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1. Introduction

MBMS is a release 6 work item, which aims to define a new UMTS service capable of providing broadcast or multicast data services by sharing resources carrying the same data traffic to several UEs.

Within RAN1, recent discussion has taken place regarding physical layer implications of providing MBMS services within the framework of FDD. In these discussions, a 64kbit/second data service has been taken to be representative of what the physical layer will need to support. In particular, it was noted that to achieve coverage of more than 90% of the UEs in a representative FDD cell with the 64kbit/second service, typically around 30% of the basestation power would be required if purely release 99 functionality were to be employed [1]. Clearly, there is a need to devise means of reducing such a large resource demand, and to this end, several schemes for reducing the required power fraction have been discussed, including longer TTIs and time diversity, transmit diversity, outer coding and power limitation [2] - [7]. Using such techniques, the fraction of FDD basestation power required for supporting the 64kbit/sec MBMS service can be reduced to around 10-20%

This paper examines the provision of MBMS services using the 1.28 Mcps TDD option. In particular, TDD performance bounds assuming an MBMS service mapped onto S-CCPCH and release 4 functionality are derived. Additionally, a simple extension, in which the length of the TTI is extended has been investigated.

This preliminary work will enable a future discussion along similar lines to the FDD one; i.e techniques that will need to be applied to MBMS data channels in TDD to facilitate economically feasible MBMS distribution.

2. MBMS for LCR TDD

The scenario chosen for investigation in 1.28 Mcps TDD is one in which all MBMS data is transmitted within a single timeslot. It is shown that for MBMS data rates of 32kbps and above, the full basestation power will be required for transmitting MBMS services in this single timeslot using release 4 functionality, whereas for lower data rates the basestation power budget will allow for additional physical channels in the timeslot.

In estimating MBMS coverage levels, a frequency/timeslot re-use factor of 3 has been assumed. Figure 1 indicates a cumulative distribution curve for the basestation power (Ior) to interference noise (Ioc) ratio seen by arbitrarily distributed UEs in such a deployment. From Figure 1, it can be seen that 95% of the UEs experience an Ior/Ioc of greater than 3.5dB. 
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Figure 1 Cumulative density function of UE signal to interference power ratio assuming an interference limited TDD environment with a re-use factor of 3

To assess the amount of network capacity required for supporting the MBMS service, a theoretical LCR TDD network has been assumed, with a timeslot/frequency re-use factor of 3 and a frequency allocation of 5MHz (i.e. 3 carriers). The use of full basestation power in one timeslot in each cell when the re-use is 3 accounts for around 14% of the available resources. 

The above limits on the signal to intercell interference ratio can be mapped to performance limits on the data services by considering the link level performance of such services. Simulation assumptions for the link level simulations outlined in this section are give in section 4. Four data rates have been investigated in this contribution; 64, 32, 16 and 8 kbit/sec.

Figure 2 and Figure 3 indicate the performance of the services in multipath fading cases 1 (3km/h) and 3 (120km/h), as outlined in TS 25.102, with a TTI of 20msec. Table 1 indicates the Ior/Ioc required to achieve block error rates of 10% and 1% in the most demanding of these conditions; i.e. case 1, whilst Table 2 indicates estimates of the coverage that can be achieved if the full basestation power is allocated. The figures indicate that in this worst case, when the TTI is 20msec only around 85% of the UEs will be able to receive the MBMS service with a BLER of at least 10% if the re-use factor is 3. (In the high speed case 3, coverage with the 64kbps service is better than 95%). Alternatively, the figures indicate that in the case of the 8 and 16kbit/second services, there may be up to 6dB of basestation power available for transmitting additional data.
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Figure 2 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=20, under multipath case 1 fading conditions, UE speed = 3km/h
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Figure 3 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=20, under multipath case 3 fading conditions, UE speed = 120km/h

	
	BLER 10%
	BLER 1%

	64kbps
	8.3dB
	14.9dB

	32kbps
	5.1dB
	10.9dB

	16kbps
	2.2dB
	7.9dB

	8kbps
	-0.8dB
	5.1dB


Table 1 Worst case Ior/Ioc needed to achieve BLER performance of 10% and 1% when TTI=20msec

	
	BLER 10%
	BLER 1%

	64kbps
	83
	57

	32kbps
	92
	74

	16kbps
	97
	85

	8kbps
	99
	92


Table 2 Worst case coverage for BLER performance of 10% and 1% when TTI=20msec

A strategy that has been put forward for FDD for reducing the resource requirement of MBMS services is that of increasing the TTI length. Whilst keeping within the constraints of the release 4 functionality, the TTI length may be increased to 80msec. Figures 4 and 5 indicate link level performance when the TTI is 80msec, while the following tables indicate required Ec/No and coverage estimates under the assumption that full basestation power is allocated to MBMS. The data indicates that when TTI=80msec, up to 64kbps can be supported in one timeslot with 10%BLER and coverage of 90% or better in the worst case condition. Alternatively, 16kbps can be supported with 1%BLER, or there exists between 2 and 8dB of room for including additional data or MBMS services at the data rates of 8 to 32 kpbs.
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Figure 4 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=80, under multipath case 1 fading conditions, UE speed = 3km/h
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Figure 5 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=80, under multipath case 3 fading conditions, UE speed = 120km/h

	
	BLER 10%
	BLER 1%

	64kbps
	6.2dB
	10.6dB

	32kbps
	3.8dB
	7.9dB

	16kbps
	0dB
	4.0dB

	8kbps
	-2.3dB
	1.9dB


Table 3 Worst case Ior/Ioc needed to achieve BLER performance of 10% and 1% when TTI=80msec

	
	BLER 10%
	BLER 1%

	64kbps
	90%
	75%

	32kbps
	95%
	85%

	16kbps
	99%
	94%

	8kbps
	>99%
	97%


Table 4 Worst case coverage for BLER performance of 10% and 1% when TTI=80msec

The previous results indicate performance bounds using S-CCPCH channels and release 4 functionality. As in the case of FDD, there exist other methods for increasing the link level performance and hence enhancing the capability of the MBMS service by including additional technical features.

As an initial step in this direction, this contribution has also examined the possibility of extending the TTI beyond the limit of 8 radio frames. Figures 6 and 7 indicate expected link level performance when the TTI is 320 msec. The figures indicate that at all of the investigated data rates, in the worst case at least 90% coverage can be obtained for BLER of 10%. For the 32, 16 and 8kbps, there is obviously considerable room for accommodating other data within the same timeslot.
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Figure 6 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=320, under multipath case 1 fading conditions, UE speed = 3km/h
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Figure 7 Ior/Ioc required for 64, 32, 16, 8kbits/second data services, mapped into 1 timeslot with TTI=320, under multipath case 3 fading conditions, UE speed = 120km/h

	
	BLER 10%
	BLER 1%

	64kbps
	4.6dB
	6.4dB

	32kbps
	1.7dB
	3.8dB

	16kbps
	-1.9dB
	0.2dB

	8kbps
	-4.5dB
	-2.4dB


Table 5 Worst case Ior/Ioc needed to achieve BLER performance of 10% and 1% when TTI=320msec

	
	BLER 10%
	BLER 1%

	64kbps
	93%
	89%

	32kbps
	97%
	94%

	16kbps
	>99%
	99%

	8kbps
	>99%
	>99%


Table 6 Worst case coverage for BLER performance of 10% and 1% when TTI=320msec

The main disadvantage with a lengthened TTI is that the buffering capability of the UE must be increased, with the increase being proportional to the data rate and the TTI.

3. Conclusions

The results of this investigation indicate that release 4 based LCR TDD with frequency re-use 3, when broadcasting MBMS in a single timeslot using S-CCPCH channels can support up to 64kbps at BLER=10% or around 16-32kbps at BLER=1% when using full basestation power in the timeslot. By means of extending the TTI length up to 320msec, up to 32 kbps can be supported at BLER = 1% using 1 timeslot at the cost of an increase in the UE buffering requirements.

The simulation results presented in this paper demonstrate the viability of providing MBMS services over TDD. Similarly to the case of FDD, however the results indicate that it may be beneficial to introduce further functionality in release 6 with the specific goal of achieving a more resource-efficient MBMS. Potential areas for investigation of such functionality include:

· Time diversity in transmissions

· Transmit diversity; STTD has been investigated in the case of  FDD

·  Open loop power control based on the most distant UE, as has been suggested for FDD, or closed loop power control

4. Simulation assumptions

	Parameter
	Assumption

	Cellular layout
	Hexagonal Grid

	Re-use pattern
	3

	Propagation law
	128.1-37.6log10(R)

	Service, Bit rate
	64, 32, 16, 8kbit/second, Data

	FEC coding
	Turbo

	Transport Block Size
	1280, 640, 320, 160; 16 bit CRC

	TTI
	20, 80, 320 msec

	Spreading Factor
	16

	Slot Format
	No TPC, TFCI, SS

	Power Control
	None

	Channel Estimation
	Enabled

	Receiver Detection
	JD-MMSE

	Multipath Channels
	Multipath cases 1, 3 as defined in TS25.102

	Carrier Frequency
	2000 MHz

	UE Speed
	3km/h, 120km/h
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