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1. Introduction

Supporting multiple simultaneous transmissions to a UE within a HSDPA subframe or TTI was discussed in WG1 #27 meeting in reference [1]. It is demonstrated in [2] and [3] by Lucent that under max C/I scheduler, supporting multiple HARQ transmissions to a UE within a TTI provides throughput advantage, the average packet call throughput, through better exploitation of multi-user diversity. However, this HSDPA enhancement technology has not been assessed for HSDPA under a packet scheduler with fairness or code limitation scenario. 

In this contribution, we present system-level simulation results that demonstrate the throughput gains from allowing multiple HARQ transmissions to a UE within a TTI with and without code space constrained. Moreover, we also allow the reader to see the trend of results with different schedulers. The packet schedulers considered in the simulation are max C/I and proportional fair. The results of our simulation demonstrate the following:

1. When max C/I scheduler is employed and the system is not code space constrained, the gain in the sector service throughput where multiple simultaneous transmissions to a UE are allowed is in the range of 5-7 %. Moreover, it may be also noted from the results, that there is approximately 9-10% improvement in packet call throughput from allowing multiple simultaneous transmissions to a UE.
2. When proportional fair scheduler is employed and the system is code space constrained, the use of multiple HARQ transmissions to a UE would drop about 7% in packet call throughput. In spite of the system having code limitation or not, the sector service throughput stays about the same.
3. When the system is code space constrained, whether the max C/I or proportional fair scheduler was employed, there is no significant benefit in throughput from using multiple HARQ transmissions to a UE within a TTI.
2. Simulation Setup
Simulation assumptions have been aligned with those made in [4] and [5] wherever possible. Some specific aspects of the modeling process will be discussed with more details in the following section and in Appendix.

2.1 Basic Simulation Assumptions

Basic link-level simulation parameters are given in the table below.

Table 1. Link-level simulation parameters

	MCS for HSDPA (4-level)
	QPSK rate ½, ¾ ; 16QAM rate ½, ¾ 

	Coding scheme
	8-state turbo code with max-log decoder

	Channel
	Rician (static UE) or Rayleigh fading

	Delay profiles
	1, 2, 3 ray model with equal probability (Specified in [5])

	Receiver for multipath channels
	Rake

	UE speed (km/h)
	0 (38%), 3 (28%), 10 (3%), 20 (12%), 40 (13%), 60 (2%), 80 (2%), 100 (2%)

	HSDPA TTI length
	2 ms

	Spreading factor
	16

	Number of available codes for HSDPA
	5 or 15 OVSF spreading codes


Basic system-level simulation parameters follow the ones given in [5]. Some specific simulation parameters are given in the table below.

Table 2. Specific system-level parameters

	Number of users per sector
	30 or 50

	Packet schedulers
	Proportional Fair (PF) or max C/I

	HARQ scheme
	Chase combining

	Max. number of retransmissions
	7

	MCS feedback delay
	5 TTIs

	Power allocated to HSDPA data transmission
	Max. 70% of total cell power


To compare the system performance, the sector service throughput and average packet call throughput as defined in [5] are used. In addition, the average service rate per sector is also shown. 
2.2 Code Limitation Scenario
Due to various inefficient code space usage by associated DPCH for HSDPA users and other dedicated channels [6][7], the shortage of codes might occur. The potential benefit from allowing multiple HARQ transmissions to a UE in a code limitation situation under different scheduling algorithm were studied in this contribution. We consider two cases: one where only 5 code channels are available for HSDPA and another where 15 code channels are available. In both cases, 70% of total cell power is assumed to be available for HSDPA. 
2.3 Scheduling
Two scheduling algorithms are studied here. The first scheduler, max C/I scheduler, will provide maximum system capacity at the expense of fairness and it follows the ones given in [5]. In this contribution, we employ a scheduler (proportional fair, PF) that provides a fairer scheduling which shares resources but slightly lowers the system capacity. 
The PF scheduler is performed as follows:
· For each TTI, a list of UEs having data waiting to be transmitted was formed. 
· At each TTI n, a priority function Xi(n) is computed for each UE i in the list. Xi(n) is computed as in (1), where 
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· Supposed UE i has the largest Xi(n), using the C/I reported from the UE i, we check if the channel quality of UE i satisfy the QoS requirement or not. Here the QoS requirement is defined as the SNR (or equivalently C/I) target that corresponding to a certain TTI error rate of 10%. 

· If the UE i passes the quality check, then UE i is scheduled for the current TTI n. If it is not, the UE j with the second largest Xj(n) will go through the checking process and so on.
3. Simulation Results

The simulation results are given in the tables below and the throughput gains from allowing multiple HARQ transmissions to a UE are summarized in Table 7. It can be seen that with max C/I scheduler, the gain in the sector service throughput due to supporting multiple HARQ transmissions to a UE is in the range of 5% ~ 7% when code space is not constrained. Furthermore, without code limitation, in the packet call throughput results show 9% ~ 11% gain from using multiple HARQ transmissions to a UE with max C/I scheduler in the case of 50 users per sector. Nevertheless, when the system is code space constrained, there are no significant gains in throughput from allowing multiple HARQ transmissions to a UE within a TTI even if max C/I scheduler is used. The reason for this is that the chance for enabling multiple HARQ transmissions is rapidly reduced, since the code resource is limited and the same MCS level is used for chase combining. 
With PF scheduler, service throughput stays about the same regardless of allowing multiple simultaneous transmissions to a UE or being code space limitation. And there is up to 7% packet call throughput drop with PF scheduling under code limitation situation from allowing multiple HARQ transmissions to a UE. 
Table 3 Throughput for max C/I scheduler without multiple HARQ transmissions
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Table 4 Throughput for max C/I scheduler with multiple HARQ transmissions
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Table 5 Throughput for PF scheduler without multiple HARQ transmissions
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Table 6 Throughput for PF scheduler with multiple HARQ transmissions
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Table 7 Throughput gains from allowing multiple HARQ transmissions
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4. Summary and Conclusion

In this contribution, we present some system-level simulation results, which demonstrate the advantage of allowing multiple HARQ transmissions to a UE within a TTI over different scheduling algorithms in both code constrained and not constrained scenarios. We found the following:
1. Since high C/I users are getting scheduled and monopolize the radio resource more often than the user’s with low to moderate C/I, the gain from allowing multiple HARQ transmissions to a UE within a TTI is more pronounced when max C/I scheduler is used, especially when the system is not code space constrained. 
2. With a fair scheduler, allowing multiple HARQ transmissions to a UE within a TTI may not be useful for improving the system capacity and it may cause throughput degradation when the system is code space constrained.
3. When the system is code space constrained, allowing multiple HARQ transmissions to a UE within a TTI will not provide significant throughput improvement.
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Appendix

Basic system level parameters:
The basic system level simulation parameters are listed in Table A1 below.
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MCS update rate

MCS update delay

Once per TTI

0 TTI

User distribution Uniform

Maximum size

Data traffic model Modified ETSI call model As proposed in [5]

Fast HARQ feedback error rate 0 %

CPICH measurement error 0 dB

STTD Disable

MCS selection method C/I based selection

Specify fast fading model Jakes spectrum Generated by Jakes approach
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