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1. Introduction

It has been shown that the MBMS service can take a significant portion of the sector power if FACH is used to carry the MBMS traffic [1]. If no dynamic power setting or rate splitting is used, 64kbps MBMS service carried on FACH will need an Ec/Ior of –0.6dB under Case 2 channel. This essentially means that MBMS is not feasible unless certain advanced powers saving methods are used. In [1], it is shown that dynamic power setting and rate splitting can provide siginificant power savings for MBMS carried over FACH. 

MBMS service can also be carried over DSCH channel. Each UE camping on the DSCH channel has its own DPCCH channel on both uplink and downlink. The DPCCH channel carries the FBI bits (uplink only), TFCI, dedicated pilot, and TPC bits. The advantage of DSCH over FACH channel is that the DSCH channel has inner-loop power control with the power control command sent every time slot. For a single user case, the inner-loop power control can provide about 0-5dB gain in transmission power, depending on the fading channel, mobile speed and target block error rate. When there are multiple users, the transmission power value has to be determined based on the worst C/I user at any given time slot. In Figure 1, the scaled required transmission power of five users in a Raleigh fading channel is illustrated. 
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If FACH with dynamic power setting is used to carry MBMS and the users are static, the transmission power is constant over time. If DSCH is used, the transmission power would be adjusted based on the worst user’s C/I at any given time slot. In this contribution, we compare the power consumption of using FACH channels with slow dynamic power setting and of using DSCH with inner-loop power control. 

2. system model

The channel model and link level assumptions are similar to that used in [1]. The basic simulation assumptions are listed in Table 1. The geometry distribution is generated by assuming that the neighboring sector loading is 80%. The signal attenuation of each user consists of a large-time-scale path loss that is constant
 over time, and a small-time-scale Raleigh fading. 

If FACH with dynamic power setting is used for MBMS, each user reports its pilot signal strength to the base station. Therefore, the RNC knows every user’s average path loss. Since no inner-loop power control is used, the transmission power on the S-CCPCH is based on the highest-path-loss user and is constant over time. 

If DSCH is used, each user sends TPC commands on the uplink every time slot. Only if all received commands request power decrease, the transmission power is decreased; otherwise, the transmission power is increased. The power control step is 1dB per time slot in the simulation.

Assume there are N MBMS users, and assume the required transmission power for user i is 
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if a point-to-point link were to set up between user i and the Node B. The required power for the MBMS group of N users is 
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Assume that the users are ordered such that the lower numbered user has higher average path loss. Then user 1 is the worst user in average. In the simulation we calculate the average MBMS power consumption
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and the worst user’s power consumption
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where T is the simulation run time of  5 seconds. If FACH channel is used, the transmission power is a constant over time, and it is set at the average required transmission power of the worst path-loss user plus a margin. We assume that for a point-to-point connection, the inner-loop power provides a gain of xdB. Therefore, 
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If not otherwise indicated, we assume x=4.

In the simulation, we collect the statistics of 
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 using a single path propagation progile. We use Eq.s (4)

 to compare the power consumption of DSCH and FACH with dynamic power setting. The simulation results are shown in the next section.
(3)

 and (2)

, 
Table 1: Simulation Assumptions. 

	Parameters
	Assumptions

	Cell shape
	Clover leaf

	Cell radius
	2 km

	Sectors/cell
	3

	Antenna gain
	15 dBi

	No (Noise spectrum density)
	-174 dBm

	Log-normal shadow fading standard deviation
	7 dB

	Maximum base station transmit power
	20 W

	UE antenna gain
	0dBi

	Mobile speed
	3km/h


3. simulation results
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The simulation results are shown in Figure 2 and Figure 3. The legend “worst user” refers to the power conumption 
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 and “mbms” referes to power consumption 
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.  As we can see that the gap between 
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 increases as the number of the users increases. In Figure 3, we assume that for a single user link, the power control brings 4dB gain. The advantage of using DSCH diminishes as the number of users increases. When the number of users is three, with 50% probability DSCH comsumes about 2.5dB less power than FACH, and with 80% probability DSCH consumes less power than FACH.  When the number of users increases, the benefits of using DSCH are not clear. When the number of users is 10, with 50% probability DSCH consumes 1dB more power than FACH. Generally speaking, power control can help save power while maintain certain target block error rate. We observe that the power control in DSCH consumes more power than FACH with only dynamic power setting. This is due to the fact that the power control algorithm based on the worst user is over-conservative. The block error rate with DSCH would be less than the FACH channel. A detailed study involving link level simulation is for future study.

Note that the overhead of associated uplink and downlink DPCCH channel is not included in this analysis. If that is taken into account, the DSCH power consumption number will be larger. For each UE, the amount of associated downlink DPCCH overhead depends on a number of factors, such as traffic duty cycle and whether there is other DPCH channel sharing the DPCCH. The impact of the DPCCH channel overhead is for future study. 
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4. Conclusions

In this contribution, DSCH with worst-user-based power control algorithm for MBMS is investigated. We show that the gain of using DSCH diminishes as the number of users increaes. 

This study only considers the inner-loop power control gain. The overhead of DPCCH channel for DSCH is not considered and is for future study. 

The dynamic power setting gain for FACH and the inner-loop power control gain for DSCH are the gains that can be obtained on top of the gains provided by the longer TTI and transmit diversity [5,6]. They can be used together with longer TTI and transmit diversity schemes. 

We note that the use of dynamic power setting and DSCH provides gains only when the MBMS group size is small. When the MBMS group size is large, a simple FACH channel without dynamic power setting may suffice. The FACH with dynamic power setting and DSCH would incur significant uplink feedback messages if the group size is large. This does not seem to be a serious problem because we show that the gains of these two schemes can be realized only when the group size is small. 
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Figure � SEQ Figure \* ARABIC �2�: Power consumption of � EMBED Equation.DSMT4  ���.





Figure � SEQ Figure \* ARABIC �3�: Tx power difference between DSCH and FACH (� EMBED Equation.DSMT4  ���). It is assumed DSCH power control is based on the worst user.





Figure � SEQ Figure \* ARABIC �1�: required transmission power of multiple users








� We assume all users are static. 
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