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1. Introduction
In RAN1 #68bis meeting, according the approved way forward [1], the following proposals are agreed:
- The coverage of medium data rate PUSCH and UL VoIP can potentially be improved by approximately 1dB by TTI bundling enhancements relative to R10 techniques. Proposed next step of SI until RAN1#69: 

Further investigate the details of TTI bundling enhancements for UL VoIP and medium data rate PUSCH, and the investigation should at least consider:

· Standard impact
· Analysis of network impacts e.g. VoIP capacity, identification of the scenarios in which the enhancements are useful (system level simulations are not mandatory),  
· Latency: Max around 50 ms for VoIP. For medium data rate, proponents should provide latency target assumption or statistics for their simulations
In this contribution, we provide some details on extended TTI bundling for UL VoIP with semi-persistent scheduling. We mainly address the TTI bundling for UL VoIP in FDD mode, while the details on the solutions for the TDD modes are left for further study. 
______________________________________________________________________
2. Discussions

2.1 Semi-persistent scheduled VoIP with TTI bundling
Dynamic scheduling gives full flexibility for optimizing resource allocation, but it requires control signal overhead which might be a limiting factor of capacity for small size packet transmission such as VoIP packet. To avoid the control channel limitation for VoIP capacity, the semi-persistent scheduling (SPS) method was specified in LTE. In SPS, predetermined RBs are periodically used so that there is no need to notify the scheduled user of the scheduling information except for the first time resources are allocated. At the beginning of a talk spurt, the SPS is activated by sending the allocated transmission resources by PDCCH and the UE stores the allocation and uses it periodically according to the periodicity. The SPS periodicity is usually 20ms since VoIP packet arrival rate is 20ms. 
 To enhance coverage of VoIP, TTI bundling was specified in release 8-10 and the bundling size is fixed to 4 in FDD mode. HARQ RTT for 4TTI bundling is 16ms. As discussed in [2], when the bundling size is greater than 4 to further enhance the coverage of VoIP and SPS is configured, there is collision between new VoIP packet and retransmission packet. If dynamic scheduling is configured for VoIP packet, the collision can be easily avoided using other RB assignment for new VoIP packet. Figure 1 shows the collision when 8TTI bundling is configured. Several alternatives of extended TTI bundling are proposed in [2-3]. However, the alternatives require automatic retransmission which results in unnecessary retransmission. In next subsection, we will introduce several alternatives without unnecessary automatic retransmission with taking into account VoIP packet arrival rate and HARQ retransmission.
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Figure 1. Collision between HARQ retransmission and newly arrived packet for 8TTI-bundling
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Figure 2. 4TTI-bundling with SPS

2.2 Extended TTI bundling for VoIP with semi-persistent scheduling
Before discussing the extended TTI bundling, we take a look at release 8-10 TTI bundling (4TTI bundling) with SPS. Fig. 2 shows 4TTI bundling and HARQ process with 16RTT. There is no collision between new packet and retransmission packet in 4TTI bundling with SPS. Here, we observe that every initial VoIP packet transmission next to 4 subframes are always not reserved for HARQ retransmission. Because the maximum number of HARQ retransmissions to satisfy the delay budget of 50ms for VoIP is limited to 3, thus maximum 16 TTIs are reserved for a VoIP which is arrived at UE buffer per 20ms. For further enhancement of VoIP coverage by using this unreserved 4TTI, we propose that the initial transmission of each VoIP packet is 8TTI bundling and every retransmission is 4TTI bundling which is illustrated in Fig. 3. It is noted that compared to 4TTI bundling in release 8-10, this alternative has 0.97dB=10log(20/16) energy accumulation gain which is same as 20TTI bundling proposed in [2] but the proposed scheme has more time diversity than the 20 TTI bundling and fewer unnecessary retransmissions.

Alternative 1: For further enhancement of VoIP coverage, 8TTI bundling could be applied to initial transmission while every retransmission is 4TTI bundling.
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Figure 3. Alternative 1 - 8TTI bundling for only initial transmission and 4TTI bundling for HARQ retransmission
The collision for the 8TTI bundling is caused by that the packet arrival period is smaller than the total retransmission delay (RTT+bundling size). Therefore, we propose the SPS duration modification as second alternative. If the SPS duration could be changed to 24ms, consistent 8TTI bundling can be used as illustrated in Fig. 4. The maximum number of HARQ retransmission for the 8TTI bundling with 24ms SPS duration is 2. TB size change might be needed for 24ms SPS duration. For instance, 12.2kbps AMR VoIP codec 328bits are arrived at MAC layer per every 20ms period. TB size modification as 328*24/20=393.6=394bits might be needed. In this alternative, note that 1.76dB=10log(24/16) energy accumulation gain compared to 4TTI bundling could be achieved.
Alternative 2: To achieve consistent 8TTI bundling, 24ms SPS duration needs to be configured.
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Figure 4. Alternative 2 - consistent 8TTI bundling with 24ms SPS duration
As mentioned above alternatives have fixed energy accumulation gain. From now on, we introduce an adaptive bundling with UE oriented operation without any timing modification. If there is collision between the new VoIP packet and retransmission packet when 8TTI bundling and 20ms SPS duration are configured, UE might be able to determine which VoIP packet (retransmission packet or new packet) will be transmitted. In here, the UE transmits only one packet according to any priority. The priority could be given by various factors such as urgency, channel condition, or etc. In order for eNB to know what packet is transmitted, a signaling from UE to eNB might be needed. For instance, to avoid additional signaling overhead, the VoIP packet type could be implicitly configured by blind decoding of DMRS cyclic shift (CS) pattern. For the blind decoding of DMRS CS pattern at eNB, different DMRS CS pattern according to VoIP packet should be predetermined. 
An example of this operation is illustrated in Fig. 5. SPS duration is 20ms and 8TTI bundling is configured. In this alternative, UE buffer could be filled with untransmitted packets. However, due to the maximum latency constraint of VoIP packet, buffer level would be kept at certain level since UE will discard VoIP packets over 50ms latency after initial VoIP packet transmission. This alternative has dynamic accumulation gain from 12TTI (yellow color packet in Fig. 5) to 28TTI (blue color packet in Fig. 5). 
Alternative 3: When 8TTI bundling and 20ms SPS duration are configured, if there is collision between VoIP packets, then UE transmits only one packet among new packet and retransmission packets according to any priority. In order for eNB to know what VoIP packet is transmitted, explicit or implicit signaling might be needed.
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Figure 5. Alternative 3 – Extended TTI bundling with DMRS CS blind decoding
3. Conclusion
In this contribution, we discussed extended TTI bundling for UL VoIP with SPS. When there is collision between new VoIP packet and retransmission packet, several alternatives were introduced and those are summarized as below:

Alternative 1: For further enhancement of VoIP coverage, 8TTI bundling could be applied to initial transmission while every retransmission is 4TTI bundling.
Alternative 2: To achieve consistent 8TTI bundling, 24ms SPS duration needs to be configured.
Alternative 3: When 8TTI bundling and 20ms SPS duration are configured, if there is collision between VoIP packets, then UE transmits only one packet among new packet and retransmission packets according to any priority. In order for eNB to know what VoIP packet is transmitted, explicit or implicit signaling might be needed.
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