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1. Introduction
The working description on LTE coverage enhancements WI in [1] was agreed as follows:

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH

· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP

· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements

In this contribution, Rel-8 TTI bundling operations for TDD are illustrated and considerations on TTI bundling enhancements for UL VoIP and medium data rate PUSCH are provided.

2. R8 TTI Bundling
For TDD, TTI bundling with fixed bundle size of 4 TTI’s can be supported for UL/DL configurations 0, 1 and 6. The mapping between TTI bundled HARQ processes and normal UL HARQ processes in UL/DL configurations 1 and 6 can be shown as Figure 1 and Figure 2. For UL/DL configuration 1, 4 normal UL HARQ processes are replaced by 2 TTI bundled HARQ processes For  UL/DL configuration 6, 6 normal UL HARQ processes are replaced by 3 TTI bundled HARQ processes (Figure 2). The 2 configurations can give full and fixed mapping between normal subframes and bundles.
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Figure 1 TTI Bundled HARQ processes for UL/DL configuration 1 
(2 bundled HARQ processes)
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Figure 2 TTI Bundled HARQ processes for UL/DL configuration 6 

(3 bundled HARQ processes)

For UL/DL configuration 0, the 7 normal HARQ processes can not be fully mapped. The mapping is shown in Figure 3. There are 2 spare UL subframes in ever 14 UL subframes left.
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Figure 3 TTI Bundled HARQ processes for UL/DL configuration 0 

(3 bundled HARQ processes)
3. TTI Bundling Enhancements for VoIP
In contrast to FDD, the coverage improvement for UL VoIP in TDD need more consideration and requires separate analysis for each particular UL/DL configuration. Table 1 analyzes the number of UL subframes used for one VoIP packet with different UL/DL configurations. Limited by packet arrival rate of voice coder, the maximum number of UL subframes possibly used for one VoIP packet is equal to the number of UL subframes in every 20ms. As shown in table 1, actual number of UL subframes used for one VoIP packet within 50ms delay bound is also given. It already take into account the TTI bundling so far been supported in TDD. 

Table 1 TDD analysis with different UL/DL configurations
	UL/DL configuration 
	Bundle size 
	Number of HARQ processes
	Maximum number of HARQ transmissions
	Ideal maximum number of subframes used for one VoIP packet
	Actual  maximum number of subframes used for one VoIP packet

	0 (1:1:3)
	4
	3
	2
	12
	8

	1 (2:1:2)
	4
	2
	2
	8
	8

	2 (3:1:1)
	1
	2
	4
	4
	4

	3 (6:1:3)
	1
	3
	5
	6
	5

	4 (7:1:2)
	1
	2
	4
	4
	4

	5 (8:1:1)
	1
	1
	2
	2
	2

	6 (3:2:5)
	4
	3
	2
	10
	8


Depending on the used UL/DL configurations, the possibly maximum number of UL subframes used for one VoIP packet is in the range from 2 to 12 for TDD, while for FDD it is always 20. For UL/DL configurations 0, 1 and 6 TTI bundling transmission is applied, while for the rest UL/DL configurations a simple single UL subframe transmission is used. In addition, it is not consider RLC segmentation and one VoIP packet corresponds to one HARQ process.
The table has shown that the coverage performances for UL/DL configurations 1, 2, 4 and 5 can be hardly improved by TTI bundling enhancements. These already reached the possibly maximum number of UL subframes stated above. If air-interface latency of 50ms is slightly relaxed, the possibly maximum number of UL subframes can also be utilized for TDD UL/DL configuration 3. Thus, UL/DL configurations 0 and 6 have more potential on TTI bundling improvements. As shown in Figure 4 and Figure 5, the two examples of enhanced TTI bundled HARQ processes for UL/DL configurations 0 and 6 are provided respectively.
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Figure 4 Enhanced TTI Bundled HARQ processes for UL/DL configuration 0

(3 bundled HARQ processes)
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Figure 5 Enhanced TTI Bundled HARQ processes for UL/DL configuration 6 

(3 bundled HARQ processes)

Introducing enhanced TTI bundling mechanism for UL/DL configuration 0 and 6 requires some standardization and implementation efforts such as new bundle size, new RTT and new HARQ timing, as we do in FDD. 
4. TTI Bundling Enhancements for Medium Data Rate PUSCH
It is shown that TTI bundling enhancements to improve coverage for medium data rate PUSCH potentially include at least allocating more than 3 PRBs per subframe in conjunction with TTI bundling. The TTI bundling can also be enhanced by exploring the coding gain for long TB size. However, since TTI bundling mechanism is not supported for UL/DL configurations 2, 3, 4 and 5 in TDD yet, introducing TTI bundling mechanism for UL/DL configurations 2, 3, 4 and 5 should be considered. As shown in Figure 6 to Figure 9, the several examples of TTI bundled HARQ processes for UL/DL configurations 2, 3, 4 and 5 are provided respectively.
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Figure 6 TTI Bundled HARQ processes for UL/DL configuration 2
(2 bundled HARQ processes)
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Figure 7 TTI Bundled HARQ processes for UL/DL configuration 3
(3 bundled HARQ processes)
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Figure 8 TTI Bundled HARQ processes for UL/DL configuration 4
(2 bundled HARQ processes)
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Figure 9 TTI Bundled HARQ processes for UL/DL configuration 5
(2 bundled HARQ processes)
Introducing TTI bundling mechanism for UL/DL configuration 2, 3, 4 and 5 also requires additional standardization and implementation efforts such as new bundle size, new RTT and new HARQ timing.
5. Conclusions
The ongoing RAN1 discussion on TTI bundling enhancements to improve coverage for UL VoIP and medium data rate PUSCH is mainly related to FDD. It is also illustrated that some potential TTI bundling enhancements need to be also applied for UL/DL configurations 0 and 6 in TDD to improve coverage for UL VoIP. In addition, considering TTI bundling to improve coverage for medium data rate PUSCH, TTI bundling should be extended to more TDD UL/DL configurations. Specific bundling size and HARQ RTT should be designed on the basis of the number of HARQ processes for normal transmission.
We propose:
· Consider TTI bundling enhancements for UL/DL configurations 0 and 6 to improve coverage for VoIP.

· Consider TTI bundling to be extended to more TDD UL/DL configurations to improve coverage for medium data rate PUSCH.
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