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Introduction

In RAN#60, the work item (WI) on LTE coverage enhancements [1] was approved. The objectives of the WI are as follows:
…specify the required changes to improve coverage of the uplink data channel, targeting VoIP and medium data rate PUSCH and fulfil the following objectives, taking into account the study documented in TR 36.824.
… …

· 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
Subsequently, an email discussion [2] was started in RAN1 reflector following RAN1#74 in order to down select the potential coverage enhancement candidate schemes.  In this contribution, we provide our views on TTI bundling enhancement for medium data rate PUSCH transmission.


Discussion

The PUSCH TTI bundling mechanism was initially introduced to improve the coverage of low data rate services and in particular UL VoIP transmissions. However, the same mechanism can also be applied for other types of services, including medium data rates of up to 544 kbps (assuming maximum TBS for the 3 PRBs resource allocations). The coverage optimization for medium data rates substantially differs from the VoIP related optimization due to different traffic assumptions and target performance requirements. 
Improvement achieved by using a TTI bundling scheme with a relaxed PRB constraint should be compared against the following:
· Rel-8/9/10/11 TTI bundling scheme with 3 PRBs restrictions;
· Regular single TTI based data transmission.
The 3 PRBs restrictions in Rel-8/9/10/11 TTI bundling scheme limits the maximum transport block size (TBS) to 2216. This reduces flexibility of eNB scheduler in terms of resource allocation. Increasing the number of PRBs in TTI bundling decreases the maximum power spectral density of the allocation, however it also increases the frequency diversity to some extent and reduces the effective code rate. These effects may compensate each other and provide better MCL performance at the cost of reduced spectral efficiency.
In comparison with regular single TTI based PUSCH transmission, better coding gain is expected by use of TTI bundling mechanism for medium data rate PUSCH transmissions. As for an example, to achieve a maximum PDCP throughput of 384 kbps (assuming first transmission is always successful), using the same number of PRBs (3 PRBs), no bundling scheme can use a TBS of 456 bits, whereas Rel-8/9/10/11 bundling can use a TBS of 1736 bits. The use of larger TBS will improve turbo coding efficiency, thereby achieve higher coding gain. Other potential gains include better time and frequency diversity of the initial transport block transmissions and reduced RLC/MAC and CRC overhead. Note that the effect of overhead reduction at medium data rate is lower comparing to the low data rate since typically larger transport block sizes are applied for medium data rate transmission. In addition, improved channel estimation performance can be achieved if joint TTI channel estimation is implemented at the receiver. The use of TTI bundling may not provide the time diversity gain achieved by using traditional HARQ with single TTI. With bundling, four packets are retransmitted following an ACK/NACK. However, it may be possible that retransmission is needed for only one packet failure – therefore, the use of TTI bundling will introduce unnecessary retransmissions. On the other hand, the use TTI bundling will incur less control channel overhead for scheduling and HARQ signaling compare to single TTI based transmission.
In our previous contribution [3] during Rel-11 study item phase, we have performed extensive numerical simulations to compare the performance of the following schemes

· Enhanced TTI bundling scheme with relaxed PRB constraint;
· Rel-8/9/10/11 TTI bundling scheme with 3PRBs restrictions;
· Single TTI based scheme.

Our observations from [3] are summarized below:
· Observation 1: The use of 4–8 PRBs for frequency allocations in TTI bundling transmissions achieve 1–3 dB MCL performance improvement comparing to the current TTI bundling solution exploiting maximum 3 PRBs at the 384 kbps data rate.
· Observation 2: The TTI bundling transmission mode with 3PRBs constraint has poorer coverage at 384 kbps data rate than the single TTI transmission mode.

· Observation 3: Assuming fixed resource utilization, the TTI bundling transmissions with relaxed PRB constraints have almost the same coverage performance as the regular single TTI transmissions.
Despite the fact that single TTI and TTI bundling schemes with relaxed PRB constraint have almost the similar coverage performance, the TTI bundling solution provide additional benefits of lower control channel overhead and potential channel estimation performance improvement.

Several aspects may be highlighted from the system and specification impact perspective:
· The use of TTI bundling with relaxed PRB constraint will improve the overall LTE link adaptation capabilities and it will allow more flexible adjustment of transmission modes for coverage limited UEs.

· Removing 3 PRBs constraints will have minimum impact on the specification. For instance, all Rel-12 UEs may be configured to support more than 3 PRBs per TTI bundle. The eNB scheduler can differentiate legacy UEs and UEs with enhanced capabilities and make the corresponding scheduling decisions as needed.

· The maximum size of the resource allocation still may be restricted and the WG should address this question if the solution is adopted.
Conclusion

Based on the above discussion, we observe that by removing the 3 PRBs restriction in TTI bundling, more flexible resource allocation and coverage performance improvement can be achieved. In addition, the removal of the 3 PRBs restriction has minimal specification impact. Therefore, we propose to remove the 3 PRBs restriction for TTI bundling. 

Proposal: Remove the 3 PRBs restriction for TTI bundling.
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