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1 Introduction

In [1], it is shown that about 40% of the sector total power has to be allocated to a single 64kbps MBMS if full cell coverage is required. This makes MBMS too expensive since the overall system capacity is limited by the power resource. To make MBMS affordable to the UMTS system, its power consumptions have to be reduced. 

There are several factors that make the MBMS power consumption high compared to the existing dedicated data service to a single UE. If MBMS is carried on S-CCPCH, there is no inner-loop power control and extra power budget has to be allocated to compensate for the receiving power flucuation. In addition, for instance in [1], the power of MBMS is set so that to cover the whole cell, which is in comparison with the DCH where power control is used to set the power just right for the targeted user. 

In this contribution, we propose and analyze two ways to improve the power efficiency of MBMS carried over S-CCPCH. First we make the assumption that the MBMS data stream is scalable, i.e. it can be split into several streams with different importance (and data rate) which may be combined to achieve varying level of QoS. Only the most important stream is sent to all the users in the cell to provide the basic service.  The less important streams are sent with less amount of power or coding protection and only the users who have better channel conditions can receive those to enhance the quality on top of the basic MBMS. This way, transmission power for the most important MBMS stream can be reduced because the data rate is reduced, and the transmission power for the less important streams can also be reduced because the coverage requirement is relaxed. Secondly, if the network knows the geometry of the MBMS users in the cell, the transmission power can be set just enough to serve all users subscribing to the MBMS service instead of blindly using the power to cover the whole cell. 

2 analysis

In this section, we analyze the required power allocation for MBMS. The two power-saving methods discussed in Section 1 will be analyzed.

2.1 Simulation Assumptions

We assume that the MBMS is carried over FACH and there is no inner-loop power control. The basic simulation assumptions are listed in Table 1.  We use the link level simulation results of 64kbps FACH under Case 2 3km/h channel [2]. The link level results are shown in Table 2. The geometry distribution is generated by assuming that the neighboring sector loading is 80%.

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

	Information rates
	64 kbps

	Block Error Rate
	1%

	UE antenna gain
	0dBi

	Physical Channel
	S-CCPCH, slot format 8, SF 64


Table 2: Required Rc/Ior for 64kbps, 3km/h Case 2
	Ior/Ioc(dB)
	-6
	-1
	4
	9

	Ec/Ior (dB)
	-0.6
	-6
	-10.7
	--14.5


2.2 Static power setting

In this section, the value of transmission power is assumed to be static and be set to cover certain percentage of the geographical locations within a cell.  Two possible MBMS schemes can be used. The first one is to use a single rate stream, which is carried on a single 64kbps channel and sent to the covered areas. The second one is to use two data streams, each of 32kbps. The first stream carries the most important data and is used to provide the basic quality of service. The second stream carries the enhancement data and is used to provide the enhanced quality of service, with the full 64kbps. The first stream is sent to the whole area in the cell. The second stream is sent only to cover certain pencetage of the cell. 

The comparison of the single-rate and dual-rate schemes is shown In Figure 1.  The curve of “Single Rate” shows that the requirement of Ec/Ior decreases with the coverage percentage. It can be seen that for 99% cell coverage, about –1.8dB of Ec/Ior is needed for single-rate scheme. The curve of “Dual rate” shows the requirement of Ec/Ior of the dual-rate scheme. The coverage percentage of the first stream is always close to 100% so that every user in the cell can receive the basic service and the coverage percentage of the second stream is the variable whose value is shown in the x-axis. We see that to cover 50% of the cell with the enhancement stream, about –4dB of Ec/Ior is required which is 2.2dB less than the sinlge-rate scheme. The power saving of the dual-rate sheme decreases with the increasing cell coverage of the enhancement stream. It may also be possible that “Triple rate” scheme is used. For example, the MBMS users are provided the basic data rate of 16kbps, first enhancement with an additional rate of 16kbps, and the second enhancement with another additional 32kbps.  If we want to cover the 99% of the area with the the minimum basic rate 16kbps, 75% area with the first enhancement of aggregated 32kbps, and 50% area with the full rate 64kbps, the total required Ec/Ior of the MBMS service would be –5.4dB (about 29% of the total base station transmission power).
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Figure 1: Total power requirement for 64kbps MBMS for static power setting.

2.3 Dynamic power setting

In this section, the value of MBMS transmission power is dependent on the location of the existing MBMS users in the cell. We observe that if the user’s path loss to the base station is known, the MBMS transmission power need not to be large enough to cover the whole area in the cell. Instead, its power only needs to be big enough to support all the users in the cell. 

In Figure 2, the Ec/Ior requirement of the dynamic power setting is shown for both single-rate scheme and dual-rate scheme. The curve of Single Rate is for 99% user coverage; the curve of “Dual rate 90%” is 99% user coverage for the first 32kbps and 90% user coverage for the second 32kbps. The curve of “Dual rate 50%” is 99% user coverage for the first 32kbps and 50% user coverage for the second 32kbps.

For the single-rate scheme, when the number of users in a cell is ten, we see that the average Ec/Ior requirement is about –3.5dB. Recall that in Figure 1, without dynamic power setting the Ec/Ior requirement is about –1.8dB for close to 100% cell coverage. So by using dynamic power setting about 1.7dB of Ec/Ior can be saved. The required power increases with the number of MBMS users. This is because the more users, the more likely there is one user at the edge of the cell and seeing bad Ior/Ioc value. 

The dual-rate used with the dynamic power setting is also shown in Figure 2. - It’s observed that if 90% users is covered by both the first stream and second stream, with 10 MBMS users in the cell, the total required Ec/Ior is –3.5dB; if only 50% users receive the second stream and 100% users receive the first stream, then the overall required Ec/Ior is –5.4dB, which is about 29% of the total cell power.  The measurement and feedback mechanism for MBMS to determine the actual power requirement for any MBMS users in a cell is FFS.
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Figure 2: Total power requirement for 64kbps for dynamic power setting. The curve of Single Rate is for 99% user coverage; the curve of “Dual rate 90%” is 99% user coverage for the first 32kbps and 90% user coverage for the second 32kbps. The curve of “Dual rate 50%” is 99% user coverage for the first 32kbps and 50% user coverage for the second 32kbps.

3 Conclusion

We discussed the two methods to reduce the power consumptions of MBMS service. It is shown that using the dynamic power setting and dual-rate schemes can reduce the MBMS power consumption from –1.8dB to –5.4(29% of the total power). Even 29% of the total system power for a single 64kbps MBMS is still too expensive. More advanced technologies need to be used to conserve the transmission power. Otherwise, we should live with low rate MBMS. 

In this contribution, we are focusing on power usage when FACH is used to carry MBMS. It may also be possible to use a downlink shared channel to support MBMS. The advantage of using DSCH is that it has inner-loop power control, which may provide 0-4dB gains over the FACH. However, using a downlink shared channel incurs control channel overhead in DPCCH. In addition, the uplink feedback channel may be congested if the MBMS group size is large. This is for future study.
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