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1 Introduction
At RAN#50, the study item of MP-HSDPA was initiated for the purpose of evaluating cell coverage improvement potential provided from various multiple point transmission schemes [1]. Following the RAN1#63bis and #64 meetings, a system simulation framework was agreed via email reflector in [2] and refined in [3].

This contribution presents system simulations that evaluate the performance gains from intra and intra+inter Node B implementation of the SF-DC aggregation scheme over different UE handover scenarios.
2 Discussion
2.1 Simulation Configuration
According to the simulation frame work provided in [2] [3], the simulation configuration and parameter settings for the system evaluation in this study are listed in Table 1 of appendix. In addition, 100% penetration rate with MP-HSDPA capable UEs and equal cell load are assumed.
For convenience of reference, terminologies used in the simulation results are clarified as follows:

For UEs at different handover scenarios:

· softer handover UEs: users that falls in the softer handover region, where the pathloss difference to two MP serving cells is less than the handover threshold (R1a/R1b) and the two serving cells belong to the same NodeB
· soft handover UEs: users that falls in the soft handover region, where the pathloss difference to two MP serving cells is less than the handover threshold (R1a/R1b) and the two serving cells belong to different NodeBs
· all cell edge UEs: users at cell edge as identified being in any handover state. This is joint set of the softer and soft handover UEs. 
For SF-DC aggregation schemes operating with various deployment scenarios:

· Intra Node B aggregation: the multipoint transmission with SF-DC aggregation operates only across cells in the same Node B. Basically this scheme only applies to softer handover UEs
· Intra+inter Node B aggregation: the multipoint transmission with SF-DC aggregation operates across cells either in the same Node B or different Node Bs. This scheme may apply to either softer or soft handover UEs.
Assuming that the handover threshold is set to R1a/R1b=6dB, it is observed from the simulation statistics of uniformly distributed UEs that soft handover UEs take about 38% of all UEs, 4 time as many as softer handover UEs that takes about 9% population.   

The performance and relative performance for the UE categories defined above are evaluated individually in the following section. 

2.2 Simulation Results
CDF curves of burst throughput for softer handover UEs are plotted in Figure 1to Figure 3, respectively for lightly loaded cell conditions (1 UE/cell),  medium loaded cell conditions (8 UEs/cell), and heavily loaded cell conditions (32 UEs/cell).  A baseline performance without any MP transmission is included for reference purpose.  For fair comparison, the baseline performance is calculated accounting for the fact that HS-PDSCH in neighboring cells is naturally DTXed if no data is requested in that cell due to the nature of bursty data traffic, which in turn would lead to reduced inter-cell interference to some extent.  

In intra Node B aggregation scheme, the multiflow aggregation is applied to softer handover UEs only. While MP transmission is applied to all handover users for intra+inter-Node B aggregation scheme, only the performance of softer handover UE is singled out for reporting.  As additional results for softer handover UEs, Figure 4 shows the average burst throughput versus number of UEs per cell and Figure 5 shows corresponding performance gain in percentage.
From Figure 1 to Figure 5, noticeable performance gain is observed under both intra and intra+inter NB operations. In addition, slightly better throughput is seen for intr+inter Node B aggregation at heavier load cases, which may be owing to that some UEs that belongs to both softer or soft handover categories may get better served with intra+inter NB aggregation.
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Figure 1, CDF for softer handover UEs with 1 UE/Cell
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Figure 2, CDF for softer handover UEs with 8 UEs/Cell
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Figure 3, CDF for softer handover UEs with 32 UEs/Cell
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Figure 4, Burst Rate for softer handover UEs
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Figure 5, Burst Rate gain for softer handover UEs
For soft hander UEs, same set of simulation results are presented in Figure 6 to Figure 9, where similar performance benefits are observed for intra-inter Node B aggregation.  But almost no gain is shown for intra NB aggregation, though at heavier load conditions, a very slight improvement is noticed. This may be contributed by throughput improvement of softer handover UEs, which in turn leads to more scheduling resources for other users.
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Figure 6, CDF for soft handover UEs with 1 UE/Cell
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Figure 7, CDF for soft handover UEs with 32 UEs/Cell

 [image: image8.emf]0 5 10 15 20 25 30

0

2

4

6

8

10

12

UEs/cell

BR (Mbps)

For soft handover UEs

 

 

baseline

intra NB SF-DC aggregation.

intra+inter NB SF-DC aggregation


Figure 8, Burst rate for soft handover UEs
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Figure 9, Burst rate gain for soft handover UEs
Figure 10 to Figure 13 show performance evaluation results averaged for all the cell edge UEs. From the figures, we observed much larger aggregation gain from intra+inter Node B aggregation than from intra Node B only aggregation. This is simply due to the fact that softer handover UEs has much smaller population than the soft handover UEs, thus only very small portion of the UEs can enjoy the benefit of multipoint transmission from intra NB only deployment. 
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Figure 10, CDF for all cell-edge UEs with 1 UE/Cell
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Figure 11, CDF for cell-edge UEs with 32 UEs/Cell
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Figure 12, Burst rate for all cell-edge UEs
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Figure 13, Burst rate gain for all cell-edge UEs

In Figure 14 to Figure 17, the overall system throughput is shown for all UEs. It is seen that overall system performance is also improved from the multiple point transmission as results of improvement from either softer or soft handover UEs, particularly for intra-inter NB deployment scenario. 
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Figure 14, CDF for all UEs with 1 UE/Cell
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Figure 15, CDF for all UEs with 32 UE/Cell
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Figure 16, Burst rate for all UEs due to SF-DC aggregation
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Figure 17, Gain for all UEs due to SF-DC aggregation

3 Conclusion

System simulation results are presented which aim to evaluate the performance gains from intra and inter+intra Node B aggregation schemes for SF-DC multipoint transmission.  Though both schemes present similar level of aggregation gain when compared to the baseline, the later shows larger overall performance impact simply due to the fact that there is a larger percentage of soft handover users than there is of softer handover users among all UEs.     
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5 Appendix 
5.1 Simulation assumptions
Table 1: System Simulation Assumptions for MP-HSDPA
	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 kilometres

	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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                                                                      = 70 degrees,

                                                                 Am = 20 dB

	Number of UEs/cell
	1, 2, 4, 8, 16, 32

UEs dropped uniformly across the system

	Channel Model
	PA3

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) = 6 dB,
R1b (reporting range constant) = 6 dB

	HS-DSCH 
	HS-PDSCH HARQ: chase combining. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	HS-DPCCH 
	Ideal CQI

	Number of H-ARQ processes
	6

	Active set size
	2

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
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Inter-arrival time: Exponential, Mean = 5 seconds

	OCNS
	 OCNS=0 

	Candidate Schemes
	SF-DC Aggregation

	DL Scheduling
	For both Intra_Node B and Inter_Node B aggregation,  independent scheduler  with αi,k  =1 is used for both primary and secondary serving cells
For Inter_Node B aggregation, independent schedules are used on each cell
Absolute priority for Class A UEs. 

	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  type3i receiver
Percentage of MP-HSDPA capable UEs: 100%

	UE distribution
	UEs uniformly distributed within the system with equal load

	UE receiver
	Type3i with ideal channel estimation

	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

	Implementation loss
	flat 1dB implementation loss  is assumed


� EMBED Equation.3 ���
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