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Discussion and Decision
1      Introduction
The WI on LTE coverage enhancements [1] was approved at RAN#60 with following additional agreements [2]
· Email discussion to start after RAN1#74 to see if consensus can be reached on down-selection of the enhancements to consider

· Online discussion from RAN1#74bis
Taking into account the study documented in TR 36.824 [3], the follow-up WI shall focus on the following areas [1]:

· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:
· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling
· Identify and specify necessary TTI bundling enhancements to improve coverage for uplink VoIP, potentially including 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
· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements
· Specify applicable UE and eNB core requirements
In this contribution, we present some evaluation results and our further views on TTI bundling enhancements for medium data rate PUSCH in terms of standardization impact.
2      Discussion
2.1     Potential solution and performance evaluation
From the email discussion summary of coverage enhancement for medium data rate PUSCH, it can be observed that majority companies’ view is:

· Allocating more than 3 PRBs per subframe can increase the coverage performance for medium data rate PUSCH.

· The standardization impact is low.

Based on the common view, there is only one unclear question left over whether there is still a restriction of maximum PRB number in this case. 
For cell-edge UEs, since the maximum transmission power is reached, increasing of the number of allocated PRBs will decrease the average transmission power per RE; however, higher frequency diversity and coding gain may be achieved at the meantime. Link level simulation results are presented in Figure 1 to show the MCL performance with different PRBs allocated for medium data rate PUSCH with TTI bundling. The detailed simulation parameters are provided in Table I.
Table I Simulation parameters
	
	Parameters

	Carrier frequency
	2GHz

	System bandwidth 
	10 MHz 

	Antenna configuration eNB 
	2Rx 

	Antenna configuration UE 
	1Tx 

	Receiver
	MRC

	Radio channel 
	EPA5Hz

	Target data rate
	384kbps

	Maximum transmission times
	4

	Frequency hopping
	OFF

	Channel estimation
	Ideal

	Number of TTIs bundled
	4

	Number of PRBs allocated
	3/4/5/8
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Figure 1 MCL results with different (3/4/5/8) PRBs allocated

In the simulation, for each number of PRB allocated, different TBSs are assumed and the corresponding MCL to satisfy the target date rate of 384kbps is provided. It can be seen from the simulation results in Fig.1 that allocation of more than 3 PRBs, e.g., 4/5/8 PRBs, can achieve more than 1dB MCL performance gain comparing to that with 3PRBs. Furthermore, with more PRBs allocated, more gain can be observed. Meanwhile, with certain number of PRBs, the MCL performance can be improved by increasing of TBS (to some extent). 
Base on above simulation results, we have following observation:
· There is no need to have a restriction of maximum PRB number for medium data rate PUSCH TTI bundling enhancement.
2.2     Standardization impact
In Rel-8, the standardization of TTI bundling (related to 3PRB restriction) is defined in TS 36.213 (section 8.6.1) as: “If the parameter ttiBundling provided by higher layers is set to TRUE, then the resource allocation size is restricted to 
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.” For Rel-12 TTI bundling enhancement (which may be trigged by a new higher layer signaling), we propose to remove the sentence “the resource allocation size is restricted to 
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3      Conclusion
In this contribution, we presented some evaluation results on the potential TTI bundling enhancement solution and analysis on standardization impacts for medium data rate PUSCH. We propose to:

· Remove “the resource allocation size is restricted to 
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” in section 8.6.1 TS 36.213 in Rel-12.
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