3GPP TSG-RAN WG1 #34 meeting                                            Tdoc R1-030979

Seoul, Korea
October 6th – 10th, 2003

Agenda Item:
9.2. Enhanced Uplink DCH
Source: 
InterDigital

Title:
Performance Analysis of HARQ in Soft Handover
Document for:   Discussion
1. Introduction

The reference [1] considers the support of HARQ during soft handover (SHO) as a technique to be considered for enhanced uplink channel (E-DCH) [1]. The reference [2] provides simulation results of HARQ in SHO using Chase combining, with and without macro diversity.  These results show a very significant performance benefit that is potentially achievable with the use of both macro diversity and Chase combining.

The reference [1], [4] identifies several practical issues that must be considered, and allows for alternatives, including physical/MAC ARQ without soft combining [3]. It is therefore possible that, when all factors are considered, a compromise solution may be best.
In this contribution, we have analyzed several alternative concepts for HARQ and/or ARQ in SHO. Their performance comparison is presented via link level simulations. The intention of this contribution is to provide some insight of the performance of the different HARQ/ARQ schemes in SHO so that it can support future trade-off analysis.

2. Performance Comparison
To support HARQ in SHO for E-DCH, the following alternative concepts are considered based on [1]:

i) HARQ/HARQ:  All active set NodeBs (including a primary NodeB and non-primary NodeB(s)) use HARQ with soft combining. This is an ideal soft handover case such as soft combining within each NodeB and macro diversity among all the active set NodeBs.
ii) HARQ/ARQ:  A primary NodeB performs HARQ with soft combining, while non-primary NodeB(s) use physical/MAC ARQ without soft combining. This is a combination of HARQ with soft combining and MAC ARQ without soft combining.
iii) ARQ/ARQ:  All active set NodeBs use physical/MAC HARQ without soft combining, meaning no soft combining within the individual NodeB but performing macro diversity combining between them.

iv) No soft handover: No macro diversity is performed, but each NodeB uses either HARQ with soft combining or physical/MAC ARQ without soft combining.
As the performance metric for the above concepts, we use the average throughput as defined in [2].
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2.1  Simulation Assumptions
The general simulation parameter set is listed in Table 1. 
Table 1. General simulation parameters for HARQ performance in SHO

	Parameter
	Assumption

	Carrier Frequency
	2 GHz

	Chip Rate
	3.84 Mcps

	Numerical precision
	Floating point simulation

	Propagation Channel
	ITU Pedestrian A model, 3km/h (PA3), 
ITU Pedestrian B model, 3km/h (PB3),
ITU Vehicular A model, 30 km/h (VA30)

	Channel ray mapping
	Shifted to nearest multiple of the sampling rate

	Antenna configuration
	2 receive antenna space diversity

	RRC Pulse shaping filter
	Yes

	Oversampling
	2 samples/chip

	Channel Estimation (CE)
	Semi-realistic channel estimation

	Receiver type
	Rake 

	Transmit power control (TPC)
	Off

	Information data rate
	144 kbps, 640 kbps

	FEC
	Turbo coding with basic rate=1/3, 

Decoder : Max-Log MAP,

8 Turbo decoding iterations

	Initial code rate
	0.3     for 144 kbps,

0.666 for 640 kbps 

	Rate matching
	Rel5 rate matching

	Modulation
	QPSK

	SF
	16

	Number of E-DPDCHs
	One code for 144 kpbs, 

two codes for 640 kbps

	E-DCH TTI
	2 msec

	HARQ type
	Chase combining 

	Maximum number of transmissions
	3

	ACK/NACK generation in SHO
	If the decoded blocks from all active set NodeBs are failed, then NACK. Otherwise, ACK.

	ACK/NACK signaling error
	Error free

	Cell configuration
	2 NodeBs and one UE


2.2  Simulation Results and Observations
Throughput versus received Ec/No is investigated for the alternative concepts above listed in SHO, where Ec is the chip energy received at NodeB and No is the effective noise power spectral density measured at NodeB.
Figure 1, 2, and 3 provide throughput results of 144 kbps with respect to Ec/No for each of three different channel conditions. In the figures, the “HARQ” (green curve) and “ARQ” (purple curve) represent no SHO (e.g. no macro diversity combining), using HARQ with soft combining and ARQ without soft combining, respectively. Similarly, Figure 4, 5, and 6 show throughput performance of 640 kbps under different channel conditions, respectively. In Appendix, initial transmission BLER performance is provided for each of the two data rate under each of three different channel conditions. These initial transmission BLER curves provide the information needed to locate the likely operating points for HARQ: e.g. 10~20% initial transmission BLER.
From Figure 1 through 6, we make the following observations in SHO scenarios:

· Under the assumption of error free HARQ related signaling, the “HARQ/HARQ” concept provides the best throughput performance over the other concepts.

· The “HARQ/ARQ” concept is the second best in terms of overall throughput performance.

· The “ARQ/ARQ performance approaches that of the “HARQ/HARQ” and “HARQ/ARQ” as the initial transmission BLER gets lower. For instance, it is observed that even though at 50% initial Tx BLER, there is some visible performance difference between the “HARQ/HARQ” and “ARQ/ARQ”, the throughput gain of the “HARQ/HARQ” over the “ARQ/ARQ” is below 20%.

· In the likely operating points for HARQ, e.g. 10~20 % initial Tx BLER, the throughput performance of the “HARQ/HARQ”, “HARQ/ARQ”, and “ARQ/ARQ” are similar.

· In addition, there is a noticeable performance benefit that is potentially achievable with the use of macro diversity in SHO.

· Finally, while the HARQ/HARQ concept is best, the other solutions may be acceptable if there are practical constraints that make the ideal solution impractical.

i) 144 kbps data rate
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Figure 1. Throughput performance of 144 kbps data rate under Pedestrian A 3km/h
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Figure 2. Throughput performance of 144 kbps data rate under Pedestrian B 3km/h
[image: image6.wmf]144 kbps, VA 30km/h

0.0E+00

2.0E+04

4.0E+04

6.0E+04

8.0E+04

1.0E+05

1.2E+05

1.4E+05

1.6E+05

-26

-24

-22

-20

-18

-16

-14

-12

-10

-8

Ec/No received at NodeB (dB)

Throughput [bps]

HARQ/HARQ

HARQ/ARQ

ARQ/ARQ

HARQ

ARQ

%

10

»

BLER

Tx

Initial

%

50

»

BLER

Tx

Initial


Figure  3. Throughput performance of 144 kbps data rate under Vehicular 30km/h
ii) 640 kbps data rate
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Figure  4. Throughput performance of 640 kbps data rate under Pedestrian A 3km/h
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Figure  5. Throughput performance of 640 kbps data rate under Pedestrian B 3km/h
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Figure  6. Throughput performance of 640 kbps data service under Vehicular 30km/h

3. Conclusions
In this contribution, we have analyzed several alternative concepts for HARQ and/or ARQ in SHO. Their performance comparison is presented via link level simulations. The intention of this contribution is to provide some insight of the performance of the different HARQ/ARQ schemes in SHO so that it can support future trade-off analysis.

The simulation results (where applicable) generally match the results shown in the reference [2]. Small differences can be attributed to the fact that the reference [2] simulated active inner loop power control and our simulations did not. Based on the simulation results presented here, it is observed that under the assumption of error free HARQ related signaling, the “HARQ/HARQ” concept provides the best throughput performance over the other concepts. However, the other solutions may be acceptable if there are practical constraints that make the ideal solution impractical. It is therefore possible that, when all factors are considered, a compromise solution may be best.
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Appendix

Figures 7 through Figure 12 provide initial transmit block error rate (BLER) for each of 144 kbps and 640 kbps data rates under each of different channel conditions. These curves were used to obtain the operating conditions, e.g. 10% or 50% initial Tx BLER, shown in Figure 1-6.
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Figure 7. Initial transmission BLER of 144 kbps date rate under Pedestrian A 3km/h
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Figure 8. Initial transmission BLER of 144 kbps date rate under Pedestrian B 3km/h
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Figure  9. Initial transmission BLER of 144 kbps date rate under Vehicular 30km/h
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Figure  10. Initial transmission BLER of 640 kbps date rate under Pedestrian A 3km/h
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Figure 11.  Initial transmission BLER of 640 kbps date rate under Pedestrian B 3km/h
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Figure  12. Initial transmission BLER of 640 kbps date rate under Vehicular 30km/h
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