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1.  Introduction
The Rel-11 SI on “LTE coverage enhancements” was initiated in RAN #53 [1]. Based on the evaluation results during coverage issues identification phase, it was pointed out that the coverage of PUSCH (medium data rate) is poorer than other DL/UL channels, with significant gap observed [2]. In this sense, coverage enhancements for medium rate PUSCH are of great importance for LTE networks. In RAN1# 68bis, TTI bundling enhancements have been studied as potential solutions for coverage enhancements of both medium data rate PUSCH and UL VoIP, and a way forward is given [3]:

Observation based on results so far: 

· The coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1 dB by TTI bundling enhancements relative to R10 techniques

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, proponents should provide latency target assumption or statistics for their simulations 

In this contribution, we present some further analysis and evaluations on TTI bundling enhancement for medium rate PUSCH. 

2.  TTI bundling enhancement for medium rate PUSCH
TTI bundling mechanism was specified in Rel-8 to improve UL coverage, especially for VoIP service [4] [5]. The definition of TTI bundling in Rel-8 is that four redundancy versions of a single transport block (TB) are transmitted during four consecutive TTIs. Only when the last TTI of the bundle is received by the eNB, the ACK/NACK is fed back. To synchronize the normal 8ms HARQ RTT and consider the transmission/decoding/processing delay, the HARQ RTT of TTI bundling is defined as 16ms. 

The Rel-8 TTI bundling is restricted to QPSK modulation and resource allocation of no more than 3 PRBs, thus it’s mainly designed for low data rate transmission. To extend it for effective support of medium rate PUSCH, enhanced TTI bundling combined with joint coding was investigated in [6]. As shown in Figure 1, when the bundle size is four, four TTIs will be bundled together and jointly encoded as a larger transport block. The HARQ RTT for 4TTIs bundling with joint coding is the same as that in TTI bundling in Rel-8. 
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Figure 1 TTI bundling enhancement with joint coding

Compared with PUSCH transmission without TTI bundling, the benefits of TTI bundling enhancement for medium rate PUSCH can be summarized in the following aspects:

· Larger block encoding gain: Compared with the transport block size of N for PUSCH transmission without TTI bundling, a bundle of 4×N bits per transport block can get larger coding gain.

· Lower upper layer and L1 CRC overhead: Considering that there is no need to segment RLC SDU into parts to use per-TTI transmission, the overhead including the RLC/MAC header and CRC is much decreased which leads to a more efficient utilization of radio resource.

· Lower PDCCH and PHICH overhead: The bundled TTIs are treated as a single UL resource assignment where a single UL grant and a single PHICH ACK/NACK are required. 
· Potential increased time/frequency diversity, if intra-bundled TTIs hopping is adopted.
· Potential more robust link adaptation

· Potential increased channel estimation performance, if joint TTIs channel estimation is adopted.
3.  Performance evaluation
In this section, link level simulations were carried out to show the performance comparison between TTI bundling enhancement and no TTI bundling for PUSCH transmission. Both fixed MCS and adaptive MCS are taken into account in the comparison, and simulation parameters are provided in Table 1. 
Table 1 Simulation parameters
	
	Parameters

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Antenna configuration eNB
	2 Rx

	Antenna configuration UE
	1 Tx

	PRB number
	4

	Receiver
	MRC

	Radio channel
	EPA5Hz

	RLC/MAC overhead
	5 bytes per TB (3 bytes MAC and 2 bytes RLC header)

	Frequency hopping
	OFF


3.1. Evaluation results with fixed MCS transmission
In Figure 2, the performance comparison between TTI bundling enhancement and no TTI bundling for PUSCH transmission is provided assuming fixed MCS transmission. It can be seen that, at the data rate of 384kbps, about 1.9dB gain from TTI bundling enhancement can be observed. 
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Figure 2 Effective throughput results with fixed MCS transmission 
3.2. Evaluation results with adaptive MCS selection
To better match the channel quality, link adaptation can be further utilized in which the MCS is adaptively adjusted based on the instantaneous channel condition. In Figure 3, the performance comparison between TTI bundling enhancement and no TTI bundling for PUSCH transmission is provided assuming adaptive MCS selection. In the simulation, 10% iBLER is set as MCS selection criterion. 
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Figure 3 Effective throughput results with adaptive MCS selection
From operator point of view, a range of date rates, e.g., 128-384 kbps, rather than limitation of 384 kbps only, could be considered for optimization target of medium data rate, since these services are equally important. According to the evaluation results in Figure 3, the required SNRs for given various data rates and relative throughput improvements for given SNRs are summarized in Table 2 and 3, respectively. It’s observed that for medium data rates of 128 kbps-384 kbps, TTI bundling enhancement can obtain more than 1.1dB gain in terms of required SNR, and 18%-35% gain in terms of UE throughput.
Table 2 Performance comparison in terms of required SNR
	Data rate
	Required SNR (dB)

	
	w/o TTI bundling
	w/ TTI bundling
	Gain

	128kbps
	-5.77
	-6.90
	1.13

	256kbps
	-3.00
	-4.19
	1.19

	384kbps
	-0.86
	-1.99
	1.13


Table 3 Performance comparison in terms of UE throughput

	SNR
	Throughput (kbps)

	
	w/o TTI bundling
	w/ TTI bundling
	Gain

	-6dB
	118
	160
	35.59%

	-4dB
	204
	266
	30.39%

	-2dB
	308
	383
	24.35%

	0dB
	441
	522
	18.37%


4.  Potential specification impact
The potential specification impacts for TTI bundling enhancement for medium rate PUSCH is as follows:
· The limitation of 1-3PRB allocation needs to be relaxed.

· The new signaling for indicating transmission with TTI bundling enhancement.

· Whether to specify some other enhanced features for TTI bundling enhancement, e.g., improvement of time/frequency diversity, is FFS.
· Whether the restriction on modulation scheme needs to be relaxed to higher than QPSK is FFS.
From above we can see that the main change in specification to support TTI bundling enhancement is not significant.
5.  Conclusions
In this contribution, we presented further analysis and evaluation results on TTI bundling enhancement for medium rate PUSCH. It’s observed that:
· For medium data rates of 128 kbps-384 kbps, TTI bundling enhancement can obtain 1.1-1.9 dB gain in terms of required SNR, compared with PUSCH transmission without TTI bundling.
· For medium data rates of 128 kbps-384 kbps, TTI bundling enhancement can improve UE throughput by 18%-35%, compared with PUSCH transmission without TTI bundling.

Moreover, the potential standardization impacts could include follows which are relative small,

· The limitation of 1-3PRB allocation needs to be relaxed.

· The new signaling for indicating transmission with TTI bundling enhancement.

Taking into account the effective performance gain and relative minor standardization impacts, we propose to:
· Specify enhanced TTI bundling mechanisms for coverage enhancements of medium rate PUSCH.
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