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1. Introduction 
In RAN1 #74b, the issue of whether to extend TTI bundling to more TDD UL-DL configurations was discussed. And a way forward was proposed by 10 co-sourcing companies [1]. But no conclusion was made. It has been agreed to continue the discussion and focus on,
· Whether or not further enhancement for configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain

· If so, details

This contribution discusses the need to extend coverage enhancement for configuration #0, #1, #6 and the possible solutions in details.

2. Deployment scenarios that need coverage enhancements
Whether TTI bundling or the related enhancement should be introduced to more TDD UL-DL configurations, the first thing to consider is whether there are practical scenarios that need such improvement. Otherwise, there is no incentive to change current specifications.

From the practical network deployment point of view, configurations #1 and #2 have been widely used in LTE TDD networks. It is not only because these configurations reflect the common traffic characteristics, but they can work with other TDD networks [2] [3], e.g. configuration #1 (2:2 DL/UL ratio) must be used for LTE and WiMAX coexistence scenario. And for LTE TDD and TD-SCDMA networks coexistence in band #39, UL-DL configuration #2 (3:1 DL/UL ratio) is used to avoid the UL-DL interference. Based on these considerations, we propose,
Proposal 1: Configurations #1 and #2 should be given high priority for coverage enhancement discussion.
3. Potential solutions for configurations #0, #1, and #6

3.1 Configuration #0

For Configuration #0, Rel.8 supports 4 TTI bundling [4]. If the number of HARQ process is reduced from 3 to 2, there will be additional uplink subframes left for TTI bundling. Then the bundling size becomes 6. If we increase UpPTS symbols and use it also for TTI bundling, the bundling size could be further increased to 8. The detail of using UpPTS for TTI bundling is shown in a companion contribution [5].  
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Figure 1, TTI bundling operation for configuration #0 

Fig. 1 shows the different TTI bundling options for configuration #0. In this figure, HARQ processes are differentiated by the colors of the bundles and the numbering of the UL data refers to the VoIP packets.
And Fig.2 gives the link level simulation results. The r-BLER works as the metric for comparison. As expected, Rel.8 4 TTI bundling could provide about 1.9 dB coverage gain. By changing the bundling size to 6, the gain over 4 TTI bundling is about 1.4 dB. When we use UpPTS for TTI bundling and the number of symbols in UpPTS is 6, the TTI bundling size becomes 8. Its gain over 4 TTI bundling is about 2.2 dB.
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Figure 2, r-BLER performance for configuration #0
3.2 Configuration #1
For configuration #1, when TTI bundling is enabled, the number of HARQ process is 2. There is no additional normal uplink TTI that could be used to increase the bundling size in a HARQ process. The only way to accumulate transmission energy is to apply UpPTS in the special subframe for TTI bundling. Then the bundling size could be changed from 4 to 6.

Another solution is to increasing the RTT so that the time diversity gain can be obtained. Fig. 3 shows the TTI bundling operation when RTT is 20ms. Fig.4 shows the case when RTT is extended to 30ms. And Fig.5 gives the link level performance of each scheme. We could find that by changing the RTT to 30ms, the gain is about 0.2 dB. And the gain of 6 TTI bundling over 4 TTI bundling is about 0.8 dB.
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Figure 3, TTI bundling operation for configuration #1 with RTT=20ms
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Figure 4, TTI bundling operation for configuration #1 with RTT=30ms
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Figure 5, r-BLER performance for configuration #1

3.3 Configuration #6
For configuration #6, it is similar as configuration #0 that when TTI bundling is enabled, the number of HARQ process could be changed from 3 to 2. Additional PUSCH subframe can be used for TTI bundling. The bundling size could be changed from 4 to 5. If UpPTS can be used for TTI bundling, the bundling size becomes 7.
Fig. 6 shows the TTI bundling operation and Fig.7 gives the link level simulation results. By extending the bundling size from 4 to 5, the gain is about 1 dB. When UpPTS is used, the bundling size becomes 7 and the gain over 4 TTI bundling is about 1.5 dB.
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Figure 6, TTI bundling operation for Configuration #6 
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Figure 7, r-BLER performance for configuration #6
3.4 Summary of the coverage gain

Table 1 shows a summary of the gain of new schemes over Rel.8 4 TTI bundling.  We could find,
Observation1: Changing the TTI bundling size could provide significant gain for Configuration #0, #1 and #6. 
Observation2: Increasing the RTT for TTI bundling could provide marginal gain.

Observation3: UpPTS for TTI bundling could provide significant gain for all TDD configurations.

So we propose,

Proposal2: Consider to improve UpPTS for TTI bundling.
Table 1, Coverage gain of new schemes over Rel.8 4 TTI bundling
	Configuration
	Solution 1 
	Solution 2 (dB)

	0
	1.4 dB (6 TTI bundling)
	2.2 dB (8 TTI bundling)

	1
	0.2 dB (4 TTI bundling 30ms RTT)
	0.8 dB (6 TTI bundling)

	6
	1.0 dB (5 TTI bundling)
	1.5 dB (7 TTI bundling)


3.5 Standard impact

Extending UpPTS for TTI bundling will introduce specification effort. But the design could follow the introduction of special subframe configuration #9. And HARQ timing should be changed for these UL-DL configurations if TTI bundling is enabled. They can also follow the design principals of the configurations #0, #1, and #6. Since configuration #0, #1 #6 have already supported subframe bundling in Rel.8, new parameter other than ttiBundling provided by high layers is needed to inform the UE to use new bundling scheme. 
4. Conclusion 
This contribution analyzes the possible scenarios for TTI bundling for configuration #0, #1, #6. We find,

Observation1: Changing the TTI bundling size could provide significant gain for Configuration #0, #1 and #6. 
Observation2: Increasing the RTT for TTI bundling could provide marginal gain.

Observation3: UpPTS for TTI bundling could provide significant gain for all TDD configurations.

Then, we propose,

Proposal 1: Configurations #1 and #2 should be given high priority for coverage enhancement discussion.

Proposal2: Consider to improve UpPTS for TTI bundling
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Appendix: simulation assumptions
	Parameter 
	Assumptions used for simulation 

	Bandwidth 
	10 MHz 

	Carrier Frequency 
	2 GHz 

	Antenna Congiration 
	UL 1*2 SIMO 

	Channel Mode 
	EPA channel 

	Mobile speed 
	3km/h 

	Channel Estimation 
	Ideal 

	Frequency hopping 
	Yes

	HARQ RI 
	Bundling for normal subframe: 0 2 3 1 
Bundling for special subframe : 3 0 1 2 

	Number of symbols for UpPTS 
	6

	PRB 
	3 

	TBS 
	328bit 

	MCS 
	I_TBS=7, QPSK 
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