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HSDPA Closed Loop Transmit Diversity performance for different schedulers when HS-SCCH and Associated DCH are explicitly modeled

1.0 Introduction/Conclusion

HSDPA system performance with and without closed-loop transmit diversity (TxAA mode 2 with 4% feedback errors and 1.5 slot feedback delay) is compared when the associated downlink DPCH and HS-SCCH are explicitly modelled for Maximum C/I and Equal Average Power schedulers. A rake receiver was assumed.  At low to moderate speeds TxAA was shown to have significant benefit for all throughput statistics for multi-path channel models given a maximum C/I scheduler or Equal Average Power scheduler. There is a small increase in HS-SCCH error rate and overhead power from using the more fair Equal Average Power scheduler relative to the maximum C/I scheduler when there is multi-user diversity benefit obtainable as occurs for low speed channels with little multi-path.  For multi-path channels (like Ped B and Veh A) there was no significant increase in HS-SCCH error rate or overhead power from using the more fair Equal Average Power scheduler compare to Maximum C/I.

2.0 HSDPA throughput 

Table 1 below shows HSDPA system throughput statistics with and without closed loop transmit diversity and different schedulers.  The Equal Average Power scheduler is a more fair scheduler than maximum C/I (see Figure 4). Table 2 shows the corresponding power overhead and BER/FER statistics. The simulation methodology is given below and other simulation assumptions are given in Annex B and C.

CCH Simulation Methodology

1. The downlink associated DCH power level (pwrlevel) is updated at 1500Hz

2. Slot format 2  (SF=256) is used.   (2 tpc, 2 pilot, 0 tfci)

3. Outer loop target at the UE was set  to achieve on average ~ 5% TPC BER (see Table 2).

4. HS-SCCH power was set to  ‘scch_sf’  times ‘pwrlevel’ (scch_sf  is given in Table 2)

5. processing gain of HS-SCCH was PGscch = 3840000/(37/(3*0.000667)) = 207.67

6. Total overhead Cost(k) = [ scch_sf *pwrlevel(k) + (4/20)*pwrlevel(k)*TPCoffset(sho,k) ]

(TPCoffset(nsho,k) = {0.0, 3.0, 4.0 dB}, for nsho =1, 2, 3 for number of soft handoff legs for user k)

The HS-SCCH TTI is made up of two parts with 8 information bits in the first part and 29 bits in the second part using rate ½ convolutional encoding.  The associated downlink DPCH used slot format 2. A single power scale factor was used for the first and second parts.

For the dynamic system simulations, Hybrid ARQ with IR was used.  For IR, the TTI was fixed (2ms) and the selected modulation was used for the first transmission and subsequent re-transmissions of a given packet. Retransmissions contain unique parity information up to the mother code (R=1/3).  Modulation and encoding rates assigned were QPSK R=1/8, 1/4, 1/2, 3/4 & 16QAM R=1/2, 5/8, 3/4.  Maximum C/I and Equal Average Power schedulers were used to evaluate system performance for a web browsing traffic model (see Annex B).

The Equal average power scheduler provides on average the same number of transmission attempts per user while taking advantage of the channel CQI and, therefore, provides on average the same amount of transmit power per user.  A single pole IIR filter is used to estimate each user’s average CQI which is subtracted from the current instantaneous CQI to produce a user’s scheduler metric. Then all of the users’ scheduler metrics are sorted in descending order and the power and code resources are allocated starting at the top of the sorted list for the user’s with the best scheduler metric.  Assuming each user has a Rayleigh channel then on average each user would be scheduled the same number of times and would be scheduled during constructive fades.

Note that the control channels do not benefit from IR/Chase HARQ combining as does the HS-DSCH and hence can potentially benefit more from transmit diversity. For multi-path channels there is a reduction in control channel error rate and power overhead from TxAA at low speeds like 3 and 30kph but little improvement at high speeds like 120kph (see Tables 1 and 2). At low speeds like 3 and 30 kph, TxAA provides a system benefit compared to high speeds like 120kph which actually degrade performance because of the 1.5 slot feedback delay.  Table 1 shows TxAA improvement over STTD at 30kph is larger than at 3kph which is due to multi-user diversity benefit being smaller at 30kph than at 3kph.

At a very low speed (like 3kph) the more fair Equal Average Power scheduler resulted in a small increase in HS-SCCH error rate and overhead power but not at higher speeds. This is attributed to multi-user diversity benefit obtainable at low speeds for Pedestrian A channel models which only the (PedA, PedB, VehA) multi-path case will exhibit due to the user’s assigned a PedA channel but not the (PedB, VehA) case. Channel assignments were equi-probable for each multi-path case, i.e. 33.3% for (PedA, PedB, VehA) and 50% for (PedB, VehA).
Table 1  HSDPA System performance w/wo txdiv difference statistics for multi-path (Ped A, B, VehA) channel models and Web Browsing Traffic model. Green means closed-loop transmit diversity (TxAA) improved throughput results or reduced average simultaneous control channels (CCHs) required.

[image: image1.png]Max C/l Scheduler Sector Throughput User Throughput Avg simul.

Cases Service | Avg PktCall| Agq PK(Call| Avg PKtCall| Avg PktCall<32khps | CCHs reqd|
{users, channel model) (%) () %) 0] ) %)
DEOue/sector, D03kph, PedA B Veha [N T T 15 07 3
DE0ue/sector, 030kph, PedA B Veha |S08 24 45 2 40 59
DEOue/sector, 120kph, PedA B Veha |S02 05 10 o7 10 i
D&0ue/sector, 003kph, PedB VehA ] i 6 3 08 [
D50ue/sector, 030kph, PedB VehA 08 k2l 0 k2l 40 2l

Equal Average Power Scheduler Sector Throughput User Throughput Avg simul

Cases Service | Avg PktCall| Agq PK(Call| Avg PKtCall| Avg PktCall<32khps | CCHs reqd|
{users, channel model) (%) () %) () ) %)
DEOue/sector, D03kph, PedA B Vena [N T 3 2 02 B
DE0ue/sector, 030kph, PedA B Veha |S08 3 4 35 38 67
DE0ue/sector, 120kph, PedA B Veha |S0A o7 10 04 22 09
D&0ue/sector, 003kph, PedB VehA 02 4 13 7 03 6
D50ue/sector, 030kph, PedB VehA 05 24 2 % 07 2

050ue/sector, 120kph, PedB VehA




Table 2  Power level and BER/FER statistics w/wo CLTD for multi-path (Ped A, B, VehA) channel models and Web Browsing Traffic model (entries corresponds to same cases as Table 1).
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Table 3. Important Closed-loop transmit diversity (TxAA) Simulation Parameters

	TxAA mode
	Mode 2

	TxAA Feedback (FBI) Error
	4%

	TxAA Feedback (FBI) delay
	1.5 slots

	Channel Estimation
	Ideal

	Weight Update method
	Progressive Refinement 

	Soft Handoff (up to 3-way allowed)
	Weights computed using scheduling cell
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Fig 4. Scheduler fairness is shown for the Maximum C/I, Proportionally Fair, and Equal Average Power scheduler based on the center cell users of a 19 cell sector system given 3kph flat channel and 125 UEs per sector.  Web browsing traffic (modified ETSI model) was used.
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ANNEX A

HS-SCCH  Description and Link Performance

This scheme is illustrated in Fig 1, where the channelization code set (CCS) and modulation level with tail bits are sent in the first slot and the HARQ and CRC with tail is sent over the next two slots.  It may be noted that in this case the CRC (16 bits) is calculated over Part-1 + Part-2 and attached to the Part-2.
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Fig 1. HS-SCCH bit layout
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Fig 2.  HS-SCCH Long term FER versus Eb/Nt (dB) for single path and no tx diversity.
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Fig 3.  HS-SCCH Short term FER vs Eb/No for  3 and 120kph with curve fits for single path.
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Fig 4.  BPSK AWGN curve fit for determining TPC error rate for single path. Note that  0.5dB of implementation margin was used for speeds of 30kph, and 1.0dB for speeds of 120kph to account for channel estimation error.

ANNEX B

Traffic and Channel models for System Simulation

Table B1 below shows the data-traffic model parameters for the modified ETSI model [3,4]. 

Table B1 Data-traffic model parameters for modified ETSI model

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

 (open- loop)
	Deterministic
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)


The Fractional Recovered Power (FRP) for ITU models given raised cosine filtering for a WCDMA channel are given in Table B2. FURP shall contribute to the interference of the finger demodulator outputs as an independent fader.

Table B2 Fractional Recovered Power and Delay for each multi-path channel model
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ANNEX C

System Simulation Assumptions

The following parameters related to HSDPA features were used:

· MCS selection based on CPICH measurement (RSCP/ISCP)

· MCS update rate: once per 3 slots

· CPICH measurement transmission delay: 3 slots   

· Selected MCS can be applied after 3 slot delay upon receiving measurement report

· Std. dev. of CPICH measurement error: 0

· CPICH measurement rate: once per 3 slots (sampling is 0.67ms, IIR filter sampled once per 3 slots using IIR filter with coefficient of 0.2 (new data weighted by 0.8)) 
· CPICH measurement report error rate: 0 %

· Frame length for fast HARQ: TTI length = 2.00ms

· Fast HARQ feedback error rate: 0%

· Channel Model: multi-path models (PedA, PedB, VehA) described in Annex B. 

· Maximum C/I scheduler (see [3]) .

· Modified ETSI Call model (see [3]) .

· Throughput measurements are for center cell.

· Packet inter-arrival time was 6ms.

· The modulation & encoding rates assigned were QPSK R=1/8, 1/4, ½, ¾, and 16QAM R=1/2, 5/8 , ¾.

· Note: Up to 3-way soft handoff was allowed in the simulations which resulted in more overhead in terms of power and channelization  (OVSF) codes for the associated DCH.

Basic system level parameters:

The basic system level simulation parameters are listed in Table C1 [3] below.

Table C1. Basic system level simulation assumptions.

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	19 sites

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [3]
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometres

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Control channels are explicitly simulated in which case up to 80% of total power is possible.
	

	Slow fading
	Similar to UMTS 30.03, B 1.4.1.4 
	

	Std. deviation of slow fading
	8.0 dB 
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m   
	See D,4 in UMTS 30.03.

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	15
	Retransmissions by fast HARQ


	Fast HARQ scheme
	IR combining
	Dual stop-and-wait

	BS total Tx power
	42.3 dBm
	

	Active set size
	Up to 3
	Maximum size

	Specify Fast Fading model
	Jakes spectrum
	Generated by Filter approach 

	UE receiver type
	Rake
	 Up to 15 fingers available
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