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Introduction
In [1], a basic framework to evaluate the system level performance of various Multi-Point HSDPA schemes was agreed upon and in RAN1 #64 vast set of MP-HSDPA results were presented. In this contribution, MP-HSDPA studies are deepened through evaluating the impact of Channel Quality Indicator (CQI) reporting intervals and errors with SF-DC Intra-NB aggregation. In this contribution 100% of the UEs are SF-DC capable and uniform loading scenario in Macro deployment (3 sectors per Node-B) is assumed.
System Simulation Assumptions
This study has been performed using a quasi-static time driven system simulator which simulates HSDPA with a slot resolution. These studies have been conducted in three tier macro cellular scenario with wrap-around. The scenario is presented in Figure 1 and actual simulation area consists of 19 base stations which results into 57 hexagonal cells. Statistics are collected from all cells. UEs are distributed uniformly around the simulation area which can result into some cells being more loaded than others. The MP-HSDPA scheduling is considered to be independent even in the intra-NodeB case but serving HS-DSCH cell UEs are always prioritized over MP UEs. BLER target of 10% after 1st HARQ transmission is assumed so that the residual BLER remains on very low level. The rest of the basic simulation assumptions, which are used for the performance evaluation are described in the Appendix at the end of this document.
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Figure 1 Simulation scenario
Simulation Results 

Simulation results are presented in this section. Legends in the figures refer to different cases so that 

· “Mflow Off” equals to normal HSDPA operation with data transmission only from serving HS- DSCH cell
· “Mflow On” equals to case where UEs in softer HO can utilize HS-DSCH transmission from multiple cells (depending on scheduling decisions)

· “CQI x TTIs” equals to the CQI reporting interval in TTIs

· “ CQI Error x dBs” equals to variance of CQI error. Error is modeled through zero mean Gaussian distribution.
The performance is evaluated through mean user throughputs for both all and softer HO UEs. In addition the user throughput CDFs are show in the Appendix at the end of this document.
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Figure 2 Mean user throughput, CQI intervals, All UEs, PEDA3, ISD 1000m
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Figure 3 Mean user throughput, CQI intervals, Softer HO UEs, PEDA3, ISD 1000m


Figure 2 and Figure 3 illustrate the mean user throughputs for all UEs and separately for softer HO UEs, respectively when CQI reporting interval is varied between 1 and 10 TTIs. As it can be seen from the figures, expectedly more infrequent the CQI reporting is the lower is the absolute performance with both MP-HSDPA and normal HSDPA operation. However, at the same time it can be seen that with the simulated assumptions the relative difference between MP-HSDPA and normal HSDPA operation is not noticeably affected by CQI reporting interval.
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Figure 4 Mean user throughput, CQI errors, All UEs, PEDA3, ISD 1000m
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Figure 5 Mean user throughput, CQI errors, Softer HO UEs, PEDA3, ISD 1000m


Figure 4 and Figure 5 illustrate the mean user throughputs for all UEs and separately for softer HO UEs, respectively, when CQI reporting error is varied between 0 and 3 dBs. Similarly to the CQI reporting intervals the reporting errors lower the absolute performance but the relative difference between MP-HSDPA and HSDPA remains on similar level. This at least holds with the assumed simple scheduling algorithm.
Conclusion

In this contribution the impact of different CQI reporting intervals and errors were considered. The results show that with independent intra-NodeB MP scheduling the performance gain is not affected by these imperfections / intervals. However, with more advanced scheduler algorithms the CQI imperfections might have more impact on the performance.
Appendix A: Simulation Assumptions

Table 1 System Simulation Assumptions for MP-HSDPA

	Parameters
	Comments

	Cell Layout
	(1) 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
	[image: image19.wmf]dB

3

q

[image: image20.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

                                                                  

                                                                      = 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 including C-PICH
	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 
	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

	CQI
	3 slot CQI delay

CQI estimation variants:

· ideal;
· Added Gaussian noise with mean of 0 dB and variance of 2 and 3 dB to model error in CQI estimation.
CQI Decoding at Node-B is ideal.

	Number of H-ARQ processes
	6

	Maximum active set size
	3

	Traffic
	Bursty Traffic Source Model

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

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

	DL Scheduling
	· A single independent scheduler is assumed.

· For each cell, two classes of UEs are defined during scheduling,

· Class A: UEs that have this cell as serving (via strongest link).

· Class B: UEs that do NOT have this cell as serving (via weaker link).

· Class A UEs have the highest priority.

	Number of MAC-ehs entities
	· There is only one MAC-ehs entity at the UE. 

	RLC layer modeling
	Ideal

	Iub Flow control modeling
	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% 

	UE distribution 
	UEs uniformly distributed within the system 


Appendix B: Additional Simulation Results
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Figure 6 User throughput CDFs, 1 UE/cell, CQI intervals, All UEs, PEDA3, ISD 1000m
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Figure 7 User throughput CDFs, 1 UE/cell, CQI intervals, Softer HO UEs, PEDA3, ISD 1000m
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Figure 8 User throughput CDFs, 1 UE/cell, CQI errors, All UEs, PEDA3, ISD 1000m
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Figure 9 User throughput CDFs, 1 UE/cell, CQI errors, Softer HO UEs, PEDA3, ISD 1000m
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Figure 10 User throughput CDFs, 8 UEs/cell, CQI intervals, All UEs, PEDA3, ISD 1000m
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Figure 11 User throughput CDFs, 8 UEs/cell, CQI intervals, Softer HO UEs, PEDA3, ISD 1000m
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Figure 12 User throughput CDFs, 8 UEs/cell, CQI errors, All UEs, PEDA3, ISD 1000m
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Figure 13 User throughput CDFs, 8 UEs/cell, CQI errors, Softer HO UEs, PEDA3, ISD 1000m
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Figure 14 User throughput CDFs, 32 UEs/cell, CQI intervals, All UEs, PEDA3, ISD 1000m
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Figure 15 User throughput CDFs, 32 UEs/cell, CQI intervals, Softer HO UEs, PEDA3, ISD 1000m
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Figure 16 User throughput CDFs, 32 UEs/cell, CQI errors, All UEs, PEDA3, ISD 1000m
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Figure 17 User throughput CDFs, 32 UEs/cell, CQI errors, Softer HO UEs, PEDA3, ISD 1000m
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