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1
Introduction
Performance requirements for HSDPA UE were discussed in RAN WG#4, and the requirements for RAKE receiver are specified in TS25.101 V5.8.0 [1]. As the next step, the discussions on the performance requirements for advanced receiver are starting [2], and many kinds of receivers, such as chip-level equalizer, G-RAKE and MPIC, are considered as a candidate for the advanced receiver. However, it will take a lot of time to specify the performance requirements for the advanced receiver, because each advanced receiver has its own characteristic and it is difficult to define a reference structure of the advanced receiver. On the other hand, the throughput enhancement due to the advanced receiver is very attractive for not only system capacity but also peak data rate, and its performance requirement is very important to accelerate the rapid spread of the advanced receiver, i.e. there is a strong demand to specify its performance requirements as soon as possible.
“Receive diversity” can be one solution to the above advanced receiver issues due to its characteristics, which are listed as follows:

(1) It can significantly enhance both system capacity (cell throughput) and peak data rate (user throughput) in the HSDPA system. 

(2) Its algorithm is simple and its performance is stable, which means that we can specify its requirements easily and quickly. 
The objective of this paper is to present the link-level and system-level simulation results to clarify the receive diversity gain in the HSDPA system, and to propose specifying the performance requirements only for the receive diversity in advance of those for the advanced receiver. 
2 Approach
Two methodologies are used to evaluate the receive diversity performance in the HSDPA system. One is that the link-level throughput is convolved with the probability density function (P.D.F.) of the own-cell to other-cell power ratio (
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). The convolved link-level throughput is equivalent to the cell throughput with Round Robin scheduler. The link-level simulations completely model the physical layer and the Medium Access Control (MAC)-hs layer, and the P.D.F of 
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 is calculated by the system-level approach presented below. The simulation assumptions in the link-level simulations are summarized in Annex A. The other is a system-level simulation, which is based on a network of 19 wrap-around tri-sectored cells and utilizes the so-called quasi-static approach [3], where fast and slow fading conditions are included and time is evolved at the slot level (0.67 ms). The proportional fairness (PF) scheduling algorithm is used, and infinite queue model is used as a traffic model, i.e. data are assumed to be available at every sub-frame. The simulation assumptions in the system-level simulations are listed in Annex B. 
Adaptive Modulation and Coding (AMC) is operated with sixty-five transport formats in order to simulate realistic power and code resource management. The UE capability category of the UEs is assumed to be 5, which means that the maximum number of codes they can receive is 5.
As a combining algorithm of receive diversity, Maximum Ratio Combining (MRC) is used for both the link-level and system-level simulations, where antenna correlation is assumed to be zero.
3 Performance Evaluation on Receive Diversity
3-1. Simulation results in the link-level approach

Figure 1-3 present throughput-
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 curves derived from the link-level simulations for Pedestrian-A, 3 km/h, Pedestrian-B, 3 km/h and Vehicular-A, 30 km/h, respectively. Table 1 summarizes the cell throughputs, which are the convolution of the throughput-
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 curve and the P.D.F. of 
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 in the system-level simulations. The gain of receive diversity is 50 %, 50 % and 60 % for Pedestrian-A, 3 km/h, Pedestrian-B, 3 km/h and Vehicular-A, 30 km/h, respectively. These results indicate that when the HS-DSCH sub-frames are equally allocated to each user, the receive diversity can significantly enhance both the cell and user throughput.
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Figure 1  Link-level Throughput in Pedestrian-A, 3 km/h
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Figure 2 Link-level Throughput in Pedestrian-B, 3 km/h
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Figure 3 Link-level Throughput in Vehicular-A, 30 km/h
Table 1 Link-level Throughput (by convolving P.D.F. of 
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)
	
	Pedestrian-A,         3 km/h
	Pedestrian-B,       3 km/h
	Vehicular-A,      30 km/h

	w/o Receiver Diversity
	1.1 Mbps
	0.86 Mbps
	0.67 Mbps

	with Receive Diversity (MRC)
	1.7 Mbps (50 % gain)
	1.3 Mbps (50 % gain)
	1.1 Mbps (60 % gain)


3-2. Simulation results in the system-level approach

Figure 4 shows the cell throughput in the system-level simulations with PF scheduler for Pedestrian-A, 3 km/h and Vehicular-A, 3 km/h. The cell throughput increase due to receive diversity for 40 users is given in Table 2. The receive diversity gain is very significant both in single-ray channel (Pedestrian-A, 3 km/h) and in multi-path channel (Vehicular-A, 3 km/h). Furthermore, Table 3 indicates the receive diversity gain in the user throughput, which is derived from averaging the user data rate for each number of users. The results show that the receive diversity can significantly increase both the cell and user throughput in the PF scheduler. 
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Figure 4 Cell Throughput with PF scheduler

Table 2 Cell Throughput Increase due to Receive Diversity for 40 users
	Receiver Type
	Pedestrian-A, 3 km/h
	Vehicular-A, 3 km/h

	
	Throughput
	Increase
	Throughput
	Increase

	w/o receive diversity
	2.6 Mbps
	-
	1.7 Mbps
	-

	with receive diversity
	2.9 Mbps
	11 %
	2.2 Mbps
	32 %


Table 3 Receive Diversity Gain in User Throughput
	
	Channel Model

	
	Pedestrian-A,        3 km/h
	Vehicular-A,       3 km/h

	Receive Diversity Gain
	20 %
	40 %


4. The way forward

A New Work Item should be proposed in RAN4 and RAN to specify performance requirements of receive diversity for HSDPA UE. In the WI, followings should be taken into account;

· This work item should be for HSDPA UE, not for Release 99 and 4 UEs. The receive diversity technique is, of course, useful for Release 99 and 4 systems to improve system capacity. In the HSDPA system, this technique is useful not only for system capacity but also for user throughput. This means the receive diversity technique in the HSDPA system is more attractive from service provider point of view. If Release 99 and 4 UEs are taken into account, it takes long time to complete the WI since there are so many measurement channels in R99. Performance requirements of the receive diversity for Release 99 and 4 UEs should be included in a separate WI if needed.
· The receive diversity technique should be optional for the HSDPA UEs.

· Other advanced receiver techniques than the receive diversity should not be involved in this WI, as mentioned above. Moreover, this work item should be separate from the MIMO WI. 
· This work item should be included in Release 6.
· The reference algorithm for the WI should be the Maximum Ratio Combining (MRC). Several algorithms can be assumed as the receive diversity technique, however, MRC is well known and one of the best algorithms from performance point of view.
· The reference point of the performance requirements should be studied in the WI. The antenna correlation is one of the key parameters in the receive diversity technique. However, it seems to be difficult to measure the performance at a reference point other than antenna connector.

· Except for the antenna correlation issue, the methodologies of the existing tests for the HSDPA UEs, such as Fixed Reference Channel (FRC) tests, CQI tests and HS-SCCH Detection tests, should be applicable to the receive diversity UE, because they are independent of receiver architecture.
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Figure 5 Receive Diversity Architecture

5. Conclusions

We present the performance evaluation on receive diversity with the link-level and system-level simulations and propose the way forward. The performance evaluation results show that received diversity can improve both the capacity and peak data rate. Based on the above receive diversity gain and its simple structure, it is concluded that receive diversity is a good candidate for the initial advanced receiver approach. Therefore, we propose specifying receive diversity performance requirements in advance of those for advance receiver.
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Annex A. Simulation assumptions in the link-level simulations
	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH Ec/Ior
	-3 dB

	HS-DSCH Transport Format
	Optimized transport format related table (65 transport formats)

	HSDPA control channels present
	HS-SCCH set size is 1

	HS-SCCH Ec/Ior
	-10 dB

	HS-SCCH error
	Off (HS-SCCH error does not influence HS-DSCH throughput.)

	CPICH Ec/Ior
	-10 dB

	Channel estimation
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multipath component) are estimated by the receiver.

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Number of samples per chip (
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) for channel synthesis
	P= 4 – i.e. 4 samples per chip at input to receiver

	Propagation channel types
	ITU PA3, PB3, VA30

	Channel ray mapping
	Nearest 
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-spaced delay (
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 is chip rate) – P specified above.

	Number of bits in A/D converter
	Floating point

	IR coding
	As specified by RAN-WG1 

	RV sequence
	Incremental redundancy

	Max number of transmissions per H-ARQ process
	4

	Number HS-DSCH transport channels
	1

	Turbo decoding
	Max-Log-Map - 8 iterations
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	-60 dBm

	P-CCPCH
	Random symbols transmitted – ignored by receiver, Ec/Ior = -12 dB

	PICH
	Random symbols transmitted – ignored by receiver

	ACK/NACK feedback error rate
	0 %

	UE measurement report error rate
	0 %

	Primary Scrambling code
	S_dl, 0 as per 25.213v5.0.0

	Synch channel
	ON, the SCH allocated power is split equally between Primary SCH (P-SCH) and Secondary SCH (S-SCH).  Ec/Ior = -12 dB

	Secondary SCH pattern
	1, 1, 2, 8, 9, 10, 15, 8, 10, 16, 2, 7, 15, 7, 16 (Scrambling code group 0)

	Rx Diversity
	On (Maximum Ratio Combining)

	Tx Diversity
	Off


Annex B. Simulation assumptions in the system-level simulations
	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 3 sectors/cell (19 cells, wrap around)

	Log-normal shadowing
	Std. Deviation : 6.5 dB, correlation between sites : 0.5

	Path loss
	L = 137.4 + 34.4 log10( dkm)

	Cell radius
	1000 m

	BS Tx power
	20 W

	Tx antenna gain
	21 dBi

	Tx antenna beam width
	60 deg

	Tx antenna tilting
	0 deg

	MS Speed 
	3 km/h

	Channel model 
	Pedstrian A, Vehicular A

	CPICH Ec/Ior
	-10 dB

	Other common channels Ec/Ior
	-12 dB

	HS-SCCH Ec/Ior
	-10 dB per number of MUX users (Fixed)

	Scheduling algorithm
	Proportional Fairness
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