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1 Introduction

A downlink multipoint transmissions study item with the aim of improving the cell edge user experience was started in RAN#50 [1]. A system simulation framework was agreed in [2] and [3] and at RAN1#64 and RAN1#65 several companies provided results MP-HSDPA performance. In this contribution we evaluate the performance gains that can be offered by inter + intra Node B aggregation for SF-DC HSDPA for burst traffic. 

2 Overview of SF-DC Inter Node B Aggregation
In Inter Node B SF-DC aggregation the aggregation occurs across two cells potentially belonging to different NodeBs as shown in Figure 1. In this scheme, transmissions to a single UE occur simultaneously from these two cells on the same frequency. Similar to the intra NodeB aggregation for SF-DC, the gains associated with this scheme can be thought of as spatial resource pooling and is useful for increasing the downlink performance for UEs in soft handover.  
In Inter NodeB SF-DC-HSDPA aggregation, the schedulers cannot interact with each other and they consequently act as two independent entities.  One difference between Intra SF-DC and Inter SF-DC aggregation is that the feedback channel HS-DPCCH needs to be received at both Node-Bs. Another key difference is that the data split needs to take place at the RNC instead on the MAC layer.

[image: image1]
Figure 1: Inter-NodeB SF-DC aggregation 
3 Simulation Model
In our simulations, we assume uniform traffic distribution and 100% penetration of MP-HSDPA capable UEs. Inter and/or Intra Node B SF-DC operation is triggered when the UE enters soft and/or softer handover respectively. The performance of Inter + Intra Node B aggregation for SF-DC is compared with the baseline case that consists of single carrier HSDPA operation. In both cases it is assumed that UEs rely on a Type3i receiver for reception. The tables below lists the parameters used in the system simulations.

The simulations were run for 25 seeds with simulation time of 20,000 TTI per each seed. The warm up time is equal to 2000 TTI for each seed. For scheduling the UEs at NodeB, a round robin scheduler is assumed. Due to round robin scheduling of users, no prioritization of UEs having a cell as their serving HS-DSCH cell is performed. 
Table 1: System level parameters. 

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                                                        Am = 20 dB                                                              


	Number of UEs/cell
	1, 2, 4, 8, 16
UEs dropped uniformly across the system

	Channel Model
	PA3, VA3

Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 3 dB,
R1b (reporting range constant) = 5 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

HS-PDSCH HARQ: Both Chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	Ideal

	Number of H-ARQ processes
	6

	Maximum active set size
	3

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
[image: image2.wmf]0

.

0

   

736

.

11

=

=

s

m

 , Mean = 0.125 Mbytes Maximum = 1.25 Mbytes

Inter-arrival time: Exponential, Mean = 5 seconds

	OCNS
	 OCNS=0, namely all sectors transmit at full power only when they have data. 

	DL Scheduling
	Round Robin

	Number of MAC-ehs entities
	    One MAC-ehs entity at the UE. 



	RLC layer modeling
	Ideal

	Iub Flow control modeling
	Ideal 

	HS-DPCCH Decoding
	Ideal 

	MP-HSDPA   UE capabilities
	All MP-HSDPA UEs are capable of 15 SF 16 codes and 64QAM for each cell 

Percentage of MP-HSDPA capable UEs : 100%

	Legacy UE capabilities
	 Type  3i 

	UE distribution 
	UEs uniformly distributed within the system 

	Secondary serving cell
	The secondary strongest cell in the UE active set, based on path loss and shadowing, is the secondary serving cell. For Intra-NB schemes, secondary serving HS-DSCH cell is further restricted to be at the same Node B as the primary serving cell


4 Simulation Results and Discussion
In this section, we present the system level simulation results of Inter + Intra Node B aggregation for SF-DC-HSDPA. The objective of these simulations is to quantify the potential gain in average user burst rate for the users as well as the gain experienced by UEs in soft and/or softer handover users in various channel conditions. The user burst rate is defined as the ratio between the number of bits transferred in the burst and the time-duration of the file.  
Please note that in our simulations we set R1a and R1b equal to 3 and 5 dB respectively. This results in about 33% of users in soft and softer handover region. 
4.1.1 Average User Throughput

Figure 2 shows the average burst rate for all the users as a function of the number of users per sector (i.e. the “offered load”) for the PA3 channel. It can be observed that the gains achieved with inter+intra NodeB SF-DC-HSDPA aggregation is modest. Also observe that gains reduce when the number of users per sector (i.e. the offered load) increases. 
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Figure 2: Average user burst rate for all the UEs vs. mean number of users per sector for PA3 channel.
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Figure 3: Average user burst rate for all the UEs vs. mean number of users per sector for VA3 channel.

Figure 3 shows the average user burst rate for all the UEs in Mbps as a function number of users in sector for the VA3 channel. Also in this case similar conclusions as drawn for PA3 channel are valid.
4.1.2 Soft Handover User throughput

Figure 4 and Figure 5 show the user burst rates in Mbps for the UEs in soft and softer handover for the PA3 and VA3 channels respectively. It can be observed that these UEs will experience significant gains in both the cases.
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Figure 4: Average user burst rate for soft handover UEs vs. mean number of users per sector for PA3 channel.
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Figure 5: Average user burst rate for soft handover UEs vs. mean number of users per sector for VA3 channel.

4.1.3 Gains comparison 
Figure 6 and Figure 7 show the gains on Intra+Inter Node B SF-DC-HSDPA compared to the baseline for the PA3 and the VA3 channel.  It can be observed that we can get significant gains up to 38.5% can be obtained by using SF-DC aggregation (Inter+Intra). We can also observe that the gains are reduced as we increase the number of users per sector. This is due to the availability of fewer resources as we increase the number of users. The actual gains are summarized in Tables 2 and 3.
Table 2: Relative gain s of Inter+Intra SF-DC for PA3 channel. Please note that these values corresponding to only softer handover users per sector.

	Load (Mean users per sector)
	Mean burst rate (Mbps)
	%of gain

	
	Baseline
	Inter+Intra SF-DC
	

	1
	5.2
	7.2
	38.5

	2
	5.0
	6.7
	35.5

	4
	4.5
	6.1
	34.9

	8
	3.4
	4.5
	32.4

	16
	1.5
	1.7
	11.4
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Figure 6: Percentage of gains compared to the no SF-DC operation as a function of Number of users per sector for PA3 channel.

Table 3: Relative gain s of Inter+ Intra SF-DC for VA3 channel. Please note that these values corresponding to only softer handover users per sector. 

	Load (Mean users per sector)
	Mean burst rate (Mbps)
	%of gain

	
	Baseline
	Inter+Intra SF-DC
	

	1
	4.7
	5.9
	26.8

	2
	4.4
	5.6
	28.3

	4
	3.8
	4.9
	29.1

	8
	2.7
	3.3
	23.9

	16
	1.1
	1.1
	0
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Figure 7: Percentage of gains compared to the no SF-DC operation as a function of Number of users per sector for VA3 channel.

5 Conclusions
In this contribution, the system performance of Inter+Intra NodeB SF-DC-HSDPA aggregation is presented. It has been observed that using Inter+Intra SF-DC aggregation significant gains can be achieved for soft and softer handover UEs. Also the gains are reduced as the offered load increases. This is because the probability of finding an unused resourced in a non-serving reduces with the increase in load. It should finally be noted that this paper did not consider the potential effect of HS-DPCCH miss-detection (the HS-DPCCH needs to be received at both sites) and assumed ideal RLC flow control. Hence the reported gains should be viewed as an upper bound. 
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