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1. Introduction

Three methods of TTI bundling were discussed in RAN2 Meeting 61bis, differing in terms of hybrid-ARQ acknowledgement and retransmission timing. Several points were raised in the discussion of the three alternatives which are addressed in this document.
The three alternative proposed schemes are illustrated below:
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Figure 1: TTI Bundling
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Figure 2: “Multi-process” solution
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Figure 3: Modified TTI bundling with reduced retransmission delay

The TTI bundling would be configured semi-statically per UE. 

As explained in [7], the “modified TTI bundling” scheme shown in Figure 3 offers the benefits of the low probability of retransmission from Figure 1, together with a shorter HARQ retransmission latency (which is the aim of the method of Figure 2). 
The pros and cons of the different solutions are summarised in the table below (from [7]):

	
	RLC segmentation
	Fig. 1: 
TTI bundling [2]
	Fig. 2:
“Multi-process” [4]
	Fig. 3:
Modified HARQ RTT [5]

	Pros
	· Short HARQ retransmission latency
	· Small number of ACK/NAK transmissions
· High transmission efficiency
· All subframes can be used in decoding before ACK/NACK
	· Small number of ACK/NAK transmissions
· Shortest HARQ retransmission latency

· High transmission efficiency
	· Small number of ACK/NAK transmissions

· Short HARQ retransmission latency

· High transmission efficiency

· All subframes can be used in decoding before ACK/NACK

	Cons
	· Low transmission efficiency due to overhead and resource grant for each segment

· Large number of ACK/NAK transmissions
	· Long HARQ retransmission latency
	· Unnecessarily high probability of retransmission 
	· Small change to HARQ RTT if bundling is configured


In RAN2#61bis, a question was raised as to how bundling would inter-relate with TDD operation. We analyse this in the following section. 

2. Relation to TDD Frame Structure 

The following table (from [6]) shows how the uplink and downlink allocations are made for the TDD frame structure (where S represents a switching subframe containing only special fields).
Uplink-downlink allocations.

	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Note that in TDD the UL/DL subframe allocation pattern repeats in cycles of 10 subframes. For bundling, a maximum of three subframes can be bundled together in configurations 0, 3 and 6. Clearly bundling does not make sense for configurations 2 and 5 where only one UL subframe is allowed.
For TDD configuration 0 we present diagrams showing how bundling might operate for each of the three alternatives originally proposed for FDD. Thus Figure 4 is derived from the proposal of Figure 1, Figure 5 is derived from the proposal of Figure 2, and Figure 6 is derived from the compromise proposal shown in Figure 3. 
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Figure 4 TTI Bundling for TDD Configuration 0
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Figure 5 “Multi-process” solution for TDD Configuration 0
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Figure 6 : Modified TTI bundling with reduced retransmission delay for TDD Configuration 0
As with FDD, the first solution has a long HARQ retransmission latency. The second solution suffers from unnecessarily high probability of retransmissions, as the ACK/NACK is derived when only one subframe of the bundle has been received. The “modified TTI bundling” solution shown in Figure 6 is a compromise, allowing shorter retransmission latency than Figure 4, but with a retransmission probability no higher than Figure 4. 
For TDD configuration 1, the same principles will apply as for configuration 0, but only 2 subframes can be bundled together. 
For configuration 3, there is only one uplink bundle position per subframe. The first and third solutions therefore become identical, as shown in Figure 7; the second solution (“multi-process”) is shown in Figure 8.
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Figure 7 TTI Bundling (same as “Modified TTI Bundling”) for TDD Configuration 3
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Figure 8 “Multi-process” solution for TDD Configuration 3
For TDD frame configuration 6 the same principle will apply as for configuration 0 but with a maximum bundling of 2 subfames. 
3. Discussion
As shown above, all the proposed solutions can operate for TDD as well as for FDD. The third solution (described as “Modified TTI Bundling”), shown in Figures 3, 6 and 7, offers similar benefits in TDD as already discussed for FDD. 
A conclusion needs to be reached as to the size(s) of TTI bundle which may be configured. Some preferences were expressed for a small number of options in RAN2#61bis. 

As noted above, TDD does not permit bundles larger than 3 subframes. Therefore we propose that 3-subframe bundling should be the baseline for both TDD and FDD. 

We do not see a significant gain for also allowing 4-subframe bundling in FDD. For TDD, if 3 subframes is the only allowed bundle size, the implication is that UL/DL configuration 0 or 3 should be used if TTI bundling is configured. This seems a reasonable limitation to avoid unnecessary complexity; we could even accept a restriction that configuration 0 must be used with TTI bundling; this also seems reasonable, as an UL-heavy subframe allocation would be suitable for an UL-coverage-limited scenario when bundling is needed. 

Therefore we propose that only one bundle size, of 3 subframes, is available. 
4. Conclusions

As outlined above, we propose a way forward for the UL VoIP coverage issue, following the “Modified TTI Bundling” solution outlined in [7] and shown in Figures 3 and 6. 

This offers the combined benefits of the other proposals, i.e. keeping the retransmission latency short but without increasing the probability of retransmission.
To avoid unnecessary complexity, we propose that only one bundle size, of 3 subframes, is available, to be semi-statically configured per UE. 
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