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1. Introduction
In several recent RAN WG1 meetings, the importance of reducing transmission power for MBMS physical channel has been addressed and different measures have been presented by several companies [1-6, 8]. 

In RAN WG1 #29, we presented simulation results illustrating the effects of TTI length extension as one of the measures[1].  The result show gains of 1.5~2 dB by extending TTI length from 80 to 320 ms.

In this contribution, we show continuous study on TTI length extension. 

Section 2 compares the time diversity gains achieved (i.e. transmission power reduced) as an outcome of extending TTI length and applying outer coding.  Simulation results illustrate that extending TTI length reduces transmission power further.

Section 3 addresses the impact of extending TTI length on specs, UE and UTRAN. .

2. Performance comparison of TTI length extension and Outer coding

2.1. Simulation Assumption

The achieved time diversity gains from extending TTI length and from applying outer codes have been analysed.

Common simulation parameters are given in Table 1.  The Vehicular-A propagation model was employed unlike [LS], which employs Case 1 model (3 paths, equal power), since we believe it is more realistic. Furthermore, 3 km/hr was chosen for UE velocity as more transmission power is required  for UEs with lower speeds. 

Same simulation conditions as [7] were used for the outer coding case.

STTD was set OFF, since they are network options.

Table 1. Simulation assumption

	Information bit rate
	64kbps

	Physical CH
	S-CCPCH

	TrBLK size
	<w/o outer coding>

1280 bits

<w. outer coding>

1752 bits

	Propagation condition
	Vehicular-A

	UE velocity
	3km/h

	Geometry
	-6 to 0 dB

	TTI length
	<w/o outer coding>

20, 80, 160, 320 (ms)

<w outer coding>

20 (ms)

	Outer coding unit 
	20 ms

	Outer coding scheme
	RS coding (15, 11)

	STTD
	Not applied

	SHO
	Not applied


Table 2. 1st Interleaving Pattern

	TTI

[ms]
	Number of columns C1
	Inter-column permutation patterns

<P1C1(0), P1C1(1), … , P1C1(C1-1)>

	10
	1
	<0>

	20
	2
	<0,1>

	40
	4
	<0,2,1,3>

	80
	8
	<0,4,2,6,1,5,3,7>

	160
	16
	<0,8,4,12,2,10,6,14,1,9,5,13,3,11,7,15>

	320
	32
	<0,16,8,24,4,20,12,28,2,18,10,26,6,22,14,30,1,17,9,25,5,21,13,29,3,19,11,27,7,23,15,31>


2.2. Simulation Results

In Figure 1, Required Tx Ec/Ior vs Geometry are plotted for various cases with Target BLER set at 1%.

As shown in the figure, gains of applying outer coding over 300 ms (15 * 20 ms TTI) is comparable to gains of extending TTI length to 80 ms.

Therefore, we conclude , obtaining time diversity gains, that extending TTI length is more effective .
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Fig. 1 : Required Tx Ec/Ior vs. Geometry (64kbps, vehicular-A, 3km/h)
3. Impact of extending TTI length more than 80 [ms] 

This section describes impact of TTI length extension on specs, UE and UTRAN. 

3.1. Specifications

Followings are items to be added in specifications which we have identified. 

<Layer 1>

In TS25.212, 1st Interleaving pattern for TTI lengths of 160[ms] and 320[ms] shall be added. 

<Layer 2 specifications>

None

<Layer 3>

In TS25.331 and TS25.433，TTI values of 160[ms] and 320[ms] shall be added to the IE “Transmission Time Interval” in semi-satic TF information. 

3.2. UE Complexity

The main concern for extending TTI length  is UE buffer size．However, if we assume that UTRAN selects available TTI length taking UE capability and service data rate into account, it is not necessarily a problem[Qualcomm, Effect of UE capability]．

Table 3 shows maximum transport channel data rate for each TTI length for 384kbps reference class as an example. Note that these limitations come from ”Maximum sum of number of bits of turbo coded transport blocks being received at an arbitrary time instant” in UE capability parameters. In this case, for example, TTI length of 160[ms] can be chosen for 32kbps channel, which results in saving transmission power resource without any impact on UE memory size. 

Maximum Transport channel data rate for 384kbps reference class

	TTI length  [ms]
	Max.  TrCH data rate [bps]

	10
	640k

	20
	320k

	80
	80k

	160
	40k

	320
	20k


In addition, 1st interleaving pattern for  more than 80 ms shall be supported by UE as described in previous subsection. 

3.3. Network Complexity

1st interleaving pattern for more than 80 ms shall be supported by Node-B as described in previous subsection.

4. Conclusion 

In this contribution we studied the performances of TTI length extension beyond 80[ms] as a continuous effort.
Section 2 compares the time diversity gains achieved (i.e. transmission power reduced) as an outcome of extending TTI length and applying outer coding. The results show that, in obtaining time diversity gains, extending TTI length is more effective. 
In addition, impacts of TTI length extension are described. Main impact is to support additional 1st interleaving pattern,  

In conclusion, we propose that WG1 consider extending TTI length beyond 80 ms for MBMS. 
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