3GPP TSG RAN WG1 Meeting #57

R1-091688
San Francisco, USA
4th – 8th May, 2009
Agenda Item:

15.2
Source: 

NEC Group

Title: 
Potential gain of DL CoMP with joint transmission
Document for:  
Discussion/Decision
1 Introduction
Coordinated multi-point transmission and reception (CoMP) is one of the key techniques for LTE-Advanced. In RAN1#56bis meeting, the following CoMP categories have been agreed as [1]
· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time 

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.
In this contribution, we evaluate the potential gain of CoMP using joint transmission in the LTE-Advanced SIMO downlink using backhaul without delay. In our evaluation, we assume Semi-static UE-specific CoMP cooperating set [4]. CoMP transmission points are selected in the CoMP cooperating set to simultaneously transmit same data to the CoMP UE. The potential CoMP gain on cell-edge user throughput is highly dependent on the selection of CoMP cooperating set. The average sector throughput is in a tradeoff relationship with cell-edge user throughput. Therefore, we also investigate the impact of CoMP cooperating set decision on CoMP gain in terms of cell-edge user throughput and average sector throughput.
2 Semi-static UE-specific CoMP cooperating points
For joint transmission, the CoMP gain comes from the SINR improvement by using coherent or non-coherent combining. The CoMP gain may be limited when CoMP cooperating set is not large enough to include the potential strong received signal for JP. Among the selected CoMP cooperating set, CoMP transmission points are selected for joint transmission. The same RB in each CoMP transmission point is allocated to CoMP UE for coherent or non-coherent combining. 
According to our analysis in [4], we use Semi-static UE-specific CoMP cooperating set according to the UE measured wideband CQI or reference signal received power (RSRP) [2]. For example, the UE-specific CoMP cooperating set is selected as follows:

· The wideband CQI for the uth UE is ranked in a descending order as 
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· The serving cell is chosen as the cell with the highest wideband CQI, i.e., 
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· The cell is selected in the uth UE’s CoMP cooperating set when 
[image: image3.wmf]Thr

CQI

CQI

u

i

u

-

£

0

,

,

, where Thr is  the predefined relative threshold. In the following, we name Thr as the threshold for UE-specific CoMP cooperating set decision.
· In addition, the number of cells in the UE-specific CoMP cooperating set is no larger than the pre-defined maximum number, which is called as maximum size of CoMP cooperating set

Therefore, there are two key parameters for UE-specific CoMP cooperating set as:
· Threshold for UE-specific CoMP cooperating set decision
· Maximum size of UE-specific CoMP cooperating set 
In the following simulation, we evaluate the impact of the above key parameters on the CoMP gain of cell-edge user throughput as well as average sector throughput.

3 System Level Simulation Results  

Table 1 shows the major simulation parameters following the agreed simulation assumption [3]. We assume that 57 cells are connected by the backhaul without delay o to investigate the potential gain of CoMP. The UE-specific CoMP cooperating set is selected by using the method in Sect. 2. The UE with more than one cell in the CoMP cooperating set is regarded as a CoMP UE. In our preliminary evaluation, all the cells in UE-specific CoMP cooperating set are CoMP transmission points. In this section, we firstly find a reasonable maximum size of UE-specific CoMP cooperating set. Next, we evaluate the impact of the Threshold for UE-specific CoMP cooperating set decision on cell-edge user throughput as well as average sector throughput. 
As for scheduling, joint scheduling for CoMP cooperating set is carried out based on proportional fairness (PF). For a CoMP UE, same RBs are allocated from different CoMP transmission points. The PF metric for CoMP UE can be calculated in the following two ways:

· PF: PF metric of CoMP UEs in the same as UEs without CoMP.
· Normalized PF: PF metric of CoMP UEs normalized by the number of CoMP transmission points considering that same RBs are allocated at each cell of CoMP cooperating set.
Besides the Threshold for UE-specific CoMP cooperating set decision, we also investigate the impact of different PF metric on the cell-edge user throughput and average sector throughput.

Table 1 – Simulation parameters
	Cell Layout
	Hexagonal grid, 19 cell sites, 3 cells/site

	Traffic model
	Full buffer

	Bandwidth(BW)@Carrier freq.
	10MHz @ 2GHz

	RB number (RB size)
	50 (180 kHz/RB)

	Inter-site distance
	Case 1:500m

	Transmit antenna pattern at Node B

(antenna gain)
	3D-antenna, with 70-degree sectored beam (14dBi) downtilt = 15degree, Am=25 dB

	Antenna bore-sight orientation
	[image: image4.emf]

	Backhaul
	No delay

	Distance-dependent path loss
	128.1+37.6log10(r) dB, r in km

	Shadowing standard deviation
	8dB

	Shadowing correlation
	0.5 (inter-site)/1.0(intra-site)

	Penetration loss
	20 dB

	Node B Tx power
	46 dBm

	HARQ
	IR with 8 processes

	Control delay (scheduling AMC)
	4 msec

	Number of UEs in one cell
	10 UEs, uniformly distributed

	Fading channel
	6-ray Typical Urban

	Number of antennas
	1-by-2

	Vehicle speed
	3.0 km/h

	Scheduling resolution
	RB group (RBG) = 3RBs

	Scheduling algorithm
	Proportional fairness

	Joint transmission scheme for CoMP
	Zero-forcing precoding


3.1 Maximum number of CoMP cooperating set
At first, we assume Maximum size of UE-specific CoMP cooperating set equal to 10. Figure 1 gives the probability distribution function (PDF) of the cell number of CoMP cooperating set with different threshold (Thr) for UE-specific CoMP cooperating set decision. As shown in Fig. 1, when Thr=3dB, only 2% UEs have 3 cells in the CoMP cooperating set and no UE has more than 3 cells. When Thr=7dB, there are 7% UEs with 3 cells in the CoMP cooperating set and only 1.2% UEs have more than 4 cells in the CoMP cooperating set. Therefore, the maximum size of UE-specific CoMP cooperating set is no larger than 3. In the following simulation, we assume Maximum size of CoMP cooperating set equal to 2 or 3 points to evaluate the CoMP gain in terms of cell-edge user throughput and average sector throughput. 
Figure 2 shows the CoMP UE percentage as a function of Thr. When Thr=0dB, only serving cell is selected as the transmission point. Therefore, the percentage of CoMP UEs the number of CoMP cooperating set is always equal to 1 and there is no CoMP UE. As Thr increases, there are more UEs selected as CoMP UEs. As shown in Fig. 2, there are about 13% (28%) CoMP UEs when Thr=3dB (7dB). 
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Fig. 1 PDF of cell number of UE-specific CoMP cooperating set
[image: image6.emf]0

0.1

0.2

0.3

0.4

0 1 2 3 4 5 6 7

Threshold (dB)

CoMP UE percentage


Fig. 2 Percentage of CoMP UEs 

3.2 CoMP gain

Figure 3 gives the average sector throughput and cell-edge user throughput as a function of Threshold for UE-specific CoMP cooperating set decision when maximum size of CoMP cooperating set equal to 2 or 3 points.
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Fig. 3 Average sector throughput and cell-edge user throughput as a function of Threshold for UE-specific CoMP cooperating set decision (3D-antenna)

Table 2 Comparison of average sector throughput and cell-edge user throughput (3D-anenna)
	
	Average sector throughput

(bps/Hz/cell)
	Cell-edge user throughput

(bps/Hz/user)

	No CoMP
	1.70 (x1.0)
	0.079 (x1.0)

	CoMP with PF, 
Thr=7dB, Max 2 cells
	1.59 (x0.94)
	0.093 (x1.18)

	CoMP with norm PF, Thr=3dB, Max 2 cells
	1.70 (x1.00)
	0.087 (x1.10)


Comparing Maximum size of UE-specific CoMP cooperating set, the cell-edge user throughput and average sector throughput of Max 2 cells are similar to those of Max 3 cells. This is because most UEs use no larger than 2 CoMP transmission points. Even when Thr=7dB, only 7% UEs has 3 CoMP transmission points. From Fig. 3, we can see that at Thr=7dB, the cell-edge user throughput of Max 2 cells is slightly larger than that of Max 3 cells when PF is not normalized. This is because that the UE with 3 CoMP transmission points has less opportunity to be allocated the same RBs from all the CoMP transmission points than that of 2 CoMP transmission points  Therefore, in the following analysis, Maximum size of UE-specific CoMP cooperating set equal to 2 is enough to achieve CoMP gain for 3GPP case 1 with 3D-antenna.
Table 2 summarizes the gain on CoMP gain when highest cell-edge user throughput in Fig. 3 is achieved by using PF and normalized PF, respectively. When PF metric is not normalized, the cell-edge user throughput gain increases as Thr increases. This is because larger percentage of UE can make use of CoMP diversity gain to improve the received SINR. As shown in Table 2, when Thr=7dB, the cell-edge user throughput gain is as much as 18%. However, the average sector throughput slightly degrades since the RBs allocated to CoMP UEs in each CoMP transmission point result in less remained RBs for the other UEs. 
When normalized PF metric is used, the cell-edge user throughput increases until Thr increases to 3dB but degrades when Thr becomes larger than 3dB. When Thr>3dB, the CoMP UE cannot achieve large enough CoMP gain but its normalized PF metric is reduced. In our evaluation, all the cells in UE-specific CoMP cooperating set are selected as CoMP transmission points. More adaptive selection of CoMP transmission points may be required to avoid the degradation of cell-edge user throughput when normalized PF is used for scheduling.
4 Conclusion  

In this contribution, we evaluate the potential gain of CoMP using joint transmission in the LTE-Advanced downlink with single antenna at each eNB. The Semi-static UE-specific CoMP cooperating set is decided based on UE measured wideband CQI. For sake of simplicity, all the cells in UE-specific CoMP cooperating set are selected as CoMP transmission points. According to our evaluation, maximum 2 cells in CoMP cooperating set is enough to achieve CoMP gain in terms of cell-edge user throughput and average sector throughput for 3GPP Case 1 with 3D-antenna. The potential CoMP gain on cell-edge user throughput is as much as 18% at the price of 6% degradation of average sector throughput. More adaptive selection of CoMP transmission points may be required to avoid the degradation of average sector throughput.
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