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1. Introduction 
In RAN #71, a new Work Item on Uplink Capacity Enhancements [1] for LTE has been agreed. After that, 256QAM in uplink has been specified in RAN1 meetings. From Q3 2016, the work item shall specify support UL PUSCH in special subframe. The objectives are,

 UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]
· Introduce applicable RF requirements [RAN4]
· Backward compatibility with legacy UEs is maintained

This contribution discusses the issues to support TTI bundling in UpPTS.
2. Scenarios that need TTI bundling in UpPTS
With the fast deployment of LTE system, voice over LTE (VoLTE) has been one of the main applications that operators want to push in the market. But in weak coverage areas, the VoLTE service quality and user experiences are still not satisfying [2].

On the other hand, there are 7 different UL-DL configurations that have been agreed in the current LTE standard. The configuration can be decided by the network based on the traffic status. In LTE Rel-8, TTI bundling has been introduced to improve the cell coverage. It is supported by FDD system and TDD system with UL/DL configurations #0, #1 and #6.
UL/DL configuration #2 is used in about 90% practical TD-LTE networks simply because this configuration matches the characteristics of mobile internet traffic [3]. However, configuration #2 just has 2 normal uplink subframe within 1ms, TTI bundling doesn’t provide enough coverage gain. So TTI bundling is not supported in the legacy LTE specification. But UL support of PUSCH transmission in special subframe will be introduced in LTE Rel-14[1], so TTI bundling with special subframe should be supported to improve the UL coverage.
Proposal 1: TTI bundling with special subframe should be supported to improve the UL coverage.
3. Detailed solutions to extend TTI bundling to configurations #2

Fig.1 shows the TTI bundling by utilizing the UpPTS for UL/DL configuration #2. In HARQ process 0, the 2 uplink subframes and 2 special subframes form a TTI bundle, which definitely increases 2 additional subframes compared with 2 TTI bundling.
Link level simulation has been carried out to study the gain of TTI bundling for configuration #2. The detailed simulation assumption is shown in the appendix. The r-BLER works as the metric for comparison. 

As is shown in Fig.2, 2 TTI bundling does not provide significant gain over Rel-8 no TTI bundling scheme for configuration #2, because it does not accumulate any additional energy. By introducing 6 symbols in UpPTS, the bundling size becomes 4. So the gain is clearly observed as 1.6 dB. Even we reduce the symbols in UpPTS to 4, the gain is still about 1 dB.
We also carried out the simulation for other configurations, and the gain over no TTI bundling is shown in Table 1. We can find that the gain of TTI bundling with special subframe is obvious. 
Observation 1: Extending UpPTS for TTI bundling could provide significant coverage gain 
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Figure 1, TTI bundling for configuration #2
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Figure 2, r-BLER performance for configuration #2

Table 1, Coverage gain of new schemes over Rel-8 no TTI bundling
	Configuration
	TTI bundling using normal subframe
	TTI bundling using normal and special subframe

	0
	1.8 dB
	4 dB (8 TTI bundling)

	1
	2.2 dB (30ms RTT)
	3 dB (6 TTI bundling)

	2
	NA
	1.6 dB (4TTI bundling)

	3
	NA
	1.0 dB (20ms RTT)

1.4 dB (30ms RTT)

	4
	NA
	0.9 dB

	5
	NA
	1.9 dB

	6
	1.8 dB 
	3.3 dB (7 TTI bundling)


3 Standardization impact

Extending UpPTS for TTI bundling will introduce specification effort. The 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 #2, #3, #4, and #5 do not support subframe bundling in Rel-8, the parameter ttiBundling provided by high layers could be reused to configure the terminals to enable TTI bundling for these configurations. Since configurations #0, #1, #6 have supported TTI bundling and are not main configurations used in the practical networks. It is preferred not to change the HARQ timing for these configurations to minimize the specification impact. 
3.1 Number of synchronous UL HARQ processes for TDD

When TTI bundling is enabled for configuration #2, #3, #4, #5, the number of synchronous UL HARQ process becomes 2. Details are shown in Table 2.

Table 2: Changes to TS 36.213 ‘Table 8-1: Number of synchronous UL HARQ processes for TDD’
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	7
	3

	1
	4
	2

	2
	2
	2

	3
	3
	2

	4
	2
	2

	5
	1
	2

	6
	6
	3


The HARQ timing for TTI bundling for configuration #2, #3, #4 and #5 can be further studied.

3.2 Uplink DMRS
When UpPTS is used for PUSCH, the DMRS need to be considered. There are several ways mentioned in [2]. But for TTI bundling operation, a special subframe is always accompanied by a normal uplink subframe. So the demodulation of PUSCH in UpPTS can refer to the channel estimation in the adjacent normal uplink subframe.
4. Conclusion 
This contribution analyzes the possible scenarios for TTI bundling. We find,

Observation1: Extending UpPTS for TTI bundling could provide significant coverage gain.
Then, we propose,

Proposal 1: TTI bundling with special subframe should be supported to improve the UL coverage.
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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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