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1. Introduction
In this contribution, typical enhanced TTI bundling solutions for medium data rate PUSCH are reviewed and corresponding link level performances are evaluated. Some considerations on TTI bundling enhancements for medium data rate PUSCH are provided.

2. TTI Bundling Enhancements for Medium Data Rate PUSCH
As analyzed in study phase, relaxing the Rel-8 TTI bundling restriction of maximum 3 PRB should be part of Rel-12 coverage enhancement feature. This will let that larger block sizes to be used in the case of TTI bundling. Specifically, it allows TB size for data rate of 384k bps in case of bundling and achieves coverage gain. Essentially, the gain is from larger code block size transmitted over bundled TTIs vs. smaller code block size over 1 TTI. In non-bundling case 384k bps interpreted as 392 bits per TTI. It is not an efficient code block size, according to channel coding study of LTE. Figure 1 and 2 illustrate some results from [4]. Note the current LTE standard is using delta value 1. 
Note that there is an interpretation that Rel-8 already allows TTI bundling UE to use TB sizes for higher modulation but the codewords are still modulated into QPSK. However, the descriptions in restriction of 3PRB and QPSK in 36.213 are put together. It is more natural to be looked as a scheduling restriction which does not allow 3PRB or Higher order modulation for TTI bundling.
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Figure 1 Required Eb/N0 at code rate r=0.6. BLER targets of 10%, 1%, 0.2%.
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Figure 2 Required Eb/N0 at code rate r=0.8. BLER targets of 10%, 1%, 0.2%.
In general, we see enhancement on coverage of medium data rate can be reached by:

1. Allowing a mid-long size code block for better coding gain, e.g over 10^3 bits.
2. Using less overhead per TTI for data transmission, e.g. higher layer header and CRC bits.
The 1st reason is more dominant as can be shown in Eb/N0 curves. If we only relax 3 PRB limit for TTI bundling, scheduler have to find higher code rate TBS (close to 0.9) to carry 384k bps data. However, code rate over 0.8 is fluctuant in performance and much worse than lower code rate. And it will tend to use large number of PRBs.
As shown in figure 3, by joint encoding of 4 packets over multiple bundled subframes and modifying the TBS determination, coding gain from longer turbo interleaving size can be achieved.
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Figure 3 TTI bundling (4TTIs) for medium data rate PUSCH
The above example used modified determination of TB size: the actual TB sizes = TB sizes given by 
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 * 4. Another example is to allow using TB sizes for higher modulation order, UE still transmit in QPSK. Both can achieve larger TB size by relative smaller number of PRBs.
In terms of simulation assumptions in Appendix, link level performances of no TTI bundling (4RBs), 4TTI bundling (4RBs or 10RBs) solution in Figure 3 are provided, as shown in Figure 4. No link adaptation is performed in the simulations. It is observed from Figure 4 that with the 4 TTI bundling (4RBs) based joint coding the required coupling loss is reduced from -126.97 dB to -127.98 dB compared with no TTI bundling (4RBs), which can be translated to 1.01dB. The less gain for 4 TTI bundling (10RBs) based joint coding is due to power/noise limitation. This limitation tends to show in coverage edge UEs. 
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Figure 4 Link level performance of TTI bundling for medium data rate PUSCH
Then excessive allocation of UL resource for TTI bundling is also need to be avoided. Since the network should accommodate PUCCH region, PUSH of subframe-bundling UE and normal UE, the PRB should be not over-used for bundled case. Note the resource utilization for UL will be impacted if a UE occupy a numbers of PRBs in numbers of consecutive TTIs. System have to allocate around 10 PRBs to carrier 384k bps data in TTI bundling mode, if we only use allowed modulation order/ TBS determination in current specification. Considering 4 PRB is typically reserved for PUCCH, only 2 users in TTI bundling mode with medium data rate will use up all the remaining UL resource.  This does not take into account the resource margin need to be left for other purpose, e.g. ICIC.
3. Considerations and Conclusions
It is observed from link level simulations that above 1 dB gain can be obtained by TTI bundling if we allow DCI allocating more than 3 PRBs and use ideal TB size for medium data rate PUSCH. Standardization impact can be kept quite low, and may only limit to L1. Different handling between legacy and advanced UEs should be implemented in the eNodeB. However, the resource allocation for TTI bundling is desirable to be low as possible.
Based on the observation, we propose that L1 enhance TTI bundling by optimizing TB size determination together with removing of limit of PRB allocation. The modified TB size determination can utilize TB sizes for higher order modulation or value given by
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 multiple bundle size. 
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Appendix
Table 1 Link level simulation assumptions
	Duplex
	LTE FDD

	Bandwidth
	10M

	CP type
	Normal CP

	Carrier frequency
	2.0GHz

	Channel scenario
	EPA, 3km/h

	Channel estimation
	Real estimation

	Traffic type
	384kbps

	RLC/MAC overhead
	5 bytes per TB

	Antenna configuration
	1Tx, 2Rx

	Polarization
	Same

	Link adaption
	No

	Resource allocation
	Fixed 4RBs/10RBs

	Frequency hopping
	No

	HARQ  mechanism
	No

	iBLER
	10%

	Receiver type
	LMMSE


Table 2. For 
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=6 is used; For 
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=9 is used.
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	1
	2
	3
	4
	5
	6
	7
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	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736
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