Page 1

3GPP TSG RAN WG1 Meeting #74bis

R1-134233
Guangzhou, China, 7th – 11th October 2013
Agenda item:        7.2.9.1
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 
Performance Evaluation of X2 Signalling Enhancement for DL eCoMP with NIB
Document for:
Discussion and Decision 
1. Introduction
The evaluation-related objectives of the study item for CoMP with non-ideal backhaul [1] include the following:
· RAN1 evaluate coordinated scheduling and coordinated beam-forming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. .
· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.
· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 

In this contribution, we discuss a one-way CBF scheme for downlink CoMP transmission.  Furthermore, we investigate corresponding downlink CoMP performance with different levels of backhaul latency in small cell scenario #1 as stated in reference [2].
2. Signalling for Downlink Coordinated Beamforming 
2.1 Information Sharing Mechanism 
To support downlink CoMP with NIB, CoMP information should be exchanged through the X2 interface between the serving cell and the cooperating cell. 

In order to reduce the impact of backhaul latency, we consider a one-way signaling mechanism as shown in Figure 1. In this mechanism, the serving cell provides information to the cooperating cell for certain CoMP users. However, the feedback or acknowledgement information in response from the cooperating cell to the serving cell is not assumed. 
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Figure 1 Signalling Sharing Model

As agreed in RAN1#74, we consider two categories of information as shown in Figure 2. 
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Figure 2 CoMP signalling partition
The first category consists of semi-static information, which is considered valid for a period longer than the backhaul delay. The impact of NIB on this signaling group can be negligible as long as the CoMP cooperating set does not need be updated with a time window shorter than the backhaul delay. 
The second group consists of more dynamic information for specific CoMP users, such as resource allocation information and CoMP transmission time based on scheduling information in the serving cell.  Some examples of dynamic information are as follows:  

Table 1. Possible dynamic cooperation information 
	Content 
	Description

	User ID
	Identifies the UE and its SRS configuration  in the serving cell

	Sub-band Index
	Identifies the resources allocated to the scheduled CoMP user in the serving cell; the number of bits needed for this information depends on the system bandwidth

	Tx Time
	Identifies the subframe(s) in which transmissions to the identified UE will take place  


The dynamic information category is generally sensitive to the backhaul delay although the sensitivity to the delay may be varied. The performance gain from signaling such information is degraded with longer backhaul delay.  Therefore depending on the backhaul delay, e.g. 5ms or 50ms delay, some of the information in the dynamic group can be considered as group 1 if it is useful for a period longer than the backhaul delay, or group 2 if it is not. 
2.2 CBF Scheme 
By utilizing one-way information sharing as described in the previous section, the cooperating cells can perform independent scheduling in a distributed manner. A cooperating cell can select its own users as normal and estimate the served users’ channel state information. Moreover a cooperating cell can exploit the received CoMP signaling over X2 to estimate the impact of its scheduling decisions on the selected CoMP users.  The cooperating cells perform coordinated beam-forming by taking into account the CSI information and scheduling information of the serving cell. The interference from a cooperating cell to the serving cell can thus be mitigated by the best effort of the cooperating cell without a complicated centralized scheduling design. 
3. Simulation results
Considering the difference of antenna array processing capability between the Macro cell eNB and Small cell eNB, two levels CBF is considered during simulations:

· Precoding is used at the Macro cell to avoid causing interference to Small cell(s); 

· Precoding is used at a small cell to avoid causing interference to other small cell(s).

In order to evaluate the performance of downlink CBF CoMP with NIB, preliminary simulations for TDD are provided. Simulation parameters are aligned with [2] except for traffic modelling. As specified in [2], Transmission mode 10, CLA8Tx at Macro eNB, CLA2Tx at small cell eNB, and full buffer data traffic are configured in both non-CoMP and CoMP operation.
· For a macro cell, CBF is designed taking into account both multi-user MIMO interference in the cell and inter-cell interference from the Macro cell to the Small cell CoMP users.  
· For a small cell, CBF is designed taking into account the inter-cell interference from the small cell to other small cell’s CoMP users. 
In both cases, if there is no information sharing from the cooperating cell to the serving cell, or the serving cell decides to ignore information received over X2, the performance is degraded to non-CoMP SU/MU operation.

Single cell transmission (non-CoMP operation) with 9dB CRE is taken as the baseline for performance comparison. Four backhaul latency values {0ms, 5ms, 15ms, 50ms} are considered in the system level simulations.  The system performance results are shown in the following table 
Table 2 CBF performance vs. Backhaul latency

	Transmission Scheme
	Average Performance
	Cell Edge Performance

	SC Transmission  (baseline)
	0
	0

	CBF CoMP, ideal BH (0ms)
	+2%
	+20%

	CBF CoMP, non-ideal BH (5ms)
	+1%
	+20%

	CBF CoMP, non-ideal BH (15ms)
	+2%
	+15%

	CBF CoMP, non-ideal BH (50ms)
	+3%
	-9%


From the simulation results, we have following observations and proposals:
Observation 1: With smaller backhaul latency, such as {5ms, 15ms}, CBF schemes can work and achieve useful cell edge performance gain.
Observation 2: With longer backhaul latency (such as 50ms), CBF schemes lose their advantages on the cell edge performance. 
Observation 3: X2 signalling enhancements may include user scheduling information if backhaul latency is small enough. 
4. Conclusions 
In this contribution, we discussed the operation of CBF for downlink CoMP with non-ideal backhaul and provided initial evaluation results. In summary, we have the following observations:
Observation 1: With smaller backhaul latency, such as {5ms, 15ms}, CBF schemes can work and achieve useful cell edge performance gain.
Observation 2: With longer backhaul latency (such as 50ms), CBF schemes lose their advantages on the cell edge performance. 
Observation 3: X2 signalling enhancements may include user scheduling information if backhaul latency is small enough. 
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Appendix: Simulation assumption
	Parameter
	Values used for evaluation

	Deployment scenarios
	SCE Scenario #1 

	Layout
	· Macro cell: hexagonal grid, 7 Macro sites and 3 sectors per site. 

· Small cell: clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	· Macro cell: 2GHz

· Small cell: 2GHz

	Carrier number 
	1 

	Distance-dependent path loss
	· ITU UMa for macro cell and ITU UMi for small cell.

· 3D distance between an eNB and a UE applied

	Penetration
	· Outdoor UEs: 0dB

· ITU Uma: Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)for SCE#1, 2 for #2a

· ITU Umi: Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)for SCE#1

· ITU Umi: Indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link) for #2a

	Shadowing
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna pattern
	· Macro cell: 3D,  referring to TR36.819

· Small cell: 2D Omni-directional

	Antenna Height
	25m for macro cell and 10m for small cell

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi for macro cell and 5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa for macro cell and ITU UMi for small cell

	Antenna configuration
	· Macro cell: 8Tx, 2Rx in DL, cross polarized;
· Small cell: 2Tx, 2Rx in DL, cross polarized;

	Number of cluster per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Number of UEs per cell
	60 UEs per macro cell geographical area

	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

	Total BS Tx power (Ptotal per carrier)
	· Macro cell: 46 dBm in a 10MHz carrier

· Small cell: 30 dBm for fixed Tx power

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

	
	Small cell – UE: 5m

	
	Macro – small cell cluster centre: 105m

	
	Macro – UE : 35m

	
	Cluster center – cluster center: 2x Radius for small cell dropping in a cluster

	Traffic model
	Full buffer

	Network synchronization
	Synchronized

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	RSRP, with CRE=9dB.
With HO margin as 1dB

	Link adaptation
	Non-ideal, single cell link adaptation

	Backhaul delay
	0ms, 5ms, 15ms, 50ms

	transmission schemes from a single point
	TM10 SU/MU

	UE receiver
	MMSE-IRC

	Coordination scheme*
	CBF

	Reference scheme for performance comparison*
	TM10 based Single Cell Transmission
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