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1.  Introduction
In the Rel-11 SI on “LTE coverage enhancements”, the email discussion on coverage enhancements was kicked off after RAN1#67, which aims to identify the potential issues due to coverage bottlenecks, by taking coverage imbalance into account. 
Based on the evaluation results from the companies, the following summary has been agreed [1]:
· LTE with 10MHz, 2Tx&2Rx at base station and 1Tx&2Rx at UE

· UL is the limiting factor in terms of coverage

· PUSCH (medium data rate) is poorer than other channels, with significant gap observed.

· With strict performance targets (e.g. 1% Pmiss, 1% rBLER or 10% iBLER), PRACH and/or Msg 3 are the potential limiting factor.
· It’s realized that relaxed performance targets at cell edge would be beneficial to enhance random access channels’ coverage.
· PUSCH (VoIP) is the potential limiting factor, especially with relaxed performance targets for PRACH/Msg3. 

· PUCCH channels are well balanced in general.

· Imbalance between PUCCH formats may exist, with PUCCH format 1a repetition.

· The coverage of DL is better than UL in general

· LTE with 20MHz, 8Tx&8Rx at base station and 1Tx&2Rx at UE

· PUSCH with medium data rate is poorer than other channels

· PUSCH for VoIP and PDCCH (/PCFICH/PHICH) are the potential limiting factors

As the proposals shown in the summary, PUSCH (medium data rate and VoIP) should be investigated with first priority for LTE coverage enhancements. 
It’s noted that some existing study (e.g. uplink CoMP) would be beneficial to the coverage. However, considering the realistic constraints on the network deployment from operators’ view, some fundamental enhancements in term of coverage are preferred here. 

TTI bundling has been introduced in Rel-8 to improve the coverage of VoIP, by transmitting a single PDU during a bundle of subsequent subframes without waiting for the ACK/NACK feedback. Similarly for a larger packet (than VoIP), one straightforward way is to increase maximum allowed transmit time per bit. Therefore, the scheme of enhanced TTI bundling may be one of the potential solutions for PUSCH (medium data rate) coverage enhancements. Meanwhile, the contiguous PUSCH transmission should be taken into account.
In addition, uplink channel estimation error leads a performance decline, especially in low SNR/cell edge region. In this sense, the power boosting of uplink demodulation reference signal (DM-RS) may be considered as one of the potential solutions, to achieve higher channel accuracy. 
This contribution describes our views on the need for TTI bundling enhancement and uplink DM-RS power boosting, to further enhance uplink coverage.
2.  TTI Bundling Enhancement
2.1. Basic principles and descriptions
The definition of TTI bundling in Rel-8 is that multiple redundancy versions of a single transport block are transmitted during consecutive subframes [2] [3], as shown in Figure 1. Only when the last redundancy version of the transport block is received by the eNB, the ACK/NACK is sent. 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 subframes between two bundles’ transmissions could be utilized for bundled transmission and normal HARQ process.
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Figure 1 TTI bundling process in Rel.8

Considering the characteristics of web browsing service, to apply potential TTI bundling enhancement to PUSCH (medium data rate) transmission, the basic principles are proposed as follows:

· Potential flexible configuration for medium data rate traffic.

· Suitable for contiguous PUSCH transmission.

· Impacts on specifications are as small as possible.
For potential TTI bundling enhancement, the further design could be more flexible than that in Rel-8. There are two straightforward ways. Firstly, according to [3], the direct restrictions for TTI bundling applied for larger packet is 1-3PRB locations, which should be relaxed. In addition, unchanged number of 4 bundled subframes in Rel-8 might be configurable.. 
Meanwhile, other potential gain of TTI bundling enhancement will need standardization efforts. For example, large transport block would be beneficial from turbo coding. Considering the contiguous PUSCH transmission, the design should be able to guarantee the same spectrum efficiency as without TTI bundling enhancement.
The potential design for TTI bundling enhancement is characterized by:

· The limitation of 1-3PRB locations needs to be relaxed.
· Configured TTI bundle size could be considered potentially:

· The number of subframes bundled together could be configurable

· Whether to design dynamic configuration method other than RRC signalling is FFS

· The single transport block could be transmitted in a set of consecutive or inconsecutive subframes.
· The detailed design for contiguous PUSCH transmission is FFS.
Proposal 1: TTI bundling enhancement is considered as one potential solution for coverage enhancement.
2.2. Specification impacts
The expected impacts on specification due to TTI bundling enhancement are analyzed as follows:

· HARQ RTT
The HARQ RTT could be fixed or configurable. For fixed HARQ RTT, no impact is expected. For configurable way, higher layer signaling may need to be introduced.

· ACK/NACK

Same to TTI bundling in Rel-8, only one ACK/NACK is response to a subframe bundle, to avoid extra overhead and to avoid an increased ACK/NACK error rate. 
· Higher layer configuration or dynamic control signaling

Potentially, TTI bundle size could be configured via higher layer or dynamic signaling. 

If layer 1 signaling is adopted, the payload size of DCI format 0 needs to be increased potentially.

· Scheduling 

When the TTI bundling enhancement is on, as with other non-scheduled PUSCH retransmissions, a collision might occur if different users are allocated on the same RBs at the same time. Compared with 4 subframes bundling, configurable TTI bundle size could bring more scheduling flexibility on the promise of fixed or configurable HARQ RTT. 
3. Uplink DM-RS Power Boosting
3.1. Discussion
The DM-RS is associated with uplink data transmissions, and is provided for channel estimation with coherent demodulation.
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Figure 2 Uplink DM-RS Channel Estimation Evaluation (EPA 3km/h, MCS0, 2PRB)
As shown in Figure 2 and also based on the results obtained from lab testing, even with MMSE algorithm in uplink DM-RS channel estimation, the channel estimation accuracy is still an issue in low SNR/cell edge region. For 2 receive antennas, the performance loss at operating point can be more than 2dB due to channel estimation, and the gap will increase in the case with more antennas reception.

Assigning higher transmission power to the DM-RS will utilize the optimizing space of channel estimation, and may be one potential solution to obtain coverage gain. While different from downlink, DM-RS in uplink is configured in the whole OFDM symbol, and the detail solution to perform power boosting needs further investigation and evaluation. The potential design of uplink DM-RS power boosting should seeks the tradeoff between performance and standardization complexity.
Proposal 2: UL DM-RS power boosting is considered as one potential solution for coverage enhancement.
If apply UL DM-RS power boosting, the basic principles might be as follows:

· The transmission power of uplink DM-RS RE could be configurable in a UE-specific manner..
· The detailed design for DM-RS power boosting is FFS.
4. Conclusions
In this contribution, we propose that TTI bundling enhancement and uplink DM-RS power boosting are the potential solutions for uplink coverage enhancements.

For TTI bundling enhancement, it’s proposed that:
· The limitation of 1-3PRB locations needs to be relaxed.

· Configured TTI bundle size could be considered potentially.

· The single transport block could be transmitted in a set of consecutive or inconsecutive subframes.
· The detailed design for contiguous PUSCH transmission is FFS.
For uplink DM-RS power boosting, it’s proposed that:

· The transmission power of uplink DM-RS RE could be configurable in a UE-specific manner.
· The detailed design for DM-RS power boosting is FFS.
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