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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 coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details

This contribution discusses the need to extend coverage enhancement to more UL-DL configurations and the possible solutions in details with evaluation results.

2. Deployment scenarios that need coverage enhancements
With the fast deployment of LTE system, voice over LTE is expected to be one of the main applications that operators want to push in the near future. On the other hand, medium size traffic becomes more and more popular including not only the legacy web browsing traffic but also OTT (over the top) traffic. So it is important to study the coverage enhancement for VoIP and medium size traffic.
There are 7 different UL-DL configurations that have been agreed in the current LTE standard [2]. 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.
In the practical LTE TDD network deployment, it is possible that another TDD system, e.g. TD-SCDMA is deployed at the same band with the LTE system, e.g. F band. And according to [3], TD-SCDMA configuration 5DL/2UL is widely used in the current running system. To avoid bringing additional interference to the TD-SCDMA system, the LTE eNB will select UL-DL configuration #2. In addition, according to the view of [4], currently configuration #1 (D:U=2:2) and configuration #2 (D:U=3:1) are important in LTE TDD deployments. However, configuration #2 does not support TTI bundling in current specification.
Observation 1: Configuration #2 should be given high priority for coverage discussion. And if there is a common solution, coverage enhancement for configuration #3, #4, #5 could be agreed.

3. Detailed solutions to extend TTI bundling to configurations #2, #3, #4, and #5
3.1 Design principles

It has been argued by many companies that the gain of TTI bundling for configurations #2 - #5 for TDD system should be at the same level of FDD system, say 1 dB gain. Otherwise, it is not so interesting to introduce it to these configurations. So the first principle is that the bundling gain of the candidate schemes should be high enough to work on.

In addition, the extension of TTI bundling will inevitably introduce the standardization efforts. So the simple schemes are preferred, especially for those designs that can follow the previous agreed solutions. 
3.2 Solution 1: Changing the bundling size
It is possible to change the bundling size from 4 to 3 for configuration #3 [5]. The gain is about 0.9 dB according to the evaluation. However, the bundling size is 2 for configuration #2 and #4, and no bundling for configuration 5. The details are shown in Fig. 2-5.  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.
It can be observed that there is no additional energy accumulation for configurations #2 and #4. Then changing the bundling size for these configurations does not bring additional gain.
3.3 Solution 2: Extending UpPTS for TTI bundling
Another solution is to increase the symbols in UpPTS for PUSCH transmission. Currently, UpPTS only contains 1 or 2 symbols for PRACH and SRS transmission. But if we reduce the length of GP and allocate more symbols for UpPTS, TTI bundling could be carried out between special subframe and the normal subframe.
Fig.1 shows TD-SCDMA and TDD configuration 2 co-existence scenario. We change the special subframe configuration #5 (3:9:2) to a new configuration (3:5:6), so UpPTS is extended to 6 symbols. This extension is only an example. Actually it is possible to allocate less than 6 symbols and leave more symbols for GP. By enabling UpPTS for PUSCH transmission, TTI bundling could be carried out for configuration #2 - #5 as they are shown in Fig. 2 - 5. For example, for configuration #2, it is possible to bundling 4 TTI in a frame. Then the accumulated energy is obviously increased.
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Figure 1, TD-SCDMA and TDD configuration #2 co-existence (UpPTS includes 6 symbols)
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Figure 2, TTI bundling for configuration #2
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Figure 3, TTI bundling for configuration 3

[image: image4.png][UL-DL configuration 4

Duration Radio frame 71 Radio frame #n+1 Radio frame #n-2 Radio frame #n+3 Radio frame #n-4
. o[1]2]3]<]s]s 2[3]«]s]s6 HEREGE HEOED oloi2]3]«]s]6]7
o[s[u]ulo]p[p ulu]p[o[o ulu[p[o[o]o ulu[o[o]s]o]p[p[ps[u]ulp]p]n]p

No TTI bundling

2 TT1 bundling

3 TT1 bundling





Figure 4, TTI bundling for configuration 4
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Figure 5, TTI bundling for configuration 5

3.3 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 #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. Then the standardization effort should be acceptable.
3.4 Evaluation results

3.4.1 Expected gain

We compare the expected gain of solution 1 and 2 for configuration #2, #3, #4 and #5. The expected gain is defined as the energy accumulation compared with Rel.8 in terms of dB. As for the special subframe, 6 symbols are used for packet transmission, so we count it as 0.43 packet energy. The calculated result is shown in Table 1.

Table 1, TTI bundling gain for solution 1 and 2 (calculation)
	Configuration
	Solution 1 (dB)
	Solution 2 (dB)

	2
	0
	1.55

	3
	0.79
	1.37

	4
	0
	0.85

	5
	N/A
	1.55


3.4.2 Link level simulation results
We carried out link level simulation to study the gain of TTI bundling for configuration #2, #3, #4 and #5. The detailed simulation assumption is shown in the appendix. The r-BLER works as the metric for comparison. 
As is shown in Fig.6, 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.
The simulation results for configuration #3, #4 and #5 are shown in Fig. 7-9. Table 2 gives a summary. From the results we could observe,

Observation 2: Extending UpPTS for TTI bundling could provide a common solution for configuration #2, #3, #4 and #5. The gain is in the same level of TTI bundling for FDD system.
Based on the above analysis, we propose,

Proposal 1: Consider to improve UpPTS for TTI bundling.
Proposal 2: Consider to extend coverage enhancement to UL-DL configurations #2, #3, #4 and #5.
Table 2, TTI bundling gain for solution 1 and 2 (simulation)

	Configuration
	Solution 1 (dB)
	Solution 2, 6 symbols in UpPTS (dB)

	2
	0
	1.6

	3
	0.35 (20ms RTT)

0.8 (30ms RTT)
	1.0 (20ms RTT)
1.4 (30ms RTT)

	4
	0.2
	0.9

	5
	N/A
	1.9
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Figure 6, r-BLER performance for configuration #2
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Figure 7, r-BLER performance for configuration #3
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Figure 8, r-BLER performance for configuration #4
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Figure 9, r-BLER performance for configuration #5
4. Conclusion 
This contribution analyzes the possible scenarios for TTI bundling and detailed solutions. We find,

Observation 1: Configuration #2 should be given high priority for coverage discussion. And a common solution for all the configurations is preferred to save the standardization effort.
Observation 2: Extending UpPTS for TTI bundling could provide a common solution for configuration #2, #3, #4 and #5. The gain is in the same level of TTI bundling for FDD system.
So we propose,
Proposal 1: Consider to improve UpPTS for TTI bundling.

Proposal 2: Consider to extend coverage enhancement to UL-DL configurations #2, #3, #4 and #5.
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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 

	PRB 
	3 

	TBS 
	328bit 

	MCS 
	I_TBS=7, QPSK 
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