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1 Introduction

TTI bundling which is an important feature for coverage extension is currently supported for only part of TDD configurations. Since TDD should be designed as efficiently as FDD, we believe it is better to remove such restriction as much as possible.
2 Discussion 
Out of 7 TDD UL-DL configurations in Table 1, only configuration 0, 1 and 6 support TTI bundling. This is because they provide a larger number of UL subframes for TTI bundling operation comparing to the remaining TDD UL-DL configurations.
Table 1: TDD UL-DL Configurations supporting or not supporting TTI bundling
	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


However, in real deployment perspective it is questionable whether we can exclude configuration 3 (3 UL subframes per 10 ms) and configuration 2 & 4 (2 UL subframes per 10 ms) from TTI bundling operation, which will severely limit uplink coverage comparing to other configurations. 
Table 2 shows simulation results evaluating how much coverage extension a TTI bundling mechanism provides in TDD (and in FDD).
Table 2: Achieved coverage extension from TTI bundling for FDD and TDD.
	
	FDD
	TDD

	
	Msg 3
	Bundling (VoIP packet transmission)
	Msg 3
	No bundling (VoIP packet transmission)

	Coverage (in distance)
	995 m
	915 m
	995 m
	595 m

	Coverage (in area)
	100 %
	84.6 %
	100 %
	35.8 %

	2.5GHz, 10MHz bandwidth, 2Rx
Ped-B 3km/h
Pathloss model : COST-231 modified HATA, urban
Penetration loss 15 dB


It is noted that
· The simulation is performed for FDD and TDD. For FDD, TTI bundling is applied. For TDD TTI bundling is not applied.
· As seen in the coverage of message 3, the difference between FDD and TDD seems very small. Hence even though the comparison between ‘with bundling’ and ‘w/o bundling’ is not for the same mode, it would still provide useful information.
· From the simulation results, VoIP coverage is seriously degraded if TTI bundling is not applied.

· In the simulation, the maximum number of HARQ retransmissions is 4
· For TDD, VoIP coverage of TDD UL-DL configurations not supporting TTI bundling is only 42% (=35.8 % /84.6 %) compared to that of TDD UL-DL configurations supporting TTI bundling.  
3 Conclusions 
This contribution considered extensions of TTI bundling to additional TDD UL-DL configurations. The current restriction on TDD UL-DL configurations is based on the Rel-8 gain evaluation for the HARQ RTT timing that can be shortened for some TDD UL-DL configurations. Hence, the gain should be re-evaluated based on the reconsideration on timing and bundle size. Therefore, the following is proposed
Proposal: TTI bundling is supported for TDD UL-DL configurations 2, 3, and 4. 
Annex 1. Simulation assumptions
<FDD>

	Assumption
	　
	Msg 3
	VoIP (12.2 kbps)

	Used resource blocks
	value
	1
	2

	MCS
	　
	4
	10

	TB size
	bits
	56
	328

	Maximum number of HARQ TX
	
	4
	4

	UE - Tx Parameters
	　
	　
	　

	UE output power
	dBm
	23.0
	23.0

	Power per resource block
	dBm
	23.0
	20.0

	UE antenna gain
	dBi
	0 
	0 

	EIRP per resource block
	dBm
	23.0
	20.0

	BS - Rx Parameters
	　
	　
	　

	Thermal noise density
	dBm/Hz
	-174.0 
	-174.0 

	Noise bandwidth
	dB-Hz
	52.6 
	52.6 

	Thermal noise power
	dBm
	-121.4 
	-121.4 

	BS noise factor
	dB
	3.0 
	3.0 

	Rx noise floor
	dBm
	-118.4 
	-118.4 

	Required SNR
	dB
	-4.3
	-6.1

	Rx sensitivity
	dBm
	-122.7 
	-124.5 

	BS antenna gain
	dBi
	17.0 
	17.0 

	BS feeder + jumper losses
	dB
	0.5 
	0.5 

	Max pathloss unloaded
	dBm
	162.2 
	161.0 

	Interference margin
	dB
	4.4 
	4.4 

	Fading margin
	dB
	5.4 
	5.4 

	Handover gain
	dB
	3.6 
	3.5 

	MAPL – outdoor
	dB
	156.0 
	154.7 


<TDD>

	Assumption
	　
	Msg 3
	VoIP (12.2 kbps)

	Used resource blocks
	value
	1
	2

	MCS
	　
	4
	10

	TB size
	bits
	56
	328

	Maximum number of HARQ TX
	
	4
	4

	UE - Tx Parameters
	　
	　
	　

	UE output power
	dBm
	23.0
	23.0

	Power per resource block
	dBm
	23.0
	20.0

	UE antenna gain
	dBi
	0 
	0 

	EIRP per resource block
	dBm
	23.0
	20.0

	BS - Rx Parameters
	　
	　
	　

	Thermal noise density
	dBm/Hz
	-174.0 
	-174.0 

	Noise bandwidth
	dB-Hz
	52.6 
	52.6 

	Thermal noise power
	dBm
	-121.4 
	-121.4 

	BS noise factor
	dB
	3.0 
	3.0 

	Rx noise floor
	dBm
	-118.4 
	-118.4 

	Required SNR
	dB
	-4.3
	0.4

	Rx sensitivity
	dBm
	-122.7 
	-118.0 

	BS antenna gain
	dBi
	17.0 
	17.0 

	BS feeder + jumper losses
	dB
	0.5 
	0.5 

	Max pathloss unloaded
	dBm
	162.2 
	154.5 

	Interference margin
	dB
	4.4 
	4.4 

	Fading margin
	dB
	5.4 
	5.4 

	Handover gain
	dB
	3.6 
	3.5 

	MAPL – outdoor
	dB
	156.0 
	148.2 
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