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1. Introduction

Node B controlled hybrid ARQ is one of the key technologies considered for uplink enhancements [1]. It allows for rapid retransmissions of erroneously received data units, thus reducing the number of RLC retransmissions and the associated delays. Soft combining in the receiver will further improve the performance.

Several different strategies for TFC selection in a system using hybrid ARQ with soft combining are possible. For example, a single transmission can be targeted in order to reduce delays, or multiple transmission attempts can be targeted in order to improve the link performance.

For situations where the delays must be kept at a minimum, the transport format should be selected such that a single transmission attempts is targeted, e.g., an initial error probability of approximately 10%. In most cases, the transport block(s) will be correctly decoded after a single transmission attempt and hybrid ARQ will mainly serve the purpose of providing robustness to power control errors, TFC selection errors, interference variations, etc.

For situations where capacity is at premium, considerable improvement in performance can be achieved if the transport format is selected targeting multiple transmission attempts. The larger the number of acceptable transmission attempts, the larger the gain. Hybrid ARQ with soft combining will fine-tune the transmitted energy per bit by, thus exploiting rapid and unpredictable variations in the radio conditions.

Obviously, the number of transmission attempts possible given a certain acceptable maximum delay is larger for a shorter TTI than for a longer one. Hence, a short TTI provide the tools both to reduce the end-user delays [4], and, in conjunction with hybrid ARQ with soft combining, to improve the capacity.

Note that the trade-off between delay and capacity is a matter of operating the outer loop power control in a suitable way and selecting appropriate parameters when setting up the TFCS in the UE. One possibility could be to set up two transport formats with the same transport block set size in the UE: one transport format with a higher DPDCH/DPCCH power ratio targeting successful decoding after the first transmission attempt and one transport format with a lower DPDCH/DPCCH power ratio used for less delay sensitive situations. Such a setup could easily be operated in conjunction with a rate-scheduling scheme. In low load scenarios, the UE is allowed to select the transport format targeting low delays, while the network can restrict the UE to select only from more energy efficient but less delay efficient transport formats in high load situations. 

In this paper, link performance of hybrid ARQ with soft combining is investigated as a function of the TTI and number of hybrid ARQ processes.
2. Simulation Setup

To assess the performance gains possible over a fading channel, hybrid ARQ with soft combining has been simulated both with a 2 ms TTI and a 10 ms TTI. The hybrid ARQ protocol is similar to the protocol used for HS-DSCH, i.e., multiple parallel hybrid ARQ processes, and the number of processes and transmission attempts were chosen to obtain the same maximum delay for both 2 ms and 10 ms TTI:

· 6 processes and a maximum of 4 attempts were used for 2 ms TTI

· 3 processes and a maximum of 2 attempts were used for 10 ms TT

This results in a maximum delay of (approximately) 40 ms, as illustrated in Figure 1, and a resulting effective data rate of 96 kbit/s for both scenarios.

The values used should be seen as examples, chosen for illustrative purposes only. For 2 ms TTI, a smaller number of processes than 6 can be used provided the Node B and UE processing are sufficiently fast. A reduced number of processes can be exploited to reduce end-user delays or to improve the efficiency. For 10 ms TTI, 2 processes is theoretically possible, but requires an ACK/NAK signal from the Node B to the UE with a duration significantly shorter than 10 ms. Three processes may thus be a lower limit from a practical point of view.

Two different channels have been simulated:

· Case 1 at 3 km/h with power control to illustrate the performance when there are small variations in the received power

· Case 1 at 120 km/h without power control to illustrate the performance when there are large variations in the received power

The remaining simulation assumptions are shown in Table 1.
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Figure 1: Timing of hybrid ARQ processes for 2 ms TTI (6 processes, 4 attempts), and 10 ms TTI (3 processes, 2 attempts) in the simulation setup. Red boxes represent actual transmission (2 ms or 10 ms). The numbers inside the boxes represent the hybrid ARQ process number.

	Parameter
	Value
	Comment

	
	2 ms TTI
	10 ms TTI
	

	HARQ Processes
	6
	3
	

	Max number of attempts
	4
	2
	

	Initial data rate [kbps]
	384
	192
	

	Turbo coding block size [bits]
	768
	1920
	

	Initial code rate
	0.4
	

	Soft combining
	Chase combining
	

	Resulting data rate after max number of transmissions [kbps]
	96
	

	Modulation
	Dual BPSK
	

	(d/(c
	15/5
	From 25.xxx. Further optimization is possible.

	Channel models
	Case 1 (3 km/h), Case 1 (120 km/h)
	

	Channel estimation
	Ideal
	

	Antenna configuration
	Rx diversity, 2 antennas
	

	Inner loop power control
	Off or on with  ±1 dB step size, based on measured DPCCH SIR


	


Table 1: Simulation assumptions.

3. Simulation Results

The results are plotted in Figure 2 and Figure 3 as residual BLER after the maximum number of allowed transmission attempts vs the accumulated received Eb/N0 for the transmission attempts used.

As seen in Figure 2, the energy per bit required for a certain BLER level is lower for 2 ms TTI than for 10 ms TTI. The reason is the larger number of transmission attempts possible with a 2 ms TTI, given a fixed maximum delay. Similar conclusions can be drawn from Figure 3, illustrating a case with large variations in the received power. In general, variations in the received power are not only due to fast fading, but also due to TPC errors, interference variations and errors in the UE power setting. Finally, the average delay was found to be lower 2 ms TTI (approximately 30 ms) compared to the 10 ms TTI (approximately 38 ms).
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Figure 2: Performance for hybrid ARQ with soft combining as a function of average accumulated Eb/N0. Case 1 channel, 3 km/h, power control.
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Figure 3: Performance for hybrid ARQ with soft combining as a function of average accumulated Eb/N0. Case 1 channel, 120 km/h, no power control.

4. Conclusion

The possibility for exploiting hybrid ARQ with soft combining to improve the link performance for a given delay budget has been illustrated. A short TTI of 2 ms allows for multiple transmission attempts for a given delay, and can thus be used for improving the link performance in addition to reducing the end user delay. The results, obtained over a fading Case 1 channel, are in line with earlier results [1] [2]

 REF _Ref56334619 \r \h 
[3]. It is proposed to add the results above to section 9.2.1 of [1].
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