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1. Introduction
The discussion on coverage enhancements was concluded with the following [1][2]:
Next step of SI until RAN1#69

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact
· Analysis of network impacts e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory)

· Latency
· Max around 50 ms for VoIP
· For medium data rate, proponent should provide latency target assumption or statistics for their simulations
We in this contribution further evaluate the medium data rate PUSCH performances when TTI bundling is further optimized on top of the previous study [3]. It is observed that the performance gain over Rel-8 reference can be more than 1 dB by proper time and frequency allocation of PRBs in TTI bundling case.
2. Further Details of TTI Bundling Enhancements for PUSCH Data
As proposed by a number of companies, relaxing the Rel-8 TTI bundling restriction of maximum 3 PRB should be part of Rel-11 coverage enhancement feature so that larger block sizes can be used in the case of TTI bundling, and therefore to benefit more from channel coding and the saving of protocol overhead. Besides the restriction of number of PRB resources for TTI bundling, the time and frequency domain resource allocations are also part of the configurations we may optimize to further enhance the coverage performance.
When fixed MCS is used without dynamic link adaptation, diversity becomes more important to overcome the long deep channel fading, even at - EPA (3km/h) scenario. In time domain, diversity can be added by time interleaving between different transport blocks, so that the transmission of each transport block can span longer time. Fig. 1 compares the TTI bundling without (Fig. 1a) and with time interleaving (Fig. 1b). 
In frequency domain, diversity can also be introduced by frequency hopping. Here precaution should be taken since frequency hopping would prevent more accurate channel estimation through joint estimation over consecutive subframes over which the channel does not vary significantly. In coverage limited scenarios, SINR is usually low and channel estimation would play a very important role. One possible way to balance the frequency diversity and channel estimation accuracy is to use new hopping patterns with examples shown in Fig. 2 and Fig. 3. 
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(b) with time interleaving
Figure 1 4-TTI bundling for medium rate PUSCH, without and with time interleaving
Note that slot boundary frequency hopping is turned off in Fig. 2 and turned on in Fig. 3. In both of these two figures, “inter” mode refers to that the same PRBs are used in the bundled subframes, and the subframe level hopping occurs only during different HARQ transmissions. “Intra” mode refers to different PRBs used in the bundled subframes, for example, divided between the second and the third subframes.
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Figure 2 Example of new hopping patterns without slot-boundary hopping
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Figure 3 Example of new hopping patterns with slot-boundary hopping

3. Link Level Evaluations
Below the benefits of joint channel estimation and new frequency hopping patterns are evaluated. The simulation assumptions are listed in the Table A1 in the appendix.
Fig. 4 compares iBLER performance with and without joint channel estimation, when frequency hopping Type 3 intra (as the right figure in Fig. 2) is used. Both time interleaved and non-time interleaved bundling cases are simulated. The performance is evaluated under 3 km/h and 30 km/h, respectively. It is observed that at 3 km/h, the gain from joint channel estimation is about 0.4 dB for both time interleave and non-time interleaved settings. When the mobile speed is increased to 30 km/h, the joint channel estimation brings roughly 0.5 dB gain.
Fig. 5 shows the iBLER performance assuming frequency hopping Type 3 inter (as the left figure in Fig. 2). As expected, larger gains are observed (0.7 dB for 3 km/h and 0.9 dB for 30 km/h) with joint channel estimation as 4 subframes instead of 2 subframes can be used to average out the channel estimation noise.
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Figure 4 iBELR vs. SNR, with and without joint channel estimation, with frequency intra hopping pattern 3 ( type 3 intra)
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Figure 5 iBELR vs. SNR, with and without joint channel estimation, with frequency inter hopping pattern 3 ( type 3 inter)

The performance of Rel-8 reference is shown in Fig. 6. It is seen that the frequency diversity gain brought by intra subframe frequency hopping outweighs the loss of channel estimation, at least for 3 km/h and 30 km/h. Note that in the case of inter subframe hopping, channel estimation is averaged over two slots in a subframe.
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Figure 6 Rel-8 performance benchmark of PUSCH 384 kbps

Using Rel-8 frequency hopping, we simulate the iBLER performance with 4-TTI bundling with and without time interleaving. The results are illustrated in Fig. 7. It is observed that the time interleaving gain is about 0. 2 dB at 3 km/h and 0.6 dB at 30 km/h. Compared to Rel-8 reference performances in Fig. 6, 4-TTI bundling with Rel-8 intra subframe hopping and the proposed time interleaving, the gain is about 0.7 dB at 3 km/h and about 1.7 dB at 30 km/h. In the case of using Rel-8 inter subframe hopping; the gain of TTI bundling is about 0.2 dB at 3 km/h and 1.9 dB at 30 km/h.
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Figure 7 iBELR vs. SNR, 4-TTI bundling, Rel-8 intra or inter frequency hopping

Fig. 8 shows the iBLER performance of 4-TTI bundling, using hopping type 3. In intra mode, the gain over Rel-8 benchmark is about 2.4 dB at 3 km/h and 1.2 dB at 30 km/h. In inter mode, the gain over Rel-8 benchmark is about 1.7 dB at 3 km/h and 1.4 dB at 30 km/h.   
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Figure 8 iBELR vs. SNR, 4-TTI bundling, frequency hopping type 3

Using frequency hopping type 4, we evaluate the 4-TTI bundling performance, as illustrated in Fig. 9. Compared to Rel-8 benchmark performance, the gain of 4-TTI bundling ranges from 1.2 dB to 2.4 dB, in intra and inter modes.
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Figure 9 iBELR vs. SNR, 4-TTI bundling, frequency hopping type 4
4. Conclusions
In this contribution we investigated other key aspects of TTI bundling enhancements for PUSCH medium data rate, in particular, the time and frequency locations of PRBs of bundled TTIs. Simulation results showed that with time interleaving and new hopping patterns, 4-TTI bundling can provide more than 1 dB performance gain over Rel-8 reference. Therefore, we proposed the following:
· Besides relaxing the number of RPBs to more than 3 in the case of TTI bundling, time and frequency locations of PRBs can also be optimized:
· To increase the time diversity, i.e., time interleaving

· To balance between channel estimation and frequency diversity
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Appendix
Table A1 Link level simulation assumptions for Data TTI Bundling 
	Duplex
	LTE FDD，UL

	Bandwidth
	10M

	CP Type
	Normal CP

	Carrier Frequency
	2.6G

	Channel Model
	SCME,NLOS,EPA

	UE Speed
	3km/h and 30km

	Channel Estimation
	Real Channel Estimation

	Traffic Type
	384kbps

	RLC/MAC overhead 
	5 Bytes per PDCP Packet without concatenation 

	Ant. Config.
	1Tx   2Rx

	Polarization
	Same

	Link Adaption
	No

	MCS Level
	Fixed level 6

	Resource Allocation
	Fixed 4RBs

	Resource Hopping
	Type 2 in R10 and New Type 3,4

	HARQ Mechanism
	No

	HARQ Feedback
	Ideal, No Error

	Bundling scheme
	With and without time interleaving

	iBLER
	10%

	Receiver Type
	LMMSE
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