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1. Introduction
At the RAN WG1 #28bis meeting, we have mentioned the necessity of obtaining time diversity gains for MBMS to save power resources [1].  Furthermore, we suggested two possible methods to obtain this time diversity gains: 

1) Extending the TTI lengths

2) Employing soft combining on the transport blocks, which the Node-B repeatedly transmits, at the UE

The use of outer coding, another method to achieve time diversity gains have been evaluated and reported already [2,3].

Also, it has been reported that it is possible to reduce power requirements within the scope of existing parameters [4].

This contribution presents simulation results illustrating the effects of TTI length extension.  TTI lengths of up to 160 and 320 ms have been considered to present and address the need for the gains brought about by employing time diversity of over 80 ms.

2. Simulation 

Link level simulations have been conducted to evaluate the effects of TTI length on the required Tx Ec/Ior.  Target BLER was set to 5% and other simulation assumptions are provided below.

Table 1.

	Information bit rate
	64k, 128k [bps]

	Physical CH
	S-CCPCH

	TTI length 
	20, 80, 160, 320 [ms]

	Propagation condition
	Vehicular-A

	UE velocity
	3km/h

	Geometry
	-6 to 0 dB


Figures 1 and 2 illustrate the dependence of required Tx Ec/Ior on Geometry for various TTI lengths.  As depicted in these figures, gains of 1.5~2 dB are achieved by extending the TTI length from 80 to 320 ms, regardless of Geometry.  Figure 3 extracts the dependence of required Tx Ec/Ior on TTI length with Geometry fixed at –6 dB.  The benefits of extending TTI lengths from the aspect of power conservation are made obvious in this figure.  For instance, even when the bit rate is 64 kbps, applying TTI length of 320 ms reduces the power of a MBMS channel to 15% of the total Node-B transmission power, compared to the 25% when TTI length is 80 ms.
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Figure 1. Required Tx Ec/Ior -vs- Geometry (Data rate=64k)    Figure 2. Required Tx Ec/Ior -vs- Geometry (Data rate=128k) 
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Figure 3. Required Tx Ec/Ior -vs- TTI length (Geometry = -6dB)

3. Discussion 

As revealed by the simulation results, the gains of extending TTI lengths, and therefore obtaining time diversity, beyond 80 ms is significant (1.5~2 dB when extended to 320 ms).  We offer our thoughts concerning this topic below.

UE Complexity

In the MBMS TR [5], it is stated that UE complexity should be minimized.  Since quite an amount of memory would be needed to obtain time diversity gains and impact on UE complexity may not be small, this point needs thorough consideration.  However, as MBMS channels are to carry data rates not so high (e.g. 64 kbps), UE complexity is anticipated to remain at a feasible level.  Furthermore, if Node-B accounts for the UE capabilities existing in its area, impacts on UE complexity may be reduced.  For example, Node-B can select the TTI length so that the quantity, TTI length times data rate, does not exceed the capability, “maximum sum of number of bits of all transport blocks being received at an arbitrary time instant”, of the lowest capable UE.  Considering these points, it would be meaningful and important to explore methods of obtaining gains from time diversity longer than 80 ms.

Time diversity methods

Time diversity gains are thought to be attainable by the following 3 methods.

Method 1:   Extending TTI length

Method 2:   Employing soft combining on the transport blocks, which the Node-B repeatedly transmits, at the UE

Method 3:   Employing outer coding

We have evaluated and presented the effects of the first method in this contribution.  We also plan to evaluate the gains achieved by the latter two methods.  When deciding on which method to apply, factors other than system gains, such as additional UE and UTRAN complexities, should also be considered.

Combining gain by STTD or SHO

Significant system gains due to employing STTD and SHO have been reported [4,6].  However, since STTD and inter-cell synchronization are optional for the network, we should discuss this topic accounting for the case where the network does not assume these options.

4. Conclusion 

This contribution demonstrates the gains brought about by time diversity of over 80 ms by presenting simulation results of extending TTI lengths (method 1) up to 320 ms. The result show gains of 1.5~2 dB by extending TTI length from 80 to 320 ms.

In the future we plan to evaluate gains brought about by other time diversity methods, namely, the employment of soft combining on transport blocks, which Node-B repeatedly transmits, at UEs (method 2) and outer coding (method 3).  When choosing which method to apply (or choosing not to apply any of the methods), impacts on system gain and UE/UTRAN complexities should be considered.
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