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1 Introduction

Usually in wireless communication systems, common channels are only used to broadcast systems based information and signaling messages to all users.  However in 3G systems, common channels are being used to provide broadcast services such as Multimedia Broadcast Multicast Services. Common channels are not power-controlled and are allocated a fixed percentage of the base station power to provide full coverage of the cell.   Not all the users in the cell will subscribe to MBMS.  However, any user that subscribes to MBMS may be anywhere in the cell. Therefore full cell coverage for MBMS is required. In this contribution, we present a method of power allocation for common channel and user assignment of dedicated channel depending on user channel conditions.  
2 Method of power allocation and user assignment 
In [1] the network counts the number of users in the cell who joined the service.  If the number of joined users in the cell is below a configurable threshold, the service is provided using dedicated radio resources only; otherwise the service is provided using a broadcast channel for full coverage regardless of where the users are located and their fading conditions.

Full coverage using common channel requires a considerable percentage of the Node B’s total transmit power.  Simulation results in Figures 1 and 2 show that even with STTD for full coverage the percentage of Node B’s total transmit power is quite high (above 15%) for 64kbps and 1% FER.  For 128kbps, more than 30% of the Node B’s total transmit power is required [3].   Since the threshold to switch from dedicated resources to the broadcast channel is low (that is, to switch from point-to-point to point-to-multipoint),   MBMS service will typically consume more than 25% of the Node B’s total transmit power.  

As a result, several power management techniques have been proposed for point-to-multipoint MBMS. They include (1) power control of the common channel, (2) using a mixture of common and dedicated channels, (3) dynamic power setting, (4) rate-splitting, and (5) advanced coding.  Method 1 and 3 require significant dedicated radio resource for feedback and may severely degrade performance in the uplink direction.  Method 4 entails splitting of the data source into multiple streams with different power and code protection.  This method may not be desirable because it provides different QoS to different UE’s as well as relaxes the coverage requirement.  When the number of MBMS subscribers is small, Method 2 has a high potential for power saving, provided that the users can be tracked.  In [2], it was shown that, with 5 users a 10% power saving of the required Ec/Ior is possible for Case 2 channel at 3 km/h.  The results, however, did not consider DCH in soft-handover, in which case the power saving may be significantly larger.

In [4], the power requirement for common versus dedicated channel cell coverage was discussed.  In the analysis, it was shown that the power requirement of the common channel vs. dedicated channel is of the order of 7:1 for 95 % system coverage in a multi-cell system.  Figure 3 shows the required margin for a single hexagonal cell for a log-normal standard deviation of 8 dB.  Here, in order to meet 95% coverage reliability a margin of 5 dB is needed for the dedicated channel, whereas a margin of 11.8 dB is required for the common channel for the same coverage reliability.  Therefore the dedicated channel requires significantly less power (6.8 dB, in this case) than the common channel.  Furthermore, from Figure 3, it is shown that the required power margin for the common channel reduces substantially as cell coverage shrinks.  For example, to reliably cover 80% of the cell, a power margin of 5 dB is required compared to 11.8 dB for 95% coverage.   Thus, we may be able to save a significant amount of power by providing MBMS service through a combination of the common channel for lower area coverage and assigning dedicated channels to users with poor channel conditions.
To provide MBMS service with a mixture of common and dedicated channels, the followings need to be considered:  

1. Partial cell coverage by the common channel (e.g. 70% area coverage reliability), which reduces power consumption significantly (see Figure 3 and Table 1). 

2. SHO users and users with poor geometry may be served using DCH to take advantage of power control and SHO gain.  In this region the dedicated channel is much more power efficient than a common channel.

3. Users are tracked based on measurement reports already being performed for handover control.  As such, there is no additional impact on the uplink.

The goal is to assign users to the common or dedicated channel in order to minimize the total transmit power: 
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PB
Power allocated to the broadcast channel for the partial cell coverage
Pi
Power allocated to the dedicated channel in SHO

PEDGE
Power required for the common channel to the edge of the cell

The following procedure describes how power allocation for partial coverage and user assignment are determined.
1. Set a pilot Ec/Io threshold corresponding to a predetermined MBMS coverage area reliability (e.g. 70% area coverage reliability).  The area may be larger or smaller than the non-SHO region.  Broadcast the threshold to MBMS subscribers.

2. The UE measures the pilot power to interference plus noise density ratio (Ec/Io) periodically and compares this value to the broadcast threshold.  The UE reports its measurement to the network when the value is below the threshold.  The UE may also report its measurements periodically, depending on handover control configuration.

3. The Node B compiles all the Ec/Io measurements from reporting UE’s (i=1,…,NUE).  Note that these measurements may be periodic or event-driven and the values are usually filtered by the network to remove short-term fluctuations. The network then determines the coverage region and channel assignment as follows:

a. Sort the users from strongest to weakest according to the reported Ec/Io.

b. Determine K, the number of users that will be supported by the broadcast channel as follows:
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Where PB(k) is the required power of the broadcast channel to reliably provide MBMS service (e.g. to provide the service at 1% FER) to user k, and Pi is the required power to support user i using a dedicated channel.  Both these power requirements are based on past Ec/Io measurement reports.

c. Assign users 1,..,K to the broadcast channel, and users K+1,…,NUE to dedicated channels.  If dedicated channels are already available for users K+1,…,NUE, then MBMS service will be time or code-multiplexed into existing dedicated channels.  If K=NUE then all users are assigned to the broadcast channel.

In Table 1, the trade-off between allocating power to the broadcast channel versus to the dedicated channels is shown.   For example, from the table it is seen that if the broadcast channel is only extended to 90% cell coverage, then six users may be supported via the dedicated channels if their average geometry is 3 dB stronger than at the edge of the cell.  Hence, using the selection process described above, if less than six users are not in the 90% coverage range, it would be more beneficial to assign them dedicated channels.  For instance, if only two users are in this range, then the percentage of the total Transmit power used for multimedia service would be 10% instead of the 20% required for full coverage.  Similarly, if more than six users are in this range, then only the broadcast channel should be used to transmit multimedia service.

3 Conclusion

We presented a new method for MBMS power allocation method that dynamically assigns subscribing users to either a dedicated or common channel.  The power allocation and user assignment method provides significant power saving and mitigates the issue of additional uplink interference (due to MBMS) by using existing threshold based measurement report.   
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	Broadcast Channel Cell Coverage
	Required Transmit Power of Broadcast Channel 

(% of Total Power at Node B)
	Additional Power Available to the Dedicated Channels

(% of Total Power at Node B)
	Average Geometry of Dedicated Users relative to Edge of Cell
	Number of Supportable Dedicated Users

	100%
	20%
	-
	-
	-

	95%
	10%
	10%
	0 dB
	2

	
	
	
	3 dB
	4

	
	
	
	6 dB
	8

	90%
	5%
	15%
	0 dB
	3

	
	
	
	3 dB
	6

	
	
	
	6 dB
	12

	80%
	2.5%
	17.5%
	0 dB
	3

	
	
	
	3 dB
	7

	
	
	
	6 dB
	14

	70%
	1.25%
	18.75%
	0 dB
	3

	
	
	
	3 dB
	7

	
	
	
	6 dB
	15


Table 1:  Number of dedicated users (at 1% BLER) when using a mixture of dedicated and broadcast channels while maintaining the same total downlink TX power.  Dedicated users are assumed to be in 2-way soft handoff, STTD off, TTI=20 ms, Flat Fading Channel, 64 kbps streaming class of service.   

Annex: A. Simulation results
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Figure 1: Broadcast channel power with STTD off, PED_B channel, 3 km/h.
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Figure 2:  Broadcast channel power with STTD on, PED_B channel, 3 km/h.
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Figure 3. Common vs. Dedicated Channel Coverage for Single Cell Omni 
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Figure 3. Common vs. Dedicated Channel Coverage for Single Cell Omni 
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