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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, TTI bundling enhancement for different TDD UL/DL configurations are further discussed based on [2]. Some initial performance evaluations are also provided. It is proposed to consider TTI bundling enhancement among TDD UL/DL configuration 0, 3, 6 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. For UL/DL configuration 2/3, the existing SPS transmission without TTI bundling is discussed as well.
As discussed in [2], the following principles are considered for TTI bundling:
· The used max subframe number for one packet depends on available UL subframes within 20ms

· Each VoIP packet transmission is limited to around 50ms delay requirement

· Time diversity can be considered
2.1 UL/DL configurations 0, 1, 6
Based on the principles in section 2, UL/DL configurations 0 and 6 are expected to have relative large gains when enhanced due to more available subframes and enlarged time diversity. And UL/DL configuration 1 is expected to have relative small gains when enhanced due to no more available subframes but just with enlarged time diversity.
UL/DL configuration 0
The existing scheme is shown as figure 1. The TTI bundling size is 4, the continuous 4 subframes with the same colour means the bundled 4 TTI. Different colour means different HARQ processes. The number (1/2/3/4/5/6/7) in the “UL PUSCH” row means the Rel-8/9/10 UL HARQ process number. 
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Figure 1. Existing TTI bundling scheme of configuration 0, not all subframes used
It can be seen there are 12 UL subframes within 20ms period. When 2 HARQ retransmissions are used for each packet, the delay for certain packet can be more than 70ms. Thus 1 HARQ retransmission is assumed here for each packet. Then the existing scheme has the cons of only 8 subframes for each packet transmission within 50ms delay. And the time diversity is 28/30ms. Both the available subframe number and the time diversity can be improved. One enhanced scheme is shown in figure 2. In contrast to the existing scheme that some subframes (corresponding to the subframes with process number 6/7 without colour) not used, the enhanced scheme uses all the subframes that can be used. Thereby allowing more complete repetitions within the around 50ms window. And the TTI bundling size is still 4 and the HARQ process number is still 3 which don’t require spec modification. For each packet transmission the available subframe number is increased to 12 including initial transmission and two retransmissions. The time diversity is enlarged to 46ms.
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Figure 2. An example of enhanced TTI bundling scheme of configuration 0, all subframes used
A performance evaluation is given in the appendix figure 17 which shows the enhanced 4 TTI scheme has performance gain about 2.3dB than the existing scheme.
UL/DL configuration 1

The existing 4 TTI bundling case is shown as figure 3. The TTI bundling size is 4, the continuous 4 subframes with the same colour means the bundled 4 TTI. Different colour means different HARQ processes.
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Figure 3. Existing TTI bundling scheme of configuration 1
In figure 3, each packet a/b/c is transmitted with one retransmission which in total corresponds to 8 subframes. Thus maximum 8 subframes for each packet transmission can be supported within 50ms. 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 enhanced 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 6

The existing scheme for configuration 6 is shown in figure 5. The TTI bundling size is 4 and the continuous 4 subframes with the same colour means the bundled 4 TTI. Different colour means different HARQ processes. The existing 4 TTI bundling scheme in figure 5 can support 8 subframes with one HARQ retransmission for each packet transmission within 50ms. The time diversity is 31ms. If delay relaxation is considered e.g. up to 66ms, 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 5. Existing TTI bundling scheme of configuration 6 with dynamic scheduling
An enhanced scheme is shown in figure 6. The TTI bundling size is 2 and the HARQ process number is 3. In contrast to the existing scheme that the available subframe number is 8 and the time diversity is 31ms for each packet, in the enhanced scheme, the available subframes for each packet are increased to 10 (four HARQ retransmissions) and are uniformly distributed within 51ms. The time diversity is enlarged to 51ms.
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Figure 6. An example of enhanced 2 TTI bundling scheme of configuration 6
A performance evaluation is given in the appendix figure 19 which shows the enhanced 2 TTI bundling scheme has performance gain of 2.2 dB than the existing scheme. 
2.2 UL/DL configurations 2, 3, 4, 5
Based on the principles given in section 2, UL/DL configuration 3 is expected to have relative large gains when enhanced due to more available subframes and enlarged time diversity compared to the existing scheme with semi-persistent scheduling. And UL/DL configurations 2/4/5 are expected to have relative small gains when enhanced due to no more available subframes and only with enlarged time diversity. 
UL/DL configuration 2

The existing scheme without TTI bundling is as below figure 7. Different colour means different processes. It can be seen that with 20ms periodicity VoIP transmission, in average each packet has four transmission occasions (including initial transmission and retransmission) which means the available maximum subframe number for one packet is four. Thus the maximum available subframe number can already be supported.  
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Figure 7. 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 8. 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 in figure 9 to further enhance the time diversity—up to 46ms. The TTI bundling size is four, 4 discontinuous subframes with the same colour composes one bundling. Different colour means different HARQ processes.
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Figure 9. An example of enhanced TTI bundling scheme of configuration 2
UL/DL configuration 3

The existing scheme is shown as below figure 10. TTI bundling is not yet supported for this configuration. It can be seen that within 50ms each packet can have 5 available subframes including retransmission with dynamic scheduling. When the delay requirement is 53ms, 6 subframes can be available which equal to the maximum available subframe number within 20ms. 
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Figure 10. 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 11. Existing TTI bundling scheme of configuration 3 with SPS
An enhanced scheme is shown in figure 12. The TTI bundling size is 2 and the HARQ process number is 3.  In contrast to the existing scheme with SPS that the available subframe number is 4 and the time diversity is 31ms for each packet. In the enhanced scheme, 6 available subframes can be supported for each packet transmission within around 50ms. The time diversity can be up to 42/49ms. 
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Figure 12. An example of enhanced TTI bundling scheme of configuration 3
A performance evaluation is given in the appendix figure 18 which shows the enhanced 2 TTI bundling scheme has gain of 1.8dB than the existing SPS scheme.

UL/DL configuration 4

The existing scheme is shown in figure 13. TTI bundling is not supported yet. It can support 4 available subframes for each packet transmission without SPS (or with SPS two-interval configured) which equals to the maximum available subframes within 20ms. The time diversity is 31ms.
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Figure 13. Existing TTI bundling scheme of configuration 3 with dynamic scheduling
An enhanced scheme is shown in figure 14. The TTI bundling size is 4 and 4 discontinuous subframes with the same colour composes one bundling. Different colour means different HARQ processes. The time diversity can be increased to 42ms.
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Figure 14. An example of enhanced TTI bundling scheme of configuration 4
UL/DL configuration 5
The existing scheme as shown in figure 15 can support 2 available subframes for each packet transmission which corresponds to the maximum available subframes within 20ms. However, the time diversity seems not well explored with 11ms time range. 
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Figure 15. Existing TTI bundling scheme of configuration 5 with dynamic scheduling
An enhanced scheme is shown in figure 16. The TTI bundling size is 2 and 2 discontinuous subframes with the same colour composes one bundling. Different colour means different HARQ processes. The time diversity can be increased to 51ms.
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Figure 16. An example of enhanced TTI bundling scheme of configuration 5
Observations
With delay requirement of around 50ms, UL/DL configuration 0, 3, 6 have relative large performance gain due to both increased subframes used and enlarged time diversity. And UL/DL configuration 1, 2, 4, 5 are expected to have relative small performance gain due to no more available subframes.

A comparison table on the max available subframes and time diversity is shown as below for all the 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 (SPS)
	6 / 42ms or 49ms

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

	UL/DL conf. 5
	2 / 11ms
	2 / 51ms 

	UL/DL conf. 6
	8 / 31ms
	10 / 51ms


The performance for enhanced UL/DL configurations 0, 3, 6 is summarized as below:

Table 2. Performance of enhanced configurations 0/3/6
	
	Existing scheme “bundling#, process#, tx#”
/Enhanced scheme: “bundling#, process#, tx#”
	Gain from enhanced schemes (dB)

	UL/DL conf. 0
	4, 3, 2. Some subframes not used.
/ 4, 3, 3. All subframes used.
	2.3

	UL/DL conf. 3
	1, 3, 4. Semi-persistent scheduling.
/ 2, 3, 3  
	1.8

	UL/DL conf. 6
	4, 3, 2

/ 2, 3, 5
	2.2


Note: “#” means number and “tx” means transmission.
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, UL/DL configuration 0, 3, 6 have relative large performance gain due to both increased subframes used and enlarged time diversity. And UL/DL configuration 1, 2, 4, 5 are expected to have relative small performance gain due to no more available subframes. It is proposed to consider TTI bundling enhancement among TDD UL/DL configuration 0, 3, 6 in Rel-12. 
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Appendix
Table 3. Simulation assumptions for UL VoIP for TDD
	Parameters
	Values

	System bandwidth
	20 MHz

	Carrier frequency
	2GHz

	Channel model
	EPA

	Mobile speed
	3km/h

	Channel estimation
	Realistic

	Frequency hopping
	No

	HARQ RV
	0, 2, 3, 1…

	PRB allocation
	3

	AMR rate
	12.2kbps (TBS=328 bits)

	Modulation scheme
	QPSK


DL/UL configuration 0

At 2% residual BLER, the enhanced scheme has around 2.3dB gain than the existing scheme as discussed in section 2.1.

Existing scheme: 4 TTI bundling, 3 processes, 2 tx. Not all subframes used.
Enhanced scheme: 4 TTI bundling, 3 processes, 3 tx. All subframes used.
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Figure 17. TTI bundling enhancement for configuration 0
DL/UL configuration 3

At 2% residual BLER, the enhanced scheme has around 1.8dB gain than the existing scheme as discussed in section 2.2.
Existing scheme: no TTI bundling, 3 processes, 4 tx. Semi-persistent scheduling.
Enhanced scheme: 2 TTI bundling, 3 processes, 3 tx. 
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Figure 18. TTI bundling enhancement for configuration 3
DL/UL configuration 6

At 2% residual BLER, the enhanced scheme has around 2.2dB gain than the existing scheme as discussed in section 2.1.
Existing scheme: 4 TTI bundling, 3 processes, 2 tx. 

Enhanced scheme: 2 TTI bundling, 3 processes, 5 tx.
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Figure 19. TTI bundling enhancement for configuration 6











































































