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1. Introduction
To improve uplink coverage, LTE introduced a solution based on TTI bundling in last meetings. Several documents discussed the solution and compared different three alternatives for hybrid-ARQ acknowledgement and retransmission timing in RAN2#61bis. But how to apply the solution in TDD is still pendent. This paper is aimed to discuss this topic and makes our preference.
2. Discussion

2.1 Bundle size
A bundle includes a set of consecutive subframes. For FDD, the bundled subframes are consecutive in time domain. For TDD, a bundle includes a set of “contiguous” uplink subfames which may be inconsecutive in time domain, i.e., there may be some downlink subframes and special subframe between 2 contiguous uplink subframes.
It is proposed that the possible configuration range of bundle size could be 2, 4, and 8 in FDD [3]. Considering the TDD frame structure and different DL/UL subframe allocations, we propose to define a bundling window, and only the uplink subframes in the same bundling window can be bundled as a single resource. So the maximum bundle size depends on DL/UL allocations.
There are two methods to define the bundling window.
Method 1: define the bundling window length to be 10ms which equals to the length of a radio frame.

Method 2: define the bundling window length to be the total number of uplink processes.
The maximum bundle sizes based on the two methods are shown in Table 1. Method 1 accords with the switch-point periodicity in TDD. Method 2 accords with the rule of process. Since the maximum bundle size in FDD is 8 which equals to the total number of uplink processes. We suggest adopting the method 2, i.e., the maximum bundle size equals to the total number of uplink processes.
	Table 1: The maximum bundle size
DL：UL
	1: 3
	2: 2
	3: 1
	6: 3
	7: 2
	8: 1
	3: 5

	Method 1
	6
	4
	2
	3
	2
	1
	5

	Method 2
	7
	4
	2
	3
	2
	1
	6


Proposal 1: 
Any “contiguous” uplink subframes not larger than the maximum bundle size can be bundled and the maximum bundle size equals to the total number of uplink processes which depends on DL/UL allocations.
Considering the limitation of the maximum bundle size and scheduling complexity, the possible configuration range of bundle size in TDD could be the value shown in Table 2. If following the value of 2, 4, 8 for FDD, the maximum bundle size will be 4 for TDD, it maybe can’t meet the requirement of coverage. So we introduce the value of 3, 6.
	Table 2: Bundle size in TDD
DL：UL
	1: 3
	2: 2
	3: 1
	6: 3
	7: 2
	8: 1
	3: 5

	Maximum bundle size
	7
	4
	2
	3
	2
	1
	6

	Configuration range of bundle size
	2、3、4、6
	2、4
	2
	2、3
	2
	1
	2、3、4、6


Proposal 2: 
Adopt the possible configuration range of bundle size as shown in Table 2 for TDD.
2.2 HARQ and retransmission timing
2.2.1 UL HARQ patterns in TDD

RAN1 proposed UL HARQ patterns as shown in Figure 1 in RAN1#52bis. There are 3 types of HARQ RTT related to different DL/UL allocations.
· 1DL: 3UL: RTT is 
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 in turn, and the first RTT value depends on the position of the uplink subframe.
· 3DL: 5UL: RTT is 
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 in turn, and the first RTT value depends on the position of the uplink subframe.
· Others: RTT=10ms

In Figure 1, P* means PHICH position, such as P1 means HARQ feedback for process 1; G* means PDCCH position, such as G1 means scheduling process 1.

[image: image3]
Figure 1: UL HARQ patterns in TDD
2.2.2 Timing in bundling
RAN1 selected three feasible alternatives for HARQ and retransmission timing in the reply LS [1]. In the LS, three alternatives are applied to FDD. Obviously, timing relation should be different while TTI bundling applied in TDD.

2.2.2.1 Alternative 1
Figure 2 shows the HARQ and retransmission timing relation for FDD in alternative 1.
· HARQ acknowledgement is corresponding to the last subframe in the bundle.
· RTTbundling = 2*RTT.
· For the case of FDD, if the last subframe in a bundle is subframe n then the acknowledgement is transmitted in subframe n+4

· For the case of FDD, if the first subframe in a bundle is subframe k then any HARQ retransmissions begins in subframe k+2*HARQ RTT 
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Figure 2: Alternative 1 of bundling for FDD
In TDD, there are different RTTs for the same process in some DL/UL allocations. If the first subframe in a bundle relates to process k in the case of no bundling, then any HARQ retransmissions begins in the nextbut one subframe related to process k in the case of no bundling. This rule is suitable for FDD too. The timing relation is shown in Figure 3 taking the example of 1DL: 3UL configuration.
1DL：3UL


[image: image5.emf]7

U U U DS

subframe

U U U DS U U U DS U U U DS U U U DS U U U DS U U U DS

Grant/PHICH

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

P

67

P

1

P

23

P

4

P

56

P

7

P

12

P

3

P

45

P

6

P

71

P

2

P

34

P

5

Bundle 

size=3

3 2 1

P

123

3 2 1

P

123

Bundle 

size=2

2 1

P

12

2 1

P

12

4 3

P

34

4 3

P

34

6 5

P

56

6 5

1 7

P

71

7

...

6 5

4

P

456

6 5 4

2 1 7

P

712

7

Bundle 

size=4

3 2 1

P

1234

3 2 1

6 5

4

P

5671

6 5

4

1 7 7 1

Unused

Figure 3: An example of alternative 1 of bundling for TDD
Alternative 1 for TDD:
In alternative 1, if the first subframe in a bundle relates to process k in the case of no bundling, then any HARQ retransmissions begins in the nextbut one subframe related to process k in the case of no bundling.
2.2.2.2 Alternative 2
Figure 4 shows the HARQ and retransmission timing relation for FDD in alternative 2.
· HARQ acknowledgement is corresponding to the first subframe in the bundle.
· RTTbundling = RTT.
· For the case of FDD, the hybrid-ARQ acknowledgement is obtained from decoding the first subframe only.
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Figure 4: Alternative 2 of bundling for FDD
Alternative 2 doesn’t increase the latency and keep the current RTT, but it implies that unnecessary retransmissions may take place, given that ACK/NACK is generated based only on the first subframe in a bundle. 
For FDD, the timing between the first subframe in a bundle and the transmission instant of the HARQ acknowledgement is 4ms always. For TDD, the timing relation isn’t a fixed value. So it is possible to decode more subframes in the HARQ acknowledgement instant. So we propose that the HARQ acknowledgement is obtained from decoding the subframes in a bundle received before (HARQ acknowledgement instant – process delay). This method can decrease unnecessary retransmissions for 6DL: 3UL and 7DL: 2UL configurations. The HARQ timing relations used this method are shown in Figure 5.
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Figure 5 HARQ timing for TDD
As shown in the Figure 5, it is better to limit the first subframe in a bundle as the first subframe of a series of consecutive uplink subframes. But we think it’s an implementation issue.
Alternative 2 for TDD:

In alternative 2, the hybrid-ARQ acknowledgement is obtained from decoding subframes as much as possible in a bundle before the HARQ acknowledgement instance.
2.2.2.3 Alternative 3
Figure 6 shows the HARQ and retransmission timing relation for FDD in alternative 3.
· HARQ acknowledgement is corresponding to the last subframe in the bundle.
· RTTbundling = RTT + bundle size - 1.
· For the case of FDD, if the last subframe in a bundle is subframe n then the acknowledgement is transmitted in subframe n+4
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Figure 6: Alternative 3 of TTI bundling for FDD
The value of HARQ RTT in TDD is lager than that in FDD. The largest value of RTT in TDD is 14ms which is almost twice as large as RTT in FDD (8ms). Alternative 3 reduces the delay as compared to alternative 1. So it’s attractive for TDD as the first glance. But with alternative 3 new HARQ RTTs different from the no bundling case is used which depends on the number of bundled subframes. The HARQ and retransmission timing is very complex in no bundling cases for TDD. If alternative 3 applied in TDD, it’s more difficult to define the UL HARQ patterns. And scheduling complexity is higher than FDD. So we’d like to exclude alternative 3.
2.2.2.4 Comparisons
In meeting RAN2#61bis, some documents compared the three alternatives in detail for FDD. As discussed in the last section, alternative 3 is too difficult to implement in TDD. So this paper will compare the alternatives 1 and alternative 2 for TDD mainly.
1) ACK/NACK and subframes time relationship
Alternative 1: HARQ feedback is linked to the last subframe in a bundle. No unnecessary retransmission.
Alternative 2: HARQ feedback is linked to the subframes which can be decoded before the HARQ acknowledgement instance. There are less unnecessary retransmissions in some DL/UL allocations for TDD than that in FDD.
2) Latency
Alternative 1: There is longer retransmission latency in TDD than that in FDD. The value of RTT after TTI bundling is 20~25ms in TDD.
Alternative 2: No change to the current HARQ RTT.
3) Maximum number of HARQ retransmissions
As a consequence of the latency increase, the allowed maximum number of retransmissions decreases for a given air interface delay target. With Alt.1, a reduced number of HARQ retransmissions is allowed compared to Alt.2.

Alternative 1: The maximum number of HARQ retransmissions for TDD is decreased more than that for FDD because of longer latency.
Alternative 2: No difference with the no bundling case.

4) Semi-persistent scheduling collisions
Alternative 1: The first retransmissions will collide with other initial transmissions in many DL/UL allocations. So the semi-persistent scheduling collisions are more serious in TDD.
Alternative 2: No difference with the no bundling case.
5) Interaction with other UEs not using bundling
Alternative 1: The unused resources from bundling cannot be allocated to other UEs not using bundling since retransmission would collide with UEs using bundling

Alternative 2: No collision with other UEs not using bundling.
6) Scheduling Complexity
Alternative 1: The collisions between the whole group of UEs using bundling and the group of UEs not using bundling need to be considered in term of scheduling constraints. Because of the semi-persistent scheduling collisions, scheduling complexity increases more in TDD.
Alternative 2: No more scheduling complexity introduced.
With above comparisons, we find that the main two shortages of alternative 1 for FDD which are long latency and scheduling complexity are more serious for TDD. And the main shortage of alternative 2 for FDD which is unnecessary retransmissions is alleviated in some DL/UL allocations for TDD. According to all investigated aspects, we think that alternative 2 should be selected as the bundling solution for LTE TDD.
Proposal 3: 
Select alternative 2 as the bundling solution for LTE TDD.
Since we prefer alternative 2, it is necessary to adopt the optimization of alternative 2 for TDD.
Proposal 4:

In alternative 2, the hybrid-ARQ acknowledgement is obtained from decoding subframes as much as possible in a bundle before the HARQ acknowledgement instance.
3. Conclusion
This paper discusses how to apply TTI bundling in TDD. We discuss two topics: bundle size setting; HARQ and retransmission timing while using TTI bundling. And conclude the following proposals.
Proposal 1: 
Any “contiguous” uplink subframes less than the maximum bundle size can be bundled and the maximum bundle size equals to the total number of uplink processes which depends on DL/UL allocations.
Proposal 2: 

Adopt the possible configuration range of bundle size as shown in Table 2.

Proposal 3: 
Select alternative 2 as the bundling solution for LTE.
Proposal 4:

In alternative 2, the hybrid-ARQ acknowledgement is obtained from decoding subframes as much as possible in a bundle before the HARQ acknowledgement instance.
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