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1 Introduction

TTI bundling was initially designed in LTE Rel-8 for coverage improvements for cell edge UEs. To satisfy current VoIP service with more limited latency budget ~50 ms, Enhancements on bundling are necessary. A few different schemes were discussed in the previous 3GPP meetings. To understand the WI scope on TTI bundling enhancements for uplink VoIP, a summary of candidate bundling solutions was given in [1]. Also, it was proposed that future investigations for TTI bundling enhancements shall be made from at least one of the following aspects:
· HARQ timing

· Number of TTIs bundled, including fixed or flexible bundle size
· Time interleaving of bundled TTIs

· PUCCH format 3 structure type uplink transmission mode

In this contribution, we evaluate candidate solutions with different HARQ timing and Number of TTIs Bundled for UL VoIP for FDD. Performance, implementation impact, specification impact and co-existence with legacy TTI bundling are analyzed for the mentioned solutions. The simulation assumptions as proposed in [1] were used for the evaluation in this contribution. We give recommendations based on the observations of the evaluation results.
2 Evaluation and analysis
Previous considerations of TTI bundling solution contain a change of HARQ timing such as the reduction of RTT to 12 ms or less [2], [3] and an extension of number of TTIs bundled such as described in [4], [5], [6], [7], [8]. Also, TTI bundling solutions with a flexible bundle size were proposed in [2], [6].  Under different evaluation environments, performance at 2% residual BLER (r_BLER) was compared among those schemes together with the current TTI bundling scheme in LTE Rel-8. For evaluation and analysis purposes, we state these solution settings as named from Scheme 1 to Scheme 7 in Table 1.
Table 1. Settings of TTI bundling schemes
	Scheme #
	RTT [ms] / Bundling size / Max. tran. time

	1
	16 / 4 / 4

	2
	12 / 4 / 5

	3
	20 / 20 / 1

	4
	20 / 10 / 2

	5
	16 / 8 / 3

	6
	15 / 5 / 4

	7
	16 / [8 4 4 4] / 4


2.1 Simulation assumptions
The simulation assumptions adopted in the evaluation are listed in Table 2. Channel model EPA with 5 Hz Doppler frequency and ETU with 70 Hz Doppler frequency are considered. Following the assumptions in [1], the TB size is set to 328 bits. Noting that the SPS interval for Scheme 5 proposed in [7]

 REF _Ref367090695 \r \h 
[8] is 24 ms, we use a TB size of 394 bits for Scheme 5 to achieve a relatively fair comparison.
Table 2. Simulation assumptions for UL VoIP for FDD
	Parameters
	Values

	Channel model
	EPA5Hz, ETU70Hz

	Carrier frequency
	2GHz

	System bandwidth
	10 MHz

	Antenna configuration
	UE:1 Tx, 

eNB:2 Rx with low correlation

	AMR rate
	12.2kbps (TBS=328 bits)

	Modulation scheme
	QPSK

	PRB allocation
	1

	RLC segmentation
	OFF

	Channel estimation
	Realistic


2.2 Simulation results
The simulations results based on the above assumptions are shown below.
· EPA 5 Hz
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Figure 1. The residual BLER performances of the 7 TTI bundling schemes using the EPA 5 Hz channel model.
· ETU 70 Hz
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Figure 2. The residual BLER performances of the 7 TTI bundling schemes using the ETU 70 Hz channel model.
Through Figure 1 and Figure 2, similar statistic performances among candidate schemes can be observed:
Observation 1
Schemes with less reduced round trip time, i.e. 12 ms RTT, performs best, with enhancements of 0.7~1 dB compared to Rel-8 scheme at 2% residual BLER.
Observation 2
Increasing TTI bundling size does not always provide gain. In the ETU scenario, increasing of bundling size to 8TTIs has around 1 dB gain, while schemes with increased bundling size of 10 and 20TTIs show worse performances than Rel-8 scheme for the EPA scenario.
Observation 3
Using flexible bundling size also shows good performance close to the scheme with less HARQ retransmission time in both scenarios.
3 Analysis
Based on the evaluation results and observations above, we provide the analysis to different schemes as follows:
TTI bundling with reduced round trip time
TTI bundling with reduced round trip time generally performs best. From a viewpoint of specification impact, new number of HARQ processes and new HARQ timing needs to be introduced in the RAN1 specification. There is no need to introduce a new TTI bundling size. Configuration signaling is needed in RAN2 at least. For the network impact, the eNB scheduler needs to handle the possible resource collision between legacy HARQ and the HARQ with reduced RTT.
Changing bundling size
Regarding bundling size, increasing the bundling size to 20 TTIs has a performance loss due to the lack of time diversity, especially to the UE with lower mobility. From a viewpoint of specification impact, a new number of HARQ processes and new TTI bundling size needs to be introduced in RAN1 specification. Configuration signaling is needed in RAN2 at least. For the network impact, this scheme seems to have the lowest flexibility compared to other schemes. Meanwhile, eNB scheduler needs to have a mechanism to handle the possible resource collision between legacy HARQ and the HARQ with changed bundling size.
Using flexible bundling size
For the method of using flexible bundling size, e.g., [8 4 4 4], the performance seems good. New number of HARQ processes and new HARQ timing needs to be introduced in RAN1 specification. A new downlink signaling possibly needs to be introduced to indicate the bundling size. Configuration signaling is needed in RAN2 at least. For the network impact, eNB scheduler needs to have a mechanism to handle the possible resource collision between legacy HARQ and the HARQ with flexible bundling size. 
Based on the above analysis, for the coverage enhancement scheme to be chosen, there should be a good balance among the performance, standard impacts and network impacts. We suggest that the schemes of reducing the RTT to 12ms and using flexible bundling size are worth further studying. 
Proposal 1: The schemes of reducing the RTT to 12ms and using flexible bundling size are worth further studying due to the good balance among the performance, standard impacts and network impacts.
4 Conclusion

In this contribution, we provided some evaluation for the candidate solutions of coverage enhancements for UL VoIP. Based on the simulation results we have following observations:
Observation 1
Schemes with reduced round trip time, i.e. 12 ms RTT, performs best, with enhancements of 0.7~1 dB compared to Rel-8 scheme at 2% residual BLER.
Observation 2
Increasing TTI bundling size does not always provide gain. In the ETU scenario, increasing of bundling size to 8TTIs has around 1 dB gain, while schemes with increased bundling size of 10 and 20TTIs show worse performances than Rel-8 scheme for the EPA scenario.
Observation 3
Using flexible bundling size also shows good performance close to the scheme with less HARQ retransmission time in both scenarios.
A proposal was draw from these observations:
Proposal 1: The schemes of reducing the RTT time to 12ms and using flexible bundling size are worth further studying due to the good balance among the performance, standard impacts and network impacts.
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