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1 Introduction

At the RAN1#74bis, the TTI bundling enhancements for UL VoIP were discussed in application to FDD. It was agreed, that the TTI bundling enhancements scheme will be selected from the following alternatives:
· Enhanced TTI bundling for UL VoIP will be selected from following the two alternatives for FDD:

· Alt 1: Reduction of RTT to 12ms
· Alt 6: Flexible bundling size
· Alt 6.1: Fixed bundling pattern of [8, 4, 4, 4, …]

· Alt 6.2: Dynamic scheduling of additional bundling over different HARQ processes (each HARQ process with a DCI) with a fixed bundling size of 4 for a same transport block

· Alt 6.3: Dynamic triggering of flexible bundling sizes (4 or 8) indicated by an information field in DCI
· It is FFS for TDD.
In this contribution, we provide our views on the preferred solution for UL VoIP enhancements in FDD spectrum.

2 Discussion on Potential Alternatives
Alt 1: Reduction of RTT to 12ms

For the TTI bundling enhancement Alt 1 (Reduction of RTT to 12ms or less, shown in Figure 1), a total of 5 HARQ retransmissions are possible in 52ms. This will enable accumulation of up to 20 TTIs per VoIP packet while the legacy Rel-8/9/10/11 PUSCH TTI bundling solution used for VoIP transmission allows accumulation of total 16 TTIs per VoIP packet. As shown in our previous contribution [1], Alt 1 provides very good coverage gain (1.2 to 1.7dB) compare to legacy bundling scheme. Assuming a 20ms packet arrival rate for VoIP, 100% subframe utilization is possible with this option.
Compare to Alt 6.2 and 6.3, Alt 1 has less standardization impact. If Alt 1 is introduced in the standard, new HARQ timing and new number of HARQ processes need to be introduced. Unlike Alt 6.1, the timing relation between PDCCH/PHICH and PUSCH for different bundles are fixed. A possible resource collision between the new HARQ timing and the existing legacy HARQ timing (with or without TTI bundling) may arise. However, this collision can easily be handled at the eNB scheduler. 
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	Figure 1: TTI Bundling enhancement Alt 1 (Reduction of RTT to 12ms)




Alt 6: Flexible Bundling Size

The support of flexible TTI bundling size can be done by multiple ways. The design options that are subject of further considerations by RAN1 WG are discussed in following subsections.
Alt 6.1: Fixed Bundling Pattern of [8, 4, 4, 4, …]
The performance of Alt 6.1 (Fixed Bundling Pattern of [8, 4, 4, 4, …], possible realization shown in Figure 2) should be similar to Alt 1, since both options can accumulate 20TTIs for each VoIP packet. However, in case of Alt 6.1, the initial bundle uses 8TTIs, instead of legacy bundle size of 4TTIs. It is possible that for many of the UEs, the initial bundle size of 4 is sufficient and no additional re-transmission is required. By enforcing transmission of a larger TTI bundle during initial transmission, Alt 6.1 may result in resource wastage. The initial transmission bundle size and subsequent retransmission bundle size is different in Alt 6.1. This will introduce two different timing relation between PDCCH/PHICH and PUSCH for initial transmission and retransmissions, resulting in additional complexity. 
If Alt 6.1 is introduced in the standard, new bundling size, new HARQ timing and new number of HARQ processes need to be introduced. Considering the additional standardization impact for two different timing mechanisms and potential resource wastage due to large initial transmission, we do not prefer this option.
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Figure 2: TTI Bundling enhancement Alt 6.1 (Reduction of RTT to 12ms)

Alt 6.2: Dynamic Scheduling of Additional Bundling over different HARQ processes
The advantage of Alt 6.2 (Dynamic Scheduling of Additional Bundling, possible realization shown in Figure 3) over Alt 6.1 is flexible resource allocation. The initial transmission bundle size can still be 4TTIs. If needed, the eNB can schedule additional bundle retransmission using additional HARQ process. The use of different HARQ processes to transmit the same transport block is not defined in the specification. If Alt 6.2 is introduced, extensive standardization effort will be required in both RAN1 and RAN2 to define multiple HARQ process combining for the same transport block. The triggering of additional bundle will require additional PDCCH grant, thereby incurring higher control channel overhead. Additional DCI signaling modification will be required to indicate the extra TTI bundle.
Considering extensive standardization effort and higher control overhead, we do not prefer this option.
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Figure 3: TTI Bundling enhancement Alt 6.2 (Dynamic Scheduling of Additional Bundling)
Alt 6.3: Dynamic Triggering of Flexible Bundling Size (4 or 8 indicated by an information field in DCI)
In Alt 6.3 (Dynamic Triggering of Flexible Bundling Size, 4 or 8 indicated by an information field in DCI), the eNB can dynamically select between a bundle size of 4, or 8 indicated by the DCI. Similar to Alt 6.1, the mixing of multiple bundle size (4 and 8TTIs) in a HARQ process will lead to multiple timing relation between PUSCH and PDCCH/PHICH. This option can lead to multiple possible realization. For example, the initial transmission bundle size can be 4, and a subsequent retransmission bundle size of 8 can be indicated by the DCI. In this scenario, PHICH cannot used to signal the retransmission, since bundle size indicator for 8TTI bundling will require additional PDCCH grant. This may lead to additional control overhead. Similarly, if the initial transmission is scheduled using semi-persistent scheduling, then additional retransmission using 8 TTI bundle size will require PDCCH grant, resulting higher control overhead. It is possible to use an initial transmission bundle size of 8TTIs – however, this may limit the use of semi-persistent scheduling. 
Considering multiple possible realization, additional control overhead and similar drawbacks as Alt 6.1, we do not prefer this option.
3 Conclusions
In this contribution, we discussed the advantages and disadvantages of potential UL VoIP enhancements options - Alt 1, Alt 6.1, Alt 6.2, and Alt 6.3 for FDD spectrum. Based on our discussion, we conclude that, of the four possible options, Alt 1: Reduction of RTT to 12ms, provides the best coverage gain and requires least changes in the specifications. Alt 6.1 may result in resource wastage and introduce additional complexity due to multiple timing relation between PDCCH/PHICH and PUSCH. Alt 6.2 and Alt 6.3 may have multiple possible realization, and will require further clarification and analysis. Considering the limited timeline of the WI, these options therefore, are not preferable. In addition, these schemes will introduce additional control overhead. We, therefore, propose to adopt Alt 1: reduction of RTT to 12ms for UL VoIP enhancement for FDD.

Proposal:  Alt 1: reduction of RTT to 12ms should be adopted for UL VoIP enhancement in FDD spectrum.
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