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1      Introduction
In RAN1#74bis, the following decision has been made regarding the TTI bundling enhancements for UL VoIP. 
Possible alternatives (at least for FDD)

· Alt 1: 12ms RTT, TTI bundling size of 4 

· Alt 2: TTI bundling size of 20

· Alt 3: TTI bundling size 10

· Alt 4: TTI bundling size of 8

· Alt 5: TTI bundling size of 5

· 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

· Alt 7: TTI bundling size of 20, interleaved

· Alt 8: PUCCH format 3 based

Agreement:
· 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
· It is FFS for TDD.

In this contribution, we present our views on Alt 1 vs. Alt 6. 
2      Summary of proposals
The two alternatives are summarized below. 

2.1     Reduce RTT to 12 ms

The concept of RTT=12 ms is shown in Figure 1. As we can see, with the same delay constraint of 52 ms, with RTT of 12 ms, 5 transmissions can be supported instead of 4. The performance gain due to this increased transmission is roughly 1 dB. Since the only impact is the RTT time, which is still sufficiently large, the implementation impact is minimal. Furthermore, compared with other techniques with different TTI bundling length, the specification impact is smaller. 
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Figure 1. HARQ Timeline with 12 ms RTT
2.2     HARQ Process Combining
The other possible technique is to combine different HARQ processes to transmit the same payload. For example, Figure 2 shows the combining of HARQ bundled process #0 and #1 to transmit the same payload. 

Each of the HARQ process still follows its own HARQ time line, from this aspect, there is no specification change. The only difference is that HARQ processes 0 and 1 are used to transmit the same payload. This is similar to the concept of TTI bundle size 8, but with more scheduling flexibility and no impact of HARQ timeline.   
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Figure 2. HARQ Timeline with Combined HARQ
Note that the concept of such HARQ combining techniques can be easily extended to various TDD configurations. 
2.3     TDD TTI Bundle Enhancements

For TDD, it is desirable to have similar TTI bundling enhancements as FDD. From the two techniques mentioned above, the HARQ combining technique can be readily modified to fit into various TDD frame structure. The concept is shown in Figure 4. In general, if we take any two disjoint HARQ processes, and use them to transmit the same payload, it is possible to get effective combining/bundling gain. 
The HARQ timeline can be kept the same for each process to minimize specification changes. For the example below, two parallel processes can be combined to send the same payload. Furthermore, if one of the processes is ACKed, there is possible early termination. Because the transmission is not in the fixed unit of 4 or 8 bundling, it provides more opportunities for early termination. 


[image: image3.emf]R

V

0

8ms 0ms 16ms

R

V

2

NACK TX

R

V

3

R

V

1

NACK TX

R

V

0

R

V

2

NACK TXNACK TX ACK TX

R

V

0

TX of a new MAC PDU 

can start

TX even though a ACK/NACK 

wasn’t received yet

“Useless” transmission


Figure 3. HARQ Combining with Disjoint Transmission
2.4     Comparison of Different Schemes

Comparing Alt 1 and Alt 6.2, there are the following differences:
· Implementation complexity:

· Alt 1 will result in complicated eNB scheduling and UE implementation. In particular, a Rel-12 UE may have to support 3 different UL RTTs in FDD (8ms, 16ms, and 12ms), and possibly another set of 3 different RTTs in TDD (without bundling, with legacy bundling, and new bundling). The corresponding additional standardization, implementation and testing efforts are rather significant compared with Alt 6.2.

· For Alt 6.2, there is no impact on the RTT, so only two RTTs need to be supported as in Rel 8.
· From the UE’s perspective, the only impact is on the packet combining from the different HARQ processes.  

· Performance gain: 

· With fixed bundling pattern, Alt 6.1 has similar performance to Alt 1. However, Alt 6.2 allows adaptive combining of HARQ processes. Since there are always some early terminations of a HARQ process, dynamically reusing the HARQ process to assist another HARQ process would provide additional gain comparing with Alt 1 and Alt 6.1. 

· Commonality between FDD and TDD:

· For TDD, instead of designing different bundle length and patterns, the same HARQ combining principle can be applied to enhance coverage. 

· Standard impact:

· For Alt 1, a new RTT needs to be introduced.

· For Alt 6.2, some information field (s) in a DCI for UL grant can be re-interpreted for repeating a same TB of another HARQ process. 
3      Summary and Conclusion

In this contribution, we presented our views on VoIP enhancements. We make the following proposals:
Proposal 1:

· Adopt Alt 6.2 for VoIP coverage enhancements for both FDD and TDD. 
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