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1 Introduction

In the last RAN1 meeting, the issue on coverage enhancement for TDD system was discussed with the following conclusion:
Further discussion until RAN1#75, focusing on:

· Whether or not further enhancement for Configurations #0, #1, #6 is necessary

· Especially with respect to coverage gain

· If so, details
· Whether or not coverage enhancement for Configurations #2, #3, #4, #5 is necessary

· If so, details
In this document we will discuss the necessity of coverage enhancement for these TDD configurations and give our preferred solutions.
2 Discussion 
2.1 Further Enhancement for Configuration#0, #1, and #6
TTI bundling has been supported in TDD configuration #0, #1 and #6 with fixed bundling size of 4 TTIs. According to the TTI bundling scheme as shown in Figure1, the accumulated TTIs for one VoIP packet in configuration #0, #1 and #6 are all eight under the given delay budget (50ms). However, as the number of UL subframes within 20ms in configuration#0, #1 and #6 are 12, #8 and #10 respectively, so it is possible to further enhance the coverage for configuration#0 and #6.
[image: image1.emf]0

1 2 3 4 5 6 7 8 9

0

1 2 3 4 5 6 7 8 9

0

1 2 3 4 5 6 7 8 9

0

1 2 3 4 5 6 7 8 9

0

1 2 3 4 5 6 7 8 9

0

1 2 3 4 5 6 7 8 9

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1

D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U D S U U U

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D D S U U D

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D D S U U U D S U U D



Conf#0



Conf#1



Conf#6


Figure1. Illustration for the TTI bundling in TDD Configuration#0, #1 and #6

One way to achieve the potential performance gain is to change the TTI bundling scheme, e.g. changing the bundling size and HARQ timing so that the number of accumulated TTIs within 50 ms can reach the maximum value. The benefit of this way is that the accumulated TTIs can be maximized stringently within the 50 ms delay budget. However the specification and network impact incurred by these kinds of solutions are not negligible. Firstly the bundling size and HARQ timing have to be redefined. And the changes will break down the fixed mapping role between the process in TTI bundling and the processes in single TTI transmission scheme, which will impose more complexity upon eNB scheduler so as to handle the possible collision between UEs working in the new TTI bundling scheme and the UEs working in other schemes.
In the last RAN1 meeting, one agreement was made on coverage enhancement for VoIP in FDD system. According to the agreement the final solution for VoIP coverage enhancement will be selected from two alternatives [1]. Note that the delay budget needed for maximizing the number of accumulated TTIs is 52 ms in both of these candidate solutions, which means it is acceptable for the VoIP delay budget in FDD system to be extended to 52 ms. If we re-study the Rel.8 TTI bundling scheme in TDD configuration#0 under the same delay budget, we will find that the accumulated TTIs for one VoIP packet can also reach the maximum value (12 TTIs). The only thing needs to do is starting the third bundling HARQ process (the one marked with orange colour) from subframe#7 but subframe#4, as shown in figure 2.
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Figure2. Illustration of Rel.8 TTI bundling for TDD configuration#0 and #6 in long term
On the other hand, the number of accumulated TTIs in TDD configuration#6 can reach 12 under the Rel.8 TTI bundling scheme if the VoIP delay budget can further be extended to 56 ms, as illustrated in Figure2. Although the number of 12 exceeds the maximum number of UL subframes within 20 ms for configuration#6, it may not be problematic. As the most robust transmission scheme (i.e. the scheme with 3 times transmission) will only be used when the wireless channel between UE and eNB is in deep fading. If the channel becomes better, less than 12 TTIs will be enough for the packet transmission. So the overuse of UL subframes in part of packet transmission will not lead to buffer accumulation unless the UE get into ultimate severe situation, i.e. long time deep fading and voice burst, which is a low probability event.
Through the analysis above we think it is not necessary to change the bundling scheme for the further coverage enhancement in configuration #0 and #6. Under the 52 ms delay budget which has already been agreed in FDD system, there is no room to further enhance the coverage for configuration #0 any more. As configuration #6 is not a typical configuration in practical TDD network, there is no need to spend extra specification efforts for such a configuration. If it is considered that further enhancement for this configuration is necessary, we propose to further relax the VoIP delay budget for TDD system to 56 ms and remain the TTI bundling scheme unchanged.
Proposal 1: The VoIP delay budget for VoIP in TDD system should be relaxed at least to 52 ms to keep alignment with that in FDD, it can be considered to further relax the value to 56 ms. The TTI bundling schemes for TDD configuration #0, #1 and #6 should remain unchanged as that defined in Rel.8.
2.2 Enhancement for Configuration#2, #3, #4 and #5

As the limitation of the number of UL subframes in the TDD configurations #2, #4 and #5, it is impossible to obtain any performance gain in contrast with single TTI transmission through TTI bundling for VoIP. And if relax the VoIP delay budget to more than 50 ms, TTI bundling cannot bring any gain comparing with single TTI transmission scheme for configuration#3 either. However as what has been verified in the SI, TTI bundling is beneficial for medium data PUSCH transmission by virtue of large block coding gain and the reduced overhead of higher layer heads.

So we propose to extend TTI bundling to configuration#2, #3 and #4. As the PUSCH RTT for these TDD configurations are all 10 ms, which is the same as that of TDD configuration #1. So the design principle for TTI bundling in TDD configuration #1 can be reused in these configurations. In order to reduce the diversity, the TTI bundling scheme {bundling size equal to 2/3/2 respectively, two HARQ processes, 20ms RTT}, which shares the same HARQ process number and RTT as that in the TTI bundling scheme for TDD configuration#1 , is preferred.
Proposal 2: extend TTI bundling to configuration#2, #3 and #4 with bundling scheme: : {bundling size equal to 2/3/2 respectively, two HARQ processes, 20ms RTT}. 
3 Conclusion
In this contribution we analyzed the necessity and possible solutions for the coverage enhancement in the different TDD configurations, and we have following proposals:
Proposal 1: The VoIP delay budget for VoIP in TDD system should be relaxed at least to 52 ms to keep alignment with that in FDD, it can be considered to further relax the value to 56 ms. The TTI bundling schemes for TDD configuration #0, #1 and #6 should remain unchanged as that defined in Rel.8.
Proposal 2: extend TTI bundling to configuration#2, #3 and #4 with bundling scheme: : {bundling size equal to 2/3/2 respectively, two HARQ processes, 20ms RTT}. 
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