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1 Introduction 

In the SI phase, TTI enhancement for medium data rate PUSCH was investigated with the following conclusion [1]:

The coverage benefit is observed from TTI bundling enhancements for medium data rate PUSCH. Potential solutions may impact the specifications at least from one of the following aspects

· allocating more than 3 PRBs per subframe

The gain was shown to be on the order of 1 dB. In the WI, one of the objectives is to:
· 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

In this contribution, we discuss the possible specification change in order to support more than 3 PRBs per subframe for TTI bundling.
2 Discussion
In Rel-8, TTI bundling was introduced mainly for VoIP. However, it can be applied to data transmission once it is configured. Rel-8 TTI bundling supports 4-TTI bundling with 16 ms RTT, with the following restriction:

· The resource allocation size is 3 PRBs or less, which means the maximum TBS is 2216 bits.
· The modulation is always set to QPSK.
By allowing more than 3 PRBs allocated for TTI bundling, some coverage gain can be achieved. In [3], we showed about 0.5 dB link level gain when allocating 4 PRBs compared to 3 PRBs at medium data rate of 384 kbps. We do not expect much additional gain with more PRBs allocated. There is also a cost associated with the limited coverage gain, which is reduced spectral efficiency. So even though we could choose to completely remove the constraint on TTI bundling, it may not be necessary or provide much benefit. Given the additional performance requirements and testing effort that may be associated with different cases, it can be considered to relax but still limit the number of PRBs.
Proposal 1: Relax but still limit the number of PRBs allocated for TTI bundling.

Regarding the modulation scheme, given that the data rate of interest is around 384 kbps, it is reasonable to stick with Rel-8 scheme and always use QPSK.
Proposal 2: Always use QPSK.

Another question is whether the MCS table needs to be enhanced for TTI bundling. For example, the UE could use 4*TBS instead of TBS directly from the table to account for 4-TTI bundling. However, given that QPSK is always used, the only question is whether the current range of TBS is sufficient or not. For example, if we extend the number of PRBs to 5, the maximum TBS becomes 3752, which corresponds to a data rate of about 900 Mbps. This would be sufficient for UEs with target data rate of 384 kbps. Keeping the same MCS table would also allow the UE/eNB to reuse the existing design to the largest extent. Therefore, we propose:
Proposal 3: Use the existing MCS table without changing the interpretation.

With proposal 1-3, the enhancement has very limited specification impact:

1. Higher layer signaling needs to be defined so that the eNB can differentiate the new UEs from the legacy UEs.
2. Relax the number of PRBs in 36.213 for the new UEs.

3 Conclusions
For TTI bundling enhancement for medium data rate PUSCH, we propose the following:

Proposal 1: Relax but still limit the number of PRBs allocated for TTI bundling.

Proposal 2: Always use QPSK.

Proposal 3: Use the existing MCS table without changing the interpretation.

These proposals result in very limited specification impact.
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