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Discussion
1      Introduction
The new SI on Study on enhancement of VoLTE [1] was approved at RAN#71. The objective of this SI includes:
· Enhancements that improve the VoLTE/video quality perceived, focusing on (RAN1-led):

· Identify if it is possible to re-use the coverage enhancement techniques that have been already discussed in previous releases.
· Identify possible further enhanced HARQ for TTI bundling beyond Rel-12 enhancements. 

In LTE Rel-8, TTI bundling targeting for coverage enhancements was designed for UL VoIP. Enhanced TTI bundling was specified for further coverage enhancement for UL VoIP in Rel-12. In this contribution, we summarize the potential solutions discussed in Rel-12 Coverage Enhancement WI [2] and propose that enhanced TTI bundling specified in Rel-12 should be the baseline for performance evaluation in this new SI.
2      TTI bundling for UL VoIP in LTE Rel-8
TTI bundling is a technique used to send a transport block multiple times in consecutive subframes without waiting for HARQ ACK/NACK messages. TTI bundling was designed in LTE Rel-8, as shown in Fig. 1, targeting for coverage enhancements for UL VoIP. The principle is to maximize the amount of time a UE can transmit continuously at maximum power. A transport block of a VoIP packet is converted to multiple redundancy versions after coding, the different redundancy versions can be transmitted using one bundle in a set of four consecutive subframes (TTIs) without waiting for the HARQ ACK/NACK feedback and a combined ACK/NACK can be sent after processing all the transmissions of a transport block. The bundled TTI’s are treated as a single UL resource assignment where only a single UL grant and a single PHICH ACK/NACK are required. The HARQ retransmission period for TTI bundled allocations in FDD is equal to 16 subframes. TTI bundling in LTE Rel-8 is activated through RRC signalling.
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Fig. 1 Illustration of TTI bundling in LTE Rel-8 for UL VoIP

3      Potential solutions for TTI bundling enhancements for UL VoIP in LTE Rel-12
In Rel-12 Coverage Enhancement WI [2], the following solutions are proposed and discussed.
3.1     Solution 1: Reduction of RTT to 12ms or less [3]

 REF _Ref446682976 \r \h 
[10]
The solution to reduce the round-trip time of the HARQ processes to 12 ms is shown in Fig. 2.
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Fig. 2 TTI bundling with 12 ms HARQ RTT
3.2     Solution 2: Increase of bundling size to 20 TTIs [4]

 REF _Ref446683095 \r \h 
[5]
The solution to increase the bundling size to 20TTIs is shown in Fig. 3.
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Fig. 3 TTI bundling with bundling size 20TTIs
3.3     Solution 3: Increase of bundling size to 10 TTIs [4]

 REF _Ref446683095 \r \h 
[5]
The solution to increase the bundling size to 10TTIs is shown in Fig. 4.

[image: image4.emf]20ms 40ms 60ms 0ms

80ms


Fig. 4 TTI bundling with bundling size 10TTIs
3.4     Solution 4: Increase of bundling size to 8 TTIs (together with change of SPS interval to 24 ms) [7]

 REF _Ref446683121 \r \h 
[8]
The solution to increase the bundling size to 8TTIs is shown in Fig. 5, together with change of SPS interval to 24ms.
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Fig. 5 TTI bundling with bundling size 8TTIs
3.5     Solution 5: Increase of bundling size to 5 TTIs [11]
The solution keeps the number of retransmission to 4 and changes the RTT to 15ms, as shown in Fig. 6.
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Fig. 6 5TTI bundling with 4 transmissions, RTT time is 15ms
3.6     Solution 6: Use of flexible bundling size [8 4 4 4] TTIs [3]

 REF _Ref446683142 \r \h 
[6]
The solution of flexible bundling size for a subset of the transmissions, e.g., [8 4 4 4], is shown in Fig. 7.
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Fig. 7 Flexible bundling size
3.7     Solution 7: TTI bundling size of 20 TTIs with time interleaved [5]

 REF _Ref446682976 \r \h 
[10]
The solution of use of TTI bundling size of 20TTIs with time interleaved is shown as Fig. 8.
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Fig. 8 Bundling size 20TTIs with time interleaved

3.8     Solution 8: PUCCH format3 structure [7]

 REF _Ref446683162 \r \h 
[9]
This solution uses Release 10 PUCCH Format 3 like CDMA channelization for VoIP. This solution introduces a new PUSCH format and new physical resource mapping/spread scheme.
Considering the performance gain and standardization impact, solution 1, i.e., TTI bundling with 12 ms HARQ RTT was finally agreed in RAN1 as the enhanced solution for UL VoIP in Rel-12. One new RRC parameter “e-HARQ-Pattern” was specified in RAN2 to support the enhanced TTI bundling operation. For this new SI on enhancement of VoLTE, we have following proposals:

Proposal 1: Enhanced TTI bundling, i.e. TTI bundling with 12 ms HARQ RTT, specified in Rel-12 should be the baseline for performance evaluation in this new SI. .
Proposal 2: In this SI, we do not need to consider the solutions, (i.e. solution 1-8 in this paper) which were discussed and evaluated in Rel-12 WI stage.
4      Conclusions
In this contribution, potential solutions discussed in Rel-12 Coverage Enhancement WI are summarized. For this new SI on enhancement of VoLTE, we have following proposals:

Proposal 1: Enhanced TTI bundling, i.e. TTI bundling with 12 ms HARQ RTT, specified in Rel-12 should be the baseline for performance evaluation in this new SI.
Proposal 2: In this SI, we do not need to consider the solutions, (i.e. solution 1-8 in this paper) which were discussed and evaluated in Rel-12 WI stage.
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