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1 Introduction

MBMS was introduced in R6 to allow both multicast and broadcast services. At the RAN#30 meeting, the SI “Improvement of MBMS” was approved which aims to improve MBMS for R7 [1]. Of note, it has been suggested that an improvement can be achieved if MBMS is carried over HSDPA [2][3]. This will result in a more efficient use of radio resources and a higher MBMS data rate. In this contribution, we address the problem of UL feedback when operating MBMS over HSDPA, and show the benefits that can be achieved over the no-feedback case. We also show that these benefits depend on the number of subscribers per MBMS service. 
2 Uplink Feedback Problem

One of the issues that have to be resolved when using MBMS over HSDPA is the problem of feedback. In order to take advantage of the high throughput capabilities of HSDPA, fast L1 feedback containing ACK/NACK and CQI from each of the UEs to the Node B is necessary. Currently, this feedback is provided over dedicated channels for non-MBMS UEs.  With MBMS, the downlink transmissions are grouped by services, and individual UEs join these services. As the number of UEs joining a particular service increases, providing feedback using the current scheme may become prohibitively expensive in terms of uplink capacity.   Accordingly, it has been proposed that feedback be reduced or eliminated for MBMS or cell-FACH [2, 3, 4].  
In this contribution, we demonstrate that significant benefits from feedback can be realized even with a large number of subscribers per service. We show performance results which provide a quantification of the gains as a function of the number of subscribers. 

The degradation of performance with the number of subscribers can be explained as follows. For each MBMS service, the Node B uses the CQI feedback to determine the modulation and coding to use on the downlink HS-DSCH transmission. As the UEs for the service are spread across the cell, they will each experience a different channel quality. The UEs experiencing the worst channel quality will limit the overall throughput in the downlink, since the Node B will determine its modulation and coding to allow these UEs to correctly receive the transmissions. Furthermore, upon reception of a NACK, the Node B will retransmit the information to all UEs. As the number of subscribers increases, the probability of having one of these with a poor channel condition also increases, and there is a higher probability that one or more will NACK.

3 Simulation & Results
In the simulation we assume 4 MBMS services per cell without multi-cell synchronization and we compare the usage of available HSPDA resources for MBMS with and without feedback.  

In the case with no feedback, a fixed MCS and a fixed number (4) of HARQ transmissions were assumed.  The data rate per MBMS service was determined by allocating all HSDPA resources to the 4 simultaneous MBMS services, while targeting 95% coverage with a residual BLER less than 1%.  The resulting data rate per MBMS service per cell is 40 kbps under the present simulation assumptions.  

At the same data rate per MBMS service, the system performance was evaluated for the case where full feedback information is available (i.e. CQI and ACK/NACK) at the Node B, with a varying number of UEs that are subscribed to each of the 4 simultaneous MBMS services.  The availability of feedback allows the Node B to transmit at a higher instantaneous data rate for some MBMS services, thus making more HSDPA resources available for other applications. The usage of available HSPDA resources is compared in Figure 1, which shows the CDF of the HSDPA resource usage as the number of subscribers is varied. 

The vertical line denotes the no feedback case. That is, all HSDPA resources are used to carry the data for the MBMS services. The results show that feedback provides savings in HSDPA resources. The savings is less pronounced, but still significant, as the number of subscribers per service class increases. Thus for example savings of ~50% are obtained on the average for 10-20 users.
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Figure 1: Resource Usage CDF with/without Feedback
4 Conclusions

The simulation results presented show that there is a definite gain in using UL feedback when operating MBMS over HSDPA. In addition, this benefit is obtained even with many subscribers to each service. While not yet quantified, we expect that a large fraction of these benefits will be obtained even with partial or reduced feedback. We propose that RAN-1 will consider this information when providing MBMS over HSDPA.
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6 Appendix

6.1 Simulation Methodology

The full feedback simulation results are based on the following principles

· In each simulation snapshot, subscribers are randomly assigned to one of 4 MBMS services per cell
· Each scheduling interval, the Node B has complete CQI and ACK/NACK information

· Scheduling is performed per MBMS service
· TDM scheduling is assumed. The resource usage is the percentage of time used by all MBMS services in the cell

6.2 Simulation assumptions

	Parameter
	Value

	Channel Model
	Pedestrian B 3 Km/h

	Cellular layout
	Hexagonal cell grid (wrap around) 

· 12 Cells

· 1 km inter-site distance

	UE Category
	Category 10

	Total Node B Power
	20 W

	Maximum HS-DSCH Power
	14 W 

	UL Feedback Channel
	Error Free

	UE HS-SCCH Receiver
	Error Free

	UE HS-DSCH Receiver
	Type 2 

	Number MBMS services
	4

	Number of HS-PDSCHs
	15

	Number of HS-SCCHs
	1

	HARQ Mode
	Chase Combining

	MAC-HS PDU Size
	Selected to target a 10% Hybrid-ARQ BLER

	HSDPA Scheduler
	TDM, Proportional Fair

· Fairness Exponent  = 0.75
















































































