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1 Introduction

In line with the study item description [1] a link budget analysis was agreed in [2]. Based on the link budget it was concluded at RAN1#68 [3] to further study potentials for improving LTE coverage compared to [2] based on improvements to TTI Bundling. In this contribution we present our view and results on the topic. 
2 Discussion
It is observed in [2] that the coverage of uplink data channel at 384 kbps is significantly below the other uplink channels. The main reason is that more bits needs to be transmitted compared to other channels but with the same maximum output power. It is hence not expected that the PUSCH with the targeted bitrate should be on par with the other channels. However given that operators may want to put a bitrate service requirement as the cell-edge target and deploy there networks accordingly it may have substantial impact on deployment cost if the limiting channel can be improved. 
There are a limited way of improving the uplink coverage, it can be done by either increasing the transmit power, increase the received power, lower the path loss or making the transmissions more efficient. Increasing the transmit power is unfeasible form a regulatory, device design and standardization point of view. Increasing the received power can be achieved in a standard transparent way by just adding larger/more receive antennas. Additional antennas can substantially increase the uplink coverage, but may be unfeasible in some deployment scenarios. Lowering the path loss can be done by densifying the network or by deploying low power nodes, relays or repeaters. This increased number of access-points has the drawback of increased cost. The uplink transmissions in LTE Rel.8 are efficient, with a short 1 ms delay to keep a low latency. 
Retransmissions can be used in coverage limited scenarios in order to increase the code-length by applying a larger TBS. This has the benefit that the per transport block overhead is reduced and also that the coding efficiency of the Turbo codes are improved [4]. Relaying on retransmissions should improve the coverage at low SINR, it will also reduce PDCCH overhead if non-adaptive retransmissions can be employed. Multiple transmission attempts for the same code-block also effectively works as a time interleaver giving increased diversity and simplifies link adaptation. The drawback of relying on multiple transmissions is the increased delay. Even with the short roundtrip time of 8 ms in LTE the impact on perceived performance of both real-time services and TCP based transactions may be visible with multiple retransmissions. 

TTI bundling have all the benefits of relying on multiple retransmissions but with additional downlink control overhead reduction and robustness to control channel overhead. It may also significantly reduce the latency. The main draw-back with TTI bundling is the lower flexibility. The scheduler can only allocate chunks of 4 consecutive TTIs and if a retransmission is needed it will also spread over 4 TTIs. On top of this there is also a limitation on the number of allocated PRBs restricting the allocation size to up to 3 PRBs and the modulation is restricted to QPSK. The last part may not be a strict limitation on a power limited UE since QPSK have a better power efficiency compared to higher order modulation schemes.  
3 Simulation Results

In this section we provide simulations results from link level investigations of standard complient ways of operating with HARQ retransmissions and TTI bundling. We also investigate a few proposed improvements to the current TTI bundling scheme. Detailed simulation assumptions can be found in appendix A. 
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1 ms TTI TBS: 472 PRB: 4 BLER: 19 CL @ 384: -131.8

1 ms TTI TBS: 808 PRB: 8 BLER: 53 CL @ 384: -135.5

1 ms TTI TBS: 1256 PRB: 8 BLER: 70 CL @ 384: -136.2

1 ms TTI TBS: 1736 PRB: 8 BLER: 78 CL @ 384: -137.1

Bundling TBS: 1800 PRB: 3 BLER: 15 CL @ 384: -132.6

Bundling TBS: 1800 PRB: 4 BLER: 15 CL @ 384: -135.5

Bundling TBS: 3376 PRB: 8 BLER: 55 CL @ 384: -135.7


Figure 1
Coupling loss values for EPA5 and a set of different MCS and PRBs

Figure 1 show the performance of different MCS and PRB combinations and there MCL at 384 kbps. From the results we can see that the maximum coupling loss of all schemes targeting a set of retransmissions is substantially better then that of dynamic scheduling targeting ~10% BLER. This comes of curse at the cost of longer delay due to the HARQ round-trip time. TTI bundling can be applied to lower the round-trip time, but as can be seen in Figure 1 the currently maximum supported number of RBs limits the performance of TTI bundling. This is due to a resulting high code-rate due to the low number of modulated symbols. When allowing more PRBs a better trade-of between code-rate and power spectral density can be made also for TTI bundling. 
4 Conclusion

Form the discussion in section 2 and the simulation results in section 3 we can draw the following observations: 
· Uplink data channel coverage can be substantially improved compared to [2] using HARQ combining gains

· Rel.8 TTI bundling may be applied also for medium data rate to give coverage improvements with lower latency then normal scheduling with retransmission
· Straightforward extensions to Rel.8 TTI bundling can be adopted to improve the performance of TTI bundling

Based on these observations we make the following proposals
Proposal 1 Capture the results and observations in the TR
Proposal 2 Continue to evaluate gains of extending the number of assignable PRBs with TTI bundling

Proposal 3 Investigate necessary signaling, configuration and standardization impact of supporting enhanced TTI bundling
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6 Appendix A

Simulation assumptions for TTI bundling improvements:

Table 1 Simulation parameters
	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	20 MHz 

	Antenna configuration eNB 
	2rx 

	Antenna configuration UE 
	1tx 

	Receiver
	MRC

	Radio channel 
	EPA5

	RLC/MAC overhead 
	5 Bytes per TB 

	Frequency hopping
	ON

	Channel estimation
	Realistic
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