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1
Introduction
In RAN2 #62, RAN2 agreed that TTI Bundling should be introduced to enhance the uplink coverage in certain scenarios. 

· Alternative 1 (as described in [1]) was selected

· A fixed bundle size was agreed for FDD: fixed size of 4

· For TDD, it is FFS whether we have one fixed bundle size per UL/DL configuration

· For TDD, bundling will not be applicable to UL/DL configuration #5. More UL/DL configurations may be excluded from bundling (FFS).

One LS is sent from RAN2 to RAN1 [2] to check the needs and feasibility of TTI Bundling for TDD. 
In this paper, we compare alternative1 and no bundling for 7 different TDD UL/DL configurations and give our view on above questions. In addition, the system simulation is conducted to verify the bundling performance under different delay budget. 
2
Assumption for TDD TTI bundling design
To simplify and elaborate TDD bundling design, following assumptions are adopted: 1) Only continuous UL TTIs can be in one bundle to avoid large delay (allow DL TTI in between); 2) multiple bundling size per configuration is forbidden to avoid additional complexity; 3) VoIP traffic with agreed delay budget (i.e. 50ms) is considered.
7 specified UL/DL configuration patterns need to be evaluated for the feasibility of TTI bundling. They are listed below and depicted in figure 1 [3]. As to the number of needed H-ARQ processes, we have used the assumption of using the optimum/minimum number of processes as described in [3] in order to reduce the H-ARQ RTT.
Since the TTI bundling is a method to increase the UL coverage, this method is usually deployed only in large cells introduced by the legacy systems site deployment. In large cell deployment scenarios the UL is suffering more and it is natural to have more UL resources in TDD configuration. Thus in some of the TDD configurations, there do not exist natural need for this feature. However in shake of completeness all TDD configurations are listed here.  
Table 1 UL/DL Pattern vs. number of HARQ Processes
	Pattern Index
	Configuration
	Number of HARQ Processes

	0
	1DL: 1ST: 3UL
	7

	1
	2DL: 1ST:2UL
	4

	2
	3DL: 1ST:1UL
	2

	3
	6DL: 1ST:3UL
	3

	4
	7DL: 1ST:2UL
	2

	5
	8DL: 1ST:1UL
	1

	6
	2DL: 1ST:2UL:1DL: 1ST:3UL
	6
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Figure 1 UL/DL Configuration pattern
3   Effectiveness Evaluation for TTI bundling
One key factor to evaluate the effectiveness of TTI bundling is to check how much energy (number of TTI) can be collected within the defined delay budget. The chosen TTI bundling scheme introduce the RTT, which is twice the normal RTT value. The TTI bundling were introduced to keep the voice quality in the coverage limited scenarios thus we have evaluate the energy collection with typical VoIP delay budget. The 50ms delay budget is used in 3GPP LTE VoIP performance evaluation simulations. 
For the TDD configurations 2, 4 and 5, only 2 or 1 UL resource per 10 ms frame are definded. Oviously, these configurations are not motivated for the coverage limited scenarios. Considering of the introduced complexity from TTI bundling, we suggest that TTI bundling should be excluded from those configurations directly. Addtionally, no gain is achieved for those configurations also in terms of energy collection, see tables: 2, 3 and 4.
For configuations 0, 1, 3 and 6, we will evaluate the energy accumulation case by case to check the feasibility of TTI bundling. The results are shown from table 5 to table 8 resepctively. In terms of the best energy collection, we give the following obvervations (See details example in Annex A):  
1) Configuration0

· 4 TTI bundling+3 bundled HARQ processes
2) Configuration1

· 4 TTI bundling+2 bundled HARQ processes
3) Configuration3

· It should be excluded from TTI bundling due to marginal gain.
4)  Configuration6

· 4 TTI bundling+3 bundled HARQ processes
Table 2 Energy collection for TDD Configuration2

	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	4  (most of packets)
	Reference case

	2 TTI Bundling
	2 
	4  (Most of packets)
	· No gain 


Table 3 Energy collection for TDD Configuration4

	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	4  (most of packets)
	Reference case

	2 TTI Bundling
	2 ( or 1)
	4  (Most of packets)
	· No gain 


Table 4 Energy collection for TDD Configuration5

	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	2 (most of packets)
	Reference case

	TTI Bundling
	-
	-
	· Not applicable due to 1 HARQ Channel only 


Table 5 Energy collection for TDD Configuration0
	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	5
	Reference case

	2 TTI Bundling
	7
	6
	· Marginal gain

	3 TTI Bundling
	4
	6
	· Margnal gain 

	4 TTI Bundling
	3
	8
	· 2.0 dB gain


Table 6 Energy collection for TDD Configuration1

	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	5
	Reference case

	2 TTI Bundling
	4
	4&6
	· No gain 

	4 TTI Bundling
	2
	8 (most of packets)
	· 2.0dB gain


Table 7  Energy collection for TDD Configuration3 
	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	5
	Reference case

	3 TTI Bundling
	2
	6 (most of packets)
	· Marginal gain 

	3 TTI Bundling
	1
	6 (most of packets)
	· Marginal gain


Table 8 Energy collection for TDD Configuration6

	Testing Cases
	Number of bundled HARQ Processes
	Number of 
collected TTI per packet in 50ms
	C omments

	No Bundling
	-
	5
	Reference case

	2 TTI Bundling
	6
	4
	· No gain 

	3 TTI Bundling
	4
	6
	· Marginal gain

	4 TTI Bundling
	3
	8
	· 2.0 dB gain


4   Simulation Results
According the analysis made in chapter 3 we see that there could be potential gain from TTI bundling in TDD configurations 0, 1 and 6. To compare the performance between TDD TTI bundling alternative1 and no bundling, we conduct system simulation for AMR 12.2Kbps with HARQ IR (Configuration0 and Configuration1 only with SCM-C channel model). 
The simulation results for Configuration0 and Configuration1 are shown table9. All the users are sorted in terms of pathloss information; part of cell edge users will use TTI bundling (i.e. worst 10% ~30% in terms of pathloss criterion) and rest of the users (i.e. 90% ~70%) will use normal transmission by combining with adaptive transmission bandwidth (1~3 PRBs); Fully dynamic scheduler is being used with the defined scheduling priority, which bundling users have the higher piority. PDCCH usage is derived from wideband SINR and 10 CCEs is assumed for UL scheduling in each DL sub-frame. So configuration0 means tight control channel case, while configuration1 stands for loose control channel case.    
From the results, it clearly shows that it is hard for TTI bundling alternative1 to achieve VoIP capacity with tight and agreed delay budget (i.e. 50ms). 
Table 9VoIP Capacity in different scheme for TDD pattern 0&Pattern1 
(AMR12.2Kbps, SCM-C channel, 10 CCEs, 50ms Delay budget, 3GPP Case3)
	
	
	VoIP Capacity

	Pattern0
	No bundling
	<40

	
	TTI bundling
	<40

	Pattern1
	No bundling
	<40

	
	TTI bundling
	<40


5   Conclusions
In this paper, we first conclude that TTI bundling may have gain for configuration0, configuration1 and configuration6 by pen and paper considering only single packet per delay budget window per user. Secondly, by running system simulations taking multi-users and multi-packets into consideration we can conclude that alternative1 with agreed delay budget (50ms) has no capacity gain compared to no bundling. Additionally there is no clear benchmarking coverage from legacy system, thus it is not obvious motivation for TTI bundling in LTE TDD. So we propose to postpone TTI bundling from TDD in R’8. If we still want to improve coverage for TDD once the clear guidance is available, we could revisit this problem and check it further in R’9. 
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ANNEX-A-Alternative1
Herein we provide detailed descriptions of TTI bundling configurations for TDD configurations 0, 1, 3 and 6 with alternative1 (50ms delay bound).

Configuration 0:
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HARQ Process 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2

Time Length (ms) 0 20 40

No bundling 1 1 2 1 2 1 3 2 1

2 TTI Bundling + 7 Process  1 1 2 2 1 1 3 3 2 2 1 1

3 TTI Bundling + 4 process 1 1 1 1 1 1 2 2 2 3 3

4 TTI Bundling + 3 process 1 1 1 1 1 1 1 1 2 2 2 2 3 3
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Configuration 1:

[image: image5.emf]2DL:1ST:2UL(4 Processes)
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HARQ Process 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Time Length (ms) 0 20 40

No bundling 1 1 1 2 1 2 1 2 3

2 TTI Bundling + 4 process  1 1 1 1 2 2 1 1 2 2

4  TTI Bundling+ 2 process  1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1


[image: image6.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

50 60 70 80 90

2 3 4 2 3 4 3 4 5 3 4 5

3 3 4 4 2 2 3 3 4 4 5 5

2 2 2 2 3 3 3 3 4 4 4 4 3 3 3 3 4 4 4 4


[image: image7.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

100 110 120 130 140

4 5 6 5 6 7 5 6 7 6 7 8 6

4 4 5 5 6 6 7 7 5 5 6 6 7 7 8 8

5 5 5 5 6 6 6 6 5 5 5 5 6 6 6 6 7 7 7 7


Configuration 3:

[image: image8.emf]6DL:1ST:3UL (3 processes)
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HARQ Process 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Time Length (ms) 0 20 40

No bundling 1 1 1 2 1 2 1 2 3

3 TTI Bundling + 1 process 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3 TTI Bundling + 2 process 1 1 1 1 1 1 2 2 2 1 1 1
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Configuration 6:
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HARQ Process 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1

Time Length (ms) 0 20 40

No bundling 1 1 2 1 2 1 3 2 1

2 TTI Bundling + 6 process  1 1 2 2 1 1 3 3 2 2

3  TTI Bundling + 4 process  1 1 1 1 1 1 2 2 2 3 3 3

4  TTI Bundling+ 3 process  1 1 1 1 1 1 1 1 2 2 2 2 3 3 3 3
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ANNEX-B-Simulation Assumption

	Parameter
	Configuration

	Layout
	7 cells, 3-sector with wrap-around layout (21 sectors)

	Antenna pattern 
	Antenna pattern 70 deg (-3 dB) with 20 dB front-to-back ratio

	Standard deviation of slow fading 
	8 dB

	Shadowing correlation between cells / sectors 
	0.5 / 1.0

	eNodeB/UE antenna gain 
	14 dBi / 0 dBi 

	Thermal noise density 
	-174 dBm/Hz 

	Channel model 
	SCM-C

	Traffic model
	AMR-NB 12.2 Kbps
 (40 bytes for normal payload and 15 bytes for SID) 

	Max UE Tx Power
	24dBm

	TTI bundling
	4 bundle for pattern0 and pattern1

	TTI Length
	1 ms 

	UL Pilot overhead 
	12 LBs for data Transmission, no sounding pilot

	Control channel 
	10 CCEs available for UL scheduling per DL sub-frame

	HARQ
	Synchronous HARQ, HARQ IR, ACK/NACK errors = 0% 

	PC scheme
	3GPP Compatible PC

	Frequency band allocation and MCS 
	Assignment of 1-3 RUs for each packets; 

	L2S
	AVI assuming practical FDE receiver and realistic channel estimation 

	Evaluation Criterion
	 5% outage based on user having < 98% of its speech frames delivered successfully within [50] ms.
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