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1.	Introduction
The R12 WI on LTE coverage enhancements was approved in June 2013 RAN#60. Following the August RAN1#74 meeting, an email discussion took place to down-select from candidate solutions [1]. Two VoIP enhanced TTI bundling schemes were identified by many companies as preferred candidate solution, i.e. “Reduction of RTT to 12ms or less” (3.2.1) and “Use of flexible bundle size” (3.2.6).
In this contribution, we discuss detailed expected specification impacts for the VoIP enhanced TTI bundling scheme “Reduction of RTT to 12ms or less” (3.2.1).

2	Specification impacts
The HARQ re-transmission timeline for the Reduced 12ms RTT approach is shown in Figure 1 for a single HARQ process.
The TTI bundle size of 4 is left unchanged when compared to R8 TTI bundling. However, the re-transmission delay is reduced from 16 subframes to now 12 subframes. A total of 3 concurrent HARQ processes can be supported. RLC segmentation can therefore not be applied anymore. Link-level performance is improved by about 1dB when compared to R8 TTI bundling for the same allowed Uu delay in the order of 52ms [2][3].
From the UE transmission perspective, the k+12 re-transmission timeline still allows for PDCCH in k1-4 prior to a PUSCH transmission beginning in subframe k1. The PUSCH to PHICH/UL grant delay is shortened to k2+4 where k2 is the last PUSCH subframe of a bundle. The PHICH AN is still received in the 4th subframe following the last transmitted TTI of a bundle located in UL subframes k1…k2. Both PHICH and UL grant must now occur in the same DL subframe prior to the re-transmission of that HARQ process.
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Figure 1: Reduction of RTT to 12ms (k+12 re-Tx, 5 max Tx per HARQ#, 3 concurrent HARQ proc.)
Very little changes are expected when compared to the R8 TTI bundling UE implementations.
The UE Tx buffer for incoming VoIP packets will need to operate under more stringent constraints when compared to R8. This is due to the fact that starting intervals for all 3 concurrently running HARQ processes are precisely timed, i.e. close to 100% UL subframe utilization is reached. The predefined R8 RV sequence can still be used to generate the TTI bundle of size 4 like inR8.
Both dynamic grant and UL SPS based allocations can be used. Transmission of PUSCH and mapping of DL AN into a PUSCH in any given TTI can be done as by R8 specifications. UL Tx power control specifications are not impacted.
In fact, the most significant impact from the k+12 reduced RTT transmission scheme for VoIP comes from the possible need to deal with the synchronous k+8/k+16 HARQ timelines of legacy UE’s versus the new R12 k+12 HARQ timelines in the eNB scheduler. No specification changes to R8 synchronous HARQ (re-)transmission procedures are necessary.
The possible need to send UL grants for affected users more frequently in order to re-allocate some to not colliding PUSCH RB’s should not be seen as a huge handicap. Given the small number of 1-3 RB’s required to carry VoIP over PUSCH, it would take a very significant amount of VoIP users simultaneously present in the system before PUSCH allocation constraints materialize even for 5 MHz LTE carriers.
We expect therefore that from the eNB perspective, the use of k+12 re-transmission patterns will somewhat increase complexity to deal with the prevention of collisions in UL subframes from R8 synchronous HARQ re-transmissions, but no actual specification changes are necessary.
It may be worth pointing out that the introduction of a new R12 UL HARQ k+12 transmission timeline at system level results in that interference seen by a given HARQ process for a legacy R8 UE will start to fluctuate. Different HARQ processes from a new R12 k+12 UE will coincide over periods of several frames with those of a given R8 HARQ process whereas before it was always the same HARQ processes from a R8 UE that maps to subframes in use by a UE employing R8 TTI bundling.

3	Conclusions and Recommendations
In this contribution, we discuss detailed expected specification impacts for the VoIP enhanced TTI bundling scheme “Reduction of RTT to 12ms or less” (3.2.1) [1].
In summary, most specification impacts to introduce support for 12ms RTT with TTI bundling can be expected for 36.321 MAC. Of course, 36.331 RRC will also see minor updates to support configuration of the new R12 TTI bundling. The fact that RLC segmentation can’t be applied when a R12 UE’s is configured to use TTI bundling with l+12 RTT doesn’t have specification impacts. Resolving conflicting PUSCH allocations due to the mismatch of R8 k+8/k+16 and R12 k+12 synchronous HARQ re-transmission timelines can be handled through eNB implementation.
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