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1. Introduction
For the coverage enhancements study, significant progress was made during RAN1 with the following agreements [1]

· The coverage improvements for medium data rate PUSCH and UL VoIP should be investigated.

· The minimum gain for consideration of specifying the potential solution is 1 dB for both medium data rate PUSCH and UL VoIP.

· Potential solutions are

· TTI bundling enhancements for medium data rate and VoIP

· Both L1/Higher layer protocols overhead and latency should be considered

· Coverage enhancements are evaluated further based on above listed potential solutions. 

In this contribution, we first briefly review the enhanced TTI bundling schemes for VoIP. Then some preliminary link level simulations are provided. Our initial finding is that for VoIP, >1 dB gain can be achieved via TTI bundling enhancement.
2. TTI Bundling Enhancements for VoIP
Before discussing the TTI bundling enhancement, let us first look Release 8 TTI bundling for VoIP which is illustrated in Fig. 1. Different colors denote different HARQ processes, or in another word, different VoIP packets from upper layers. The grid spacing is 4 ms (4 bundled TTIs). The round trip time is 16 ms. Therefore, depending on the delay tolerance at air interface, the maximum number of HARQ transmissions is 3 if the delay budget is strictly limited to 50 ms, or is 4 if the delay can be relaxed to 52 ms. 


[image: image1.emf]Warning

：

Degerous Delay

Whether or not transmit, depend on system design

20ms 40ms 60ms 0ms


Figure 1 Subframe occupancy in Release 8 TTI bundling
A straightforward way to enhance TTI bundling is to extend the bundling size from 4 to 8, and make them still consecutive in time domain [2]. However, due to the VoIP packet arrival rate of every 20 ms, initial transmission of the second packet would time conflict with the retransmission of the first packet as shown in Fig. 2. The conflict could be resolved by scheduling another resource for the new transmission. The cost of such parallel scheduling can be high. First, the total transmit power is increased if the same decoding performance is required, as the two HARQ processes are overlapped in time. Second, it requires an UL grant to trigger the new HARQ transmission (as different resources are assigned), which defeats the purpose of semi-persistent scheduling to save the control signaling overhead. Third, the UL interference becomes higher if the total transmit power is increased  It is also noted that such time conflict cannot be solved by staggering the initial transmission by 4 ms, e.g., the retransmission of the second packet would still collide with the initial transmission of the third packet as Fig. 2 shows. Fundamentally, 20 is not divisible by 8. Hence, there would be conflict if 8 bundled TTIs are consecutive in time if HARQ retransmission is expected.  
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Figure 2 Consecutive 8-TTI bundling.

Several alternatives of TTI bundling are also proposed in [2]. If the round trip time can be cut to 8 ms, more HARQ retransmissions are possible within the certain delay requirement, e.g., 50 ms, as shown in Fig. 3. Or, 20-TTI bundling is used where a voice packet is encoded and mapped to 20 ms consecutive subframes as Fig. 4 shows. Since the packet arrival rate is 20 ms, no HARQ retransmission would be allowed in this case. To improve the time diversity, the 20-TTI bundling can be time interleaved between the first voice packet and the second voice packet as illustrated in Fig. 5, so the transmission of a voice packet can span across 40 ms, instead of 20 ms. Note that HARQ retransmission is not allowed either in this case.
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Figure 3 4-TTI bundling with reduced round trip time.
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Figure 4 20-TTI bundling, consecutive subframes
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Figure 5 20-TTI bundling, first voice packet and second voice packet are interleaved in time.

In [3], 10-TTI bundling was proposed and the subframe occupancy is shown in Fig. 6. To meet the 50 ms delay budget, only two HARQ transmissions are allowed in this case.
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Figure 6 Subframe occupancy with 10-TTI bundling

It is noted that the above proposed enhancements assume HARQ retransmissions use the same frequency resources as the initial HARQ transmissions. To improve the frequency diversity, different resource blocks could be used for HARQ retransmissions as illustrated in Fig. 7. To reduce the signaling overhead, the random hopping can be applied between retransmissions, so that no UL grant is needed to trigger the adaptive retransmissions. Note that alternatively the slot boundary hopping could be used to achieve the frequency diversity. The drawback of slot boundary hopping is that the demodulation performance would be compromised as the channel in each slot of a subframe has to be estimated independently.  The reduced round trip time is achieved by automatically performing retransmission in even numbers of HARQ transmissions, without waiting for PHICH. Due to the reduced trip time, 5 HARQ transmissions are allowed within 50 ms delay budget in this case.
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Figure 7 4-TTI bundling with reduced round trip time and using different resource blocks for HARQ retransmissions

3.  Link Level Performance Evaluations
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Figure 8 Required SNR for several TTI bundling schemes 
Preliminary link level results are shown in Fig. 8. The simulation assumptions are listed in Table A1 in the appendix. It is observed that by relaxing the delay budget from 50 ms to 52 ms, maximum 4 HARQ transmissions instead of 3 are allowed for Release 8 TTI bundling. At 2% residual BLER, the required SNR is reduced from 0.84 dB to -1.17 dB. With the TTI bundling enhancement as illustrated in Fig. 7, maximum 5 HARQ transmissions are allowed within 50 ms. Consequently, the required SNR is further reduced from -1.17 dB to -2.54 dB. Two factors would contribute such 1.35 dB gain. The first one is more energy accumulation, i.e., from 4 transmissions to 5 transmissions, roughly translated to 0.96 dB potential gain. The other one is the frequency diversity from using different resource blocks for HARQ retransmissions. Frequency diversity seems crucial for slow fading channels such as EPA channel. HARQ statistics details and additional link level results and system level results are shown in the appendix.
4. Conclusions
In this contribution, we briefly reviewed several TTI bundling enhancements for VoIP. Preliminary link level results were provided, with the following observation.
· Compared to Release 8 TTI bundling, more than 1 dB gain can be achieved via TTI bundling enhancement for VoIP.
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Appendix
Table A1 Key assumptions of link level simulations for TTI bundling of VoIP

	Duplex
	LTE FDD

	Bandwidth
	10M

	CP  type
	Normal CP

	Carrier frequency
	2.0G

	Channel model
	SCME,NLOS,EPA,

	UE speed
	3km/h

	Channel estimation
	Real Estimation

	Traffic Type
	AMR 12.2Kbps

	Ant. Config.
	1Tx   2Rx

	Polarization
	Same Polarization

	Link adaption
	No

	MCS level
	Fixed Level 7

	Resource allocation
	Fixed 3RBs

	Resource hopping
	No Intra/Inter-Subframe Hopping 

	HARQ mechanism
	Synchronized

	HARQ feedback
	Ideal, No Error.

	Bundling scheme
	Scheme in Fig. 7

	rBLER
	2%

	Reciever Type
	LMMSE


Table A2 HARQ statistics details
	No Bundling, HARQ_Maximum=4(LTE R8)
	Bundling_Size=4, HARQ_Maximum=3(LTE R8)
	Bundling_Size=4, HARQ_Maximum=4(LTE R8)
	Bundling_Size=4, HARQ_Maximum=5(
Bundling in Fig.7)

	3.70(dB)/2% rBLER
	0.84(dB) /2% rBLER
	-1.17(dB) /2% rBLER
	-2.54(dB) /2% rBLER

	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay

	Tx[1]
	83.2%
	1
	Tx[1]
	86.4%
	4
	Tx[1]
	77.2%
	4
	Tx[1]
	66.6%
	4

	Tx[2]
	10.7%
	9
	Tx[2]
	8.2%
	20
	Tx[2]
	12.3%
	20
	Tx[2]
	20.8%
	12

	Tx[3]
	2.7%
	17
	Tx[3]
	3.4%
	36
	Tx[3]
	5.1%
	36
	Tx[3]
	5.6%
	20

	Tx[4]
	1.4%
	25
	
	
	
	Tx[4]
	3.4%
	52
	Tx[4]
	3.2%
	28

	　
	　
	　
	　
	　
	　
	　
	　
	　
	Tx[5]
	1.8%
	36

	Average Delay
	Average Delay
	Average Delay
	Average Delay

	2.604
	9.152
	6.32
	7.9837


Usually, maximum radio interface delay for VoIP is less than 50ms. In addition, average radio interface delay is also an important performance metric. 

Average Delay above table is defined as followed:
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Eq.1

where, 
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Eq. 2

Table A3 Resoults under Higher Speed

	3km/h(NO Gain and Even Worse)
	30km/h(With Gain 0.7dB)


	Bundling in LTE R8
	 Bundling inFig.7  

Without Frequency Diversity
	Bundling in LTE R8
	Bundling inFig.7 

Without Frequency Diversity 

	2% rBLER
	2% rBLER
	2% rBLER
	2% rBLER

	-1.17(dB)
	-1.10(dB)
	-3.20(dB)
	-3.90(dB)

	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay

	Tx[1]
	77.2%
	4
	Tx[1]
	80.3%
	4
	Tx[1]
	39.5%
	4
	Tx[1]
	31.6%
	4

	Tx[2]
	12.3%
	20
	Tx[2]
	11.4%
	12
	Tx[2]
	33.8%
	20
	Tx[2]
	31.8%
	12

	Tx[3]
	5.1%
	36
	Tx[3]
	3.3%
	20
	Tx[3]
	17.1%
	36
	Tx[3]
	20.2%
	20

	Tx[4]
	3.4%
	52
	Tx[4]
	1.8%
	28
	Tx[4]
	7.6%
	52
	Tx[4]
	10.1%
	28


	　
	　
	　
	Tx[5]
	1.2%
	36
	　
	　
	　
	Tx[5]
	4.3%
	36

	Average Delay
	Average Delay
	Average Delay
	Average Delay

	9.3388
	5.8612
	18.8245
	13.7714

	60km/h(With Gain 0.7dB)
	120km/h(With Gain 0.9dB)

	Bundling in LTE R8
	 Bundling inFig.7 

Without Frequency Diversity
	Bundling in LTE R8
	Bundling inFig.7 

Without Frequency Diversity 

	2% rBLER
	2% rBLER
	2% rBLER
	2% rBLER

	-3.70 (dB)
	-4.40 (dB)
	-4.40 (dB)
	-5.30 (dB)

	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay
	HARQ
	Pro.
	Delay

	Tx[1]
	33.5%
	4
	Tx[1]
	26.6%
	4
	Tx[1]
	25.6%
	4
	Tx[1]
	17.3%
	4

	Tx[2]
	36.3%
	20
	Tx[2]
	32.9%
	12
	Tx[2]
	38.2%
	20
	Tx[2]
	26.2%
	12

	Tx[3]
	20.5%
	36
	Tx[3]
	21.7%
	20
	Tx[3]
	24.3%
	36
	Tx[3]
	24.7%
	20

	Tx[4]
	7.7%
	52
	Tx[4]
	11.5%
	28
	Tx[4]
	9.9%
	52
	Tx[4]
	18.4%
	28

	　
	　
	　
	Tx[5]
	5.3%
	36
	　
	　
	　
	Tx[5]
	11.4%
	36

	Average Delay
	Average Delay
	Average Delay
	Average Delay

	20.3918
	14.7755
	23.0204
	18.4


Table A4 Main System level simulation assumptions for TTI bundling for VoIP

	Duplexing
	LTE FDD

	Bandwidth
	10M

	CP Type
	Normal CP

	Carrier Frequency
	2.0G

	Channel Model
	3GPP CASE 1/ SCME

	Network Deployment
	19 Stations, 57 Sectors (wrap-around）

	ISD
	800m

	UE Deployment
	50 VoIPs in each Sector, Uniform Distribution

	UE Speed
	3km/h

	Channel Estimation
	Real Estimation

	Penetration Loss
	20 dB

	Shadow Fading Standard Variance
	8 dB

	Traffic Type
	AMR 12.2Kbps

	Voice Activity Factor (VAF)
	50% (c=0.01, d=0.99)

	Encoder Period
	20 ms

	SID Payload
	15 bytes (5Bytes + header)

SID packet every 160ms during silence

	Activity Payload
	328bits

	Polarization
	Same Polarization

	Link Adaption
	ON

	Sounding RS 
	Period: 5ms; Delay 5ms

	Scheduling Method
	Dynamic Scheduling

	Power Control
	P0 = -83 dBm；α = 1.0

	Resouce Hopping
	No Intra/Inter-Subframe Hopping 

	HARQ Mechanisim
	Sychronized

	HARQ Feedback
	Ideal, No Error.

	Max. ReTr. Times
	3, 4, 5

	Enhanced Bundling scheme
	Scheme in Fig. 7

	rBLER
	2%

	Reciever Type
	LMMSE
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  Figure A1 System Level Result
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