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1
Introduction
At RAN1-74b, in the agenda item 7.2.4.1 on TTI bundling enhancements for VoIP, it was agreed that:

· Enhanced TTI bundling for UL VoIP will be selected from following the two alternatives for FDD:

· Alt1: Reduction of RTT to 12ms
· Alt6: 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
In this contribution, we propose a solution to Alt 6.2 with minimal specification impact on RAN1. The least impact on 3GPP RAN1 specification matches with the relatively modest gain shown during Rel-11 studies [1]:  enhancements to TTI bundling can improve coverage of VoIP users by roughly 1dB. Also the email discussion [2] prior to RAN1#74b showed that preferred schemes were selected based on lower specification impact.
2
Dynamic scheduling of additional bundling over different HARQ processes with minimal specification impact
We think that the flexible TTI bundling subframe allocation implied by Alt 6.2 can be implemented with the already standardized 4TTI bundling size and “borrowing” physical resources from another HARQ process if needed, as it was proposed in our previous contribution [3]. 
The proposed scheme can be demonstrated with a UE configured in Rel. 8 TTI-bundling mode. When an eNB requires that a UE should send an additional bundle of 4 TTIs, eNB first sends an additional UL grant to this UE. Next, the additional bundle is sent from this UE starting at subframe N + scheduling_delay_bundle, with N being the subframe where UL grant was sent, and scheduling_delay_bundle is the scheduling delay that is currently used. Let’s say that the 4 TTIs starting at point N + scheduling_delay_bundle are normally associated to HARQ process k. Now DCI will trigger transmission of a transport block (TB) that is associated to HARQ process other than k. The TB to be sent in the additional bundle is determined by the redundancy version (RV) MCS field: RV1 means that TB in HARQ process k-1 is transmitted, RV2 relates to HARQ process k-2, etc. The mapping can be interpreted from the Table 8.6.1-1 of [4], where each MCS index corresponds to a triplet combining modulation order, TBS index and RV version. The last 3 MCS indexes 29-31 are reserved where the RV ranges from 1 to 3. Thus those MCS values can be combined with a toggled NDI to indicate that a TB replica associated to a HARQ process other than k shall be sent. The MCS selection used in the transmission is the same as in the previous transmission of the same TB. Also the eNB does not send ACK/NACK feedback on PHICH related to the transmission of an additional bundle. In this case, we see that the same TB is transmitted on the physical resources associated with its own HARQ process plus on the physical resources borrowed from the other HARQ process k. This also means that the transmissions of a transport block remain as part of a single HARQ process. Also Rel.11 synchronous HARQ signaling flow and message fields are conserved. Only an extended interpretation of the MCS index is used.
As mentioned in our previous contribution, this alternative can degrade spectral efficiency as timely ACK/NACK feedback for the scheduling decision of additional bundle is not possible. However, the degrading impact can be kept minimal by scheduling the additional retransmission bundle according to channel state. If the successful decoding of TB likely requires over 10 ms transmission time, it is wise to schedule the additional retransmission bundle right after the first transmission of the TB. If the channel state is good and TB is likely successfully decoded after the 1st retransmission, the use of the additional retransmission bundle can be minimized by scheduling it just before the last (3rd) retransmission.

Regarding signaling from higher layers, the current way of enabling TTI-bundling can be re-used as such.

Overall, we come to the following proposal minimizing RAN1 specification changes, and not impacting RAN2:
Proposal 1: When TTI bundling is applied in FDD mode, support “borrowing” of physical resources associated with another HARQ process.
Proposal 2: In the case of physical resource “borrowing”, combine a toggled NDI with the MCS indexes reserved for RV to indicate the HARQ process for which a TB shall be transmitted in the physical PUSCH resources allocated to the UE. 
4
Conclusion
In this contribution, we have the following proposal to realize 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.” with minimal impact on RAN1 specification, and no impact on RAN2 specification: 
Proposal 1: When TTI bundling is applied in FDD mode, support “borrowing” of physical resources associated with another HARQ process.
Proposal 2: In the case of physical resource “borrowing”, combine a toggled NDI with the MCS indexes reserved for RV to indicate the HARQ process for which a TB shall be transmitted in the physical PUSCH resources allocated to the UE.
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