypothetical resource allocation may assume SU MIMO for other eNBs involved in the coordination area, but in fact other eNBs may use MU MIMO.

In this section, we investigate the performance of the hypothetical resource allocation in the above cases. The system-level simulations are presented for SCE scenario 1 and SCE scenario 2a in inter-vendor case. 
In the evaluation of SCE scenario 1 and SCE scenario 2a, the coordination area of CoMP-NIB scheme is 3 intra-site macro cell areas as shown in Figure 1 and Figure 2.  CRS-IC is used to reduce the strongest CRS interference.

· In SCE scenario 1, FeICIC is used in the simulation as reference scheme. We assume 4 almost blank subframes per 8 subframes and CRE is set to 6 dB. More detailed simulation assumptions can be found in Appendix 1.

[image: image1.emf]
Figure 1 Coordination area of Inter-eNB CoMP scheme with non-ideal backhaul in SCE scenario 1 (4 small cells per macro cell)
· In SCE scenario 2a, more detailed simulation assumptions can be found in Appendix 2.


[image: image2.emf]
Figure 2 Coordination area of Inter-eNB CoMP scheme with non-ideal backhaul in SCE scenario 2a (4 small cells per macro cell)
2.1 Mismatch between PF scheduling algorithms of eNBs
2.1.1 Performance evaluation in SCE Scenario 1
The two cases below are considered in SCE scenario 1:

	SCE scenario 1
	Description of scheme for evaluation

	Case 1-1: Reference scheme 
	SU-MIMO in all eNBs with FeICIC

	Case 1-2: CoMP-NIB scheme
	SU-MIMO with extended dynamic point blanking(EDPB) based on FeICIC
One eNB decides the hypothetical resource allocation and the receiving eNBs would accept the hypothetical resource allocation.

The PF scheduling algorithm of the deciding eNB is different from that of the receiving eNBs. The receiving eNBs use different parameters of PF factor.


Figure 3 shows the performance gain of Case 1-2 over Case 1-1 under different traffic loads and different backhaul latency in SCE scenario 1 (4 small cells per macro cell case) for 4Tx antenna configuration. 
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Figure 3 Performance gain of Case 1-2 over Case 1-1under different traffic loads and different backhaul latency in SCE scenario 1 (4 small cells per macro cell)
2.1.2 Performance evaluation in SCE Scenario 2a
The two cases below are considered in SCE scenario 2a:

	SCE scenario 2a
	Description of scheme for evaluation

	Case 2-1: Reference scheme 
	SU-MIMO in all eNBs

	Case 2-2: CoMP-NIB scheme
	SU-MIMO with extended dynamic point blanking(EDPB) 
One eNB decides the hypothetical resource allocation and the receiving eNBs would accept the hypothetical resource allocation.

The PF scheduling algorithm of the deciding eNB is different from that of the receiving eNBs. The receiving eNBs use different parameters of PF factor.


Figure 4 shows the performance gain of Case 2-2 over Case 2-1 under different traffic loads and different backhaul latency in SCE scenario 2a  (4 small cells per macro cell case)  for 4Tx antenna configuration.
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Figure 4 Performance gain of Case 2-2 over Case 2-1under different traffic loads and different backhaul latency in SCE scenario 2a (4 small cells per macro cell)
The performance loss of Inter-eNB CoMP scheme with non-ideal backhaul is observed compared to reference scheme. The reason is that the hypothetical resource allocation may be inappropriate most of the time due to the mismatch of the scheduling algorithms between two eNBs, which reduces the throughput to a large extent.
Observation 1: Mismatch between PF scheduling algorithms results in huge performance degradation of inter-vendor inter-eNB CoMP. 
2.2 Mismatch between SU and MU MIMO schedulers of eNBs
In this evaluation, the eNB which decides the hypothetical resource allocation assumes SU MIMO for the receiving eNBs, but the receiving eNBs may use MU MIMO. In a realistic system, the scheduling algorithms for MU-MIMO depend on the proprietary implementation, so it is difficult for the deciding eNB to acquire.

In this subsection, system-level simulations are presented for SCE scenario 1 and SCE scenario 2a. 
2.2.1 Performance evaluation in SCE Scenario 1
The two cases below are considered in SCE Scenario 1:
	SCE scenario 1
	Description of scheme for evaluation

	Case 3-1: Reference scheme 
	MU-MIMO in all eNBs with FeICIC

	Case 3-2: CoMP-NIB scheme
	MU-MIMO with extended dynamic point blanking(EDPB) with FeICIC
One eNB decides the hypothetical resource allocation based on the assumed only SU-MIMO in the coordination area and the receiving eNBs would accept the hypothetical resource allocation.


Figure 5 shows the performance gain of Case 3-2 over Case 3-1 under different traffic loads and different backhaul latency in SCE scenario 1 (4 small cells per macro cell case) for 4Tx antenna configuration. 
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Figure 5 Performance gain of Case 3-2 over Case 3-1under different traffic loads and different backhaul latency in SCE scenario 1 (4 small cells per macro cell)
2.2.2 Performance evaluation in SCE Scenario 2a
The two cases below are considered in SCE Scenario 2a:

	SCE scenario 2a
	Description of scheme for evaluation

	Case 4-1: Reference scheme 
	MU-MIMO in all eNBs

	Case 4-2: CoMP-NIB scheme
	MU-MIMO with extended dynamic point blanking(EDPB) 
One eNB decides the hypothetical resource allocation based on the assumed only SU-MIMO in the coordination area and the receiving eNBs would accept the hypothetical resource allocation.


Figure 6 shows the performance gain of Case 4-2 over Case 4-1 under different traffic loads and different backhaul latency in SCE scenario 2a (4 small cells per macro cell case) for 4Tx antenna configuration. 
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Figure 6 Performance gain of Case 4-2 over Case 4-1under different traffic loads and different backhaul latency in SCE scenario 2a (4 small cells per macro cell)
There is performance loss shown in Figure 5 and Figure 6. The reason is that the deciding eNB assumes SU MIMO for the receiving eNBs, but the receiving eNBs uses MU MIMO. The hypothetical resource allocation may be inappropriate. The hypothetical resource allocation is disastrous to the throughput once the receiving eNB accepts the resource allocation while MU-MIMO pairing UEs exist in its area.
Observation 2: Mismatch between SU/MU MIMO schedulers also results in huge performance degradation of inter-vendor inter-eNB CoMP. 
Based on the simulation results shown above, the following is observed:
Proposal 1: Signaling of the hypothetical resource allocation/CSI/RSRP cannot be justified.

Proposal 2: Leaving CoMP-NIB for implementation is preferred over standardization of inter-eNB signaling.  
3 Conclusion

In this contribution, the feasibility of issues for inter-eNB CoMP is discussed, leading to the following observation and proposals:
Proposal 1: Signaling of the hypothetical resource allocation/CSI/RSRP cannot be justified.
Proposal 2: Leaving CoMP-NIB for implementation is preferred over standardization of inter-eNB signaling.
· Observation 1: Mismatch between PF scheduling algorithms results in huge performance degradation of inter-vendor inter-eNB CoMP.
· Observation 2: Mismatch between SU/MU MIMO schedulers also results in huge performance degradation of inter-vendor inter-eNB CoMP.
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Appendix 1: 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

	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

	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/MU-MIMO

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

- CSI reporting: Rel-11 feedback

- PUSCH mode 3-2

	CRS interference
	CRS interference is modeled.


Appendix 2: Simulation assumptions for SCE scenario 2a

Detailed simulation assumptions for SCE scenario 1 are shown in Table 1:

Table 1 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,

• 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

	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%UPT at the given offered traffic

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

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

- CSI reporting: Rel-11 feedback

- PUSCH mode 3-2

	CRS interference
	CRS interference is modeled.
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