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1 Introduction

In the coverage enhancement WI [1], TTI bundling enhancement for improving UL VoIP coverage was included. Also TTI bundling extension to more TDD UL/DL configurations is to be decided. In this contribution we investigate what can be improved for each configuration, specifically on the increased number of bundling subframes and the time diversity for UL VoIP. Based on the discussion, if time allows, it is proposed to consider TTI bundling enhancement for TDD in Rel-12.
2 TTI bundling for different UL/DL configurations
In this section, UL VoIP with 20ms periodicity is considered. For UL/DL configuration 0/1/6, the existing scheme means the existing 4 TTI bundling scheme without SPS support. And for other UL/DL configurations, the existing scheme means HARQ transmission without TTI bundling. 

Principles considered for available/used subframes for TTI bundling:

- Aiming for using available UL subframes within 20ms
- relax requirement of around 50ms for each VoIP packet transmission 

- Time diversity should be considered
- SPS transmission impact on HARQ retransmission

UL/DL configuration 0
The existing scheme is as follows:
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Figure 1 Existing TTI bundling scheme of configuration 0
The scheme has the cons of limited 8 subframes for TTI bundling within 50ms delay. 
For coverage enhancement, it is possible to further enhance the available subframes within 50ms delay window or slightly relax the delay beyond 50ms. The following principles are considered for the following enhancement:
- All UL subframes available for TTI bundling

- Maximum 12 subframes can be supported for one packet with TTI bundling within 50ms

- Time diversity is considered
One 4 TTI bundling with 3 processes example is as below:
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Figure 2 An example of enhanced TTI bundling scheme of configuration 0
UL/DL configuration 1

The existing 4 TTI bundling case is as below:
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Figure 3 Existing TTI bundling scheme of configuration 1
From the above figure, each packet a/b/c is transmitted with one retransmission which in total corresponds to 8 subframes. Thus maximum 8 subframes can be supported within 50ms delay window. From the applicable subframe number aspect, there seem no room for enhancement of this configuration. However, the time diversity seems still not well explored with 27ms range time diversity obtained. An example of 2 TTI bundling is considered as below figure, the time diversity obtained can be up to 47ms.
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Figure 4 An example of enhanced TTI bundling scheme of configuration 1
UL/DL configuration 2

The existing scheme without TTI bundling is as below. It can be seen that with 20ms periodicity VoIP transmission, in average each packet has four transmission occasions which means the available maximum subframe number for one packet coverage enhancement is four. Thus the maximum available subframe number can already be supported.  
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Figure 5 Existing TTI bundling scheme of configuration 2 with dynamic scheduling
However, if 20ms periodicity SPS is used, for example from the 2nd retransmission of packet a, they will be blocked by another packet b’s initial transmission and its retransmission. That will limit the available subframe number for one packet. In Rel-8/9/10, a two-interval configuration is supported to resolve this. The following figure shows the SPS transmission with two-interval (25-15-25-15…) configured. It can be seen the maximum 4 subframes can be supported by the existing schemes. So from this aspect there seems no room for TTI bundling extension of this UL/DL configuration.
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Figure 6 Existing TTI bundling scheme of configuration 2 with SPS
However, the time diversity seems not well explored with 31ms time range for the existing schemes. A discontinuous subframe bundling example is shown as below to further enhance the time diversity—up to 46ms.
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Figure 7 An example of enhanced TTI bundling scheme of configuration 2
UL/DL configuration 3

The existing scheme is shown as below figure. It can be seen that within 50ms one packet can have 5 available subframes including retransmission with dynamic scheduling. If the delay requirement can be relaxed a little e.g. from 50ms to 51ms, then 6 subframes can be available which are also the maximum available subframe number within 20ms. 
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Figure 8 Existing TTI bundling scheme of configuration 3 with dynamic scheduling
However, if SPS is supported, one packet’s retransmission may collide with another packet’s retransmissions. That causes 4 available subframes for one packet. The following figure exemplifies that with two-interval SPS configured (21-19-21-19…). The time diversity is 31ms.
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Figure 9 Existing TTI bundling scheme of configuration 3 with SPS
An example of 2 TTI bundling is shown as below to support 6 available subframe within 50ms without considering bundling with SPS. The time diversity can be up to 42/49ms. 
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Figure 10 An example of enhanced TTI bundling scheme of configuration 3
UL/DL configuration 4

The existing scheme can support the maximum 4 subframes transmission within 50ms for one packet without SPS (or with SPS two-interval configured) as shown in below figure. 
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Figure 11 Existing TTI bundling scheme of configuration 3 with dynamic scheduling
However, the time diversity seems not well explored with 31ms time range. A discontinuous subframe bundling example is shown as below to further enhance the time diversity—up to 42ms.
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Figure 12 An example of enhanced TTI bundling scheme of configuration 4
UL/DL configuration 5
It can be observed with or without SPS transmission, each packet has 2 available subframe for transmission which corresponds to the maximum available subframe within 20ms. However, the time diversity seems not well explored with 11ms time range. 
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Figure 13 Existing TTI bundling scheme of configuration 5 with dynamic scheduling
A discontinuous subframe bundling example is shown as below to further enhance the time diversity—up to 51ms.
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Figure 14 An example of enhanced TTI bundling scheme of configuration 5
UL/DL configuration 6

The existing 4 TTI bundling scheme can support 8 subframes transmission for one packet within 50ms. If delay relaxation is considered e.g. up to 56ms, the used subframe number (12) for one packet will exceed the subframe number (10) within 20ms which may cause certain packets loss later.
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Figure 15 Existing TTI bundling scheme of configuration 6 with dynamic scheduling
A 5 TTI bundling with 2 processes example is considered as below to obtain 10 subframes for one packet within 50ms. The time diversity is 17ms which seems not large enough.
[image: image16.emf]5 TTI bundling Packet a Packet b Packet c

UL/DL configuration 6

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

DS U U U DS U U DDS U U U DS U U DDS U U U DS U U DDS U U U DS U U DDS U U U DS U U DDS U U U DS U U D

PHICH

P P P P P P

UL grant

G G G G G G

UL PUSCH

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6


Figure 16 An example of enhanced TTI bundling scheme of configuration 6
A discontinuous 10 TTI bundling with 2 processes example is shown as below. 10 subframes are available for one packet transmission and the time diversity is 36ms.
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Figure 17 An example of enhanced TTI bundling scheme of configuration 6
Observations
With delay requirement of around 50ms, comparing with the maximum available subframe number within 20ms, UL/DL configuration 0, 3, 6 can be further enhanced by bundling more subframes for UL VoIP transmission. When time diversity maximization is considered within around 50ms for one packet transmission, discontinuous subframe bundling can be considered for UL/DL configuration 1, 2, 4, 5, 6.
A comparison table is shown as below for these configurations: 
Table 1 Comparison between existing schemes and enhanced TTI bundling schemes
	
	Existing schemes:

available #subframes / time diversity
	Enhanced TTI bundling schemes:

available #subframes / time diversity

	UL/DL conf. 0
	8 / 28ms or 30 ms
	12 / 46ms.

	UL/DL conf. 1
	8 / 27ms
	8 / 47ms.

	UL/DL conf. 2
	4 / 31ms
	4/ 46ms.

	UL/DL conf. 3
	4 / 31ms
	6 / 42ms or 49ms.

	UL/DL conf. 4
	4 / 31ms
	4 / 42ms

	UL/DL conf. 5
	2 / 11ms
	2 / 51ms (note: delay of 51ms)

	UL/DL conf. 6
	8 / 31ms
	10 / 17 or 36ms


3 Conclusion

In this contribution, supporting enhancement of TDD TTI bundling for UL VoIP transmission is discussed for each UL/DL configuration. With delay requirement of around 50ms, comparing with the maximum available subframe number within 20ms, UL/DL configuration 0, 3, 6 can be further enhanced by bundling more subframes. When time diversity maximization is considered within around 50ms for one packet transmission, discontinuous subframe bundling can be considered further for UL/DL configuration 1, 2, 4, 5, 6. If time allows, it is proposed to consider TTI bundling enhancement for TDD in Rel-12.
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