Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #62
Tdoc R2- 082148
Kansas City, USA, 5.-9. May 2008 



Agenda Item:
5.1.1.2
Source: 
Ericsson 

Title:  
TTI-Bundling Considerations for TDD
Document for:
Discussion, Decision

1 Introduction
At the last RAN2 meeting it was felt that the TTI-Bundling feature requires more considerations for the LTE TDD mode.
In this paper we discuss TTI-Bundling for TDD in detail and propose a way forward.
2 General
The definitions for the bundling alternatives ‎[1] for FDD are of little use for TDD, since the timing aspects of HARQ feedback and uplink grants for retransmissions can not be so easily described as for the FDD flavors. 
RAN1 has decided on a HARQ feedback timing and uplink grant pattern for all different TDD uplink/downlink allocations for unbundled operation. This PHICH and PDCCH mapping can be found in ‎[5]. The essential consequence of this RAN1 agreement is that the PHICH for a certain transmission and the PDCCH for the corresponding retransmission are co-located in the same subframe and are sent at least 4 subframes before the retransmission starts. On a high level, 4 subframes are used when the resulting subframe is a downlink subframe. If it is an uplink subframe, the preceding downlink subframe is used. The exact timing definitions can be found in ‎[5].
In order to re-use the existing TDD framework as much as possible, we suggest that the same HARQ feedback and PDCCH timing guidelines shall be applied in case of bundling. Although this decision is up to RAN1, we take this approach as baseline assumption for this discussion.
Based on the three FDD alternatives that have been proposed, we see the three following alternatives for TTI bundling for TDD:

· HARQ Feedback based on last subframe in the bundle 

· Collisions with unbundled UEs are avoided by mapping each bundled HARQ process to subframes otherwise used by a static set of unbundled HARQ Processes
· HARQ Feedback based on first subframe in the bundle, sometimes HARQ feedback timing allows to consider more subframes
· Collisions with unbundled UEs are avoided by mapping each bundled HARQ process to subframes otherwise used by a static set of unbundled HARQ Processes
· HARQ Feedback based on last subframe in the bundle

· Collisions with unbundled UEs are not avoided as the bundled process uses the earliest available subframe and thereby minimizes the delay

3 Discussion
Although it is desirable to enhance the uplink coverage also for TDD, there are TDD configurations ‎[5], for which only very limited UL resources are defined, i.e. the configurations 2, 4 and 5 that have 2 or 1 UL resource per 10 ms frame. In principle it would be possible to apply bundling also for these configurations, but we think that these configurations are not primarily the ones that should be applied in coverage limited scenarios. In order to limit the complexity, we propose to not specify a TTI bundling configuration for these TDD configurations.

Proposal 1: No TTI bundling configuration should be specified for TDD configurations 2, 4 and 5.

For all other TDD configurations a TTI bundling mode should be introduced.
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Figure 1: Examples for TTI bundling alternatives 1, 2 and 3 for TDD configuration 6 (3DL/2ST/5UL), alternative 1 and 2 use TTI_Bundle_Size 3, alternative 3 uses TTI_Bundle_Size 2 and 3
The examples in Figure 1 show the three TTI bundling alternatives defined in section ‎2 for TDD configuration 6. The colour in the UL data row indicates which subframes are used for which bundled HARQ process (thus, the colour can be interpreted as the HARQ process ID of a bundled HARQ Process), while the number points to the HARQ process ID used for normal HARQ operation. The same colour as for the bundled HARQ process is used for the corresponding PHICH signals and grants. The number in the PHICH field (e.g. F2) indicates the number of the original process ID (in this example: process 2) that could be taken into account for feedback. UA stands for uplink assignment on PDCCH. The timing of those uplink assignments (or grants) is in line with the definition in ‎[5], i.e., the subframe used for the grant is already in line with the timing agreed in RAN1. The corresponding PHICH transmission is co-located in those subframes. As a consequence, the PHICH timing for TTI bundling and TDD needs to be defined in RAN1, while the PDCCH timing can be re-used for TDD.
The 3 alternatives shown differ essentially in two ways. The difference between alternative 1 and 2 is that alternative 2 uses premature feedback in order to reduce the HARQ RTT for the bundled process. However, both, 1 and 2, have in common that a bundled HARQ process uses the subframes corresponding to a fixed set of normal HARQ processes. This avoids collisions with unbundled HARQ processes of other UEs. For example, in Figure 1, Alternative 1 uses the unbundled HARQ processes 1, 2 and 3 for a first bundled process (magenta). Retransmissions are done using the subframes reserved for the same unbundled HARQ processes. However, with mature feedback (alternative 1) one HARQ cycle is not used, but another process can be interlaced (blue). Thus, the properties of Alt. 1 are similar to the FDD Alt. 1.
Alternative 2 is based on premature feedback, but also maps bundled HARQ processes to the subframes used by a static set of normal HARQ processes. However, here the feedback comes early and therefore retransmission delays are reduced. The bundled HARQ process can perform a retransmission at the next occasion of the first unbundled HARQ processes corresponding to the bundle. For the FDD Alt. 2, the HARQ feedback is sent always based on the reception status of the first subframe in the bundle. The TDD HARQ timing allows for in a few cases for a small delay and therefore for more mature feedback since the uplink/downlink pattern is defined in some cases for 10 ms. This allows that the feedback could take the subframes after the first subframe into account for the HARQ feedback. For example, in the fifth frame (see Figure 1) the HARQ feedback timing allows to take the 2nd subframe (marked with F5) of the bundle into account. Anyway, the premature feedback leads to unnecessary retransmissions.
Alternative 3 finally is equivalent to the FDD alternative 3. HARQ feedback is sent based on the last bundled subframe, but the subframes used for retransmission do not correspond to those that would be used for unbundled HARQ processes. That means that collisions with UEs operating without bundling could occur with bundled transmissions.
4 Comparison
Our two main arguments in favour of Alternative 1 for FDD ‎[3] are that first, collisions with unbundled UEs are effectively avoided and second, the resource consumption is significantly better compared to Alternative 2 for FDD.

We believe that both arguments are valid also for the TDD discussion. The latter argument is even strengthened by the fact that the amount of uplink subframes in a given delay budget is even more restricted than for FDD since the time-multiplex operation reduces the uplink transmission opportunities considerably. Thus, it is even more important not to waste uplink resources by performing unnecessary retransmissions. Due to this reasoning we propose:
Proposal 2: Define TTI bundling according to the definition of Alternative 1.
HARQ Feedback is based on the last subframe in the bundle 

Collisions with unbundled UEs are avoided by mapping each bundled HARQ process to subframes otherwise used by a static set of unbundled HARQ Processes
5 Detailed Proposal
From now on we assume that proposal 1 and 2 are acceptable.

The TDD operation with its different configurations introduces still several options how to introduce TTI bundling based on Proposal 2 above.
First, TTI bundling could be specified with a single TTI_Bundle_Size for all TDD configurations that have been considered suitable (see Proposal 1). For example all TDD configurations could use 3 or 4 subframes for a bundled process. Alternatively, each TDD configuration could have one specific TTI_Bundle_Size. Finally, several different TTI_Bundle_Sizes could be defined for each TDD configuration.
Similarly, it needs to be considered how many bundled processes shall be supported. In the view of VoIP packet interarrival times of 20 ms, it seems reasonable to have 3 or 4 bundled HARQ processes running in parallel.

The total number of uplink subframes available during a given delay budget, of e.g. 60 ms, varies significantly between the different TDD configurations. For example TDD configuration 0 provides 36 subframes in 60 ms while configuration 3 provides 18. 
The available number of uplink opportunities needs to be assigned efficiently between the processes and results in a trade-off between TTI_Bundle_Size and Number of bundled HARQ processes. In addition, the TDD pattern has an impact on the choice of the TTI_Bundle_Size.

In order to effectively reduce the number of PHICH signals, we prefer bundle sizes of at least 3.

Existing Options:

	TDD configuration
	TTI_Bundle_Size
	Number of bundled HARQ Processes
	Max. Subframes in 60 ms per bundled Process
	Unused Subframes in 60 ms
	Comment 

	0: 1DL/1​ST/3UL
	3
	4
	9
	4
	

	0: 1DL/1​ST/3UL
	4
	3
	12
	4
	2nd choice 

	0: 1DL/1​ST/3UL
	3 and 4
	4
	9/12
	0
	Preferred

	1: 2DL/1​ST/2UL
	2
	4
	6
	0
	

	1: 2DL/1​ST/2UL
	4
	2
	12
	0
	Preferred

	2: 3DL/1​ST/1UL
	N.A.
	N.A.
	
	
	N.A.

	3: 6DL/1​ST/3UL
	3
	1
	18
	0
	Also acceptable

	3: 6DL/1​ST/3UL
	3
	2
	9
	0
	Preferred

	4: 7DL/1​ST/2UL
	N.A.
	N.A.
	
	
	N.A.

	5: 8DL/1​ST/1UL
	N.A.
	N.A.
	
	
	N.A.

	6: 3DL/2​ST/5UL
	3
	4
	9
	0
	

	6: 3DL/2​ST/5UL
	4
	3
	12
	0
	Preferred


A discussion on the different options for each TDD configuration can be found in the Annex.
Allowing several options for each TDD configuration would give some degree of freedom to adapt to special scenarios. However, we prefer to limit the number of options and to limit the flexibility. 

Proposal 3: Only a single TTI bundling configuration for each TDD DL/UL configuration should be specified.
Proposal 4: If agreeable, the preferred option for each TDD DL/UL configuration for TTI bundling should be provided to RAN1 in order to capture the relevant uplink HARQ timing issues for TDD in the relevant specifications.
6 Conclusions
We discussed the open issues of TTI bundling for TDD and made a few proposals on the way forward. 
Since some TDD UL/DL configurations are less reasonable in uplink coverage limited scenarios, we proposed 

Proposal 1: No TTI bundling configuration should be specified for TDD configurations 2, 4 and 5.

Secondly, we see advantages in following a similar track as we have proposed for FDD, i.e., avoid collisions with other UEs that are not configured for TTI bundling and do not waste resources due to pre-mature feedback. In particular the latter is even more important for TDD than for FDD. Therefore, we proposed
Proposal 2: Define TTI bundling according to the definition of Alternative 1.
HARQ Feedback is based on the last subframe in the bundle 

Collisions with unbundled UEs are avoided by mapping each bundled HARQ process to subframes otherwise used by a static set of unbundled HARQ Processes
Finally, we discussed different configuration options with their pros and cons. In order to limit the flexibility (complexity) we prefer to limit the available options by Proposal 1 and by Proposal 3.

Proposal 3: Only a single TTI bundling configuration for each TDD DL/UL configuration should be specified.
Proposal 4: If agreeable, the preferred option for each TDD DL/UL configuration for TTI bundling should be provided to RAN1 in order to capture the relevant uplink HARQ timing issues for TDD in the relevant specifications.
	TDD configuration
	TTI_Bundle_Size
	Number of bundled HARQ Processes
	Max. Subframes in 60 ms per bundled Process
	Unused Subframes in 60 ms
	Comment 

	0: 1DL/1​ST/3UL
	3 and 4
	4
	9/12
	0
	Preferred

	1: 2DL/1​ST/2UL
	4
	2
	12
	0
	Preferred

	3: 6DL/1​ST/3UL
	3
	2
	9
	0
	Preferred

	6: 3DL/2​ST/5UL
	4
	3
	12
	0
	Preferred
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8 Annex
This section provides detailed descriptions of TTI bundling configurations for TDD configurations 0, 1, 3 and 6. We assume that TTI bundling alternative 1 (see our proposal 2) is used. 
The options shown in this section differ in the number of bundled HARQ processes and in the size of a bundle.

TDD Configuration 0:

Option 1: TTI Bundle Size =3, 4 bundled HARQ processes
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Option 2: TTI Bundle Size =4, 3 bundled HARQ processes
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Option 3: TTI Bundle Size =3 and 4, 4 bundled HARQ processes
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TDD configuration 0 is slightly more complex to handle compared to all other TDD configurations, since the unbundled operation foresees 7 HARQ processes. Note that also the RAN1 specs handle configuration 0 in a special way with extra clauses. 

Both Option 1 and 2 are not able to utilize all uplink opportunities since 7 is a prime number and a TTI_Bundle_Size of 7 is not reasonable. Therefore, Option 3 uses two different sizes.

We prefer Option 3, since all uplink resources can be used. However, the complexity with two different bundle sizes is slightly increased. Our second choice would be Option 2.
TDD Configuration 1:
Option 1: TTI Bundle Size =2, 4 bundled HARQ processes
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Option 2: TTI Bundle Size =4, 2 bundled HARQ processes
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For TDD Configuration 1 we prefer Option 2 with a TTI_Bundle_Size of 4 and 2 HARQ processes.
TDD Configuration 3:
Option 1: TTI Bundle Size =3, 1 bundled HARQ process
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Option 2: TTI Bundle Size =3, 2 bundled HARQ processes
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The 10 ms frame duration allows for TDD configuration 3 to have feedback in time already for the next frame. Both options shown above are reasonable and we have a preference towards Option 2 since two MAC PDUs can be processed in parallel.

In general, this TDD configuration seems to be on the edge for TTI bundling, since only 9 subframes can be used within 60 ms. Therefore, we could accept to remove this TDD configuration for TTI bundling in the sense of Proposal 1.

TDD Configuration 6:
Option 1: TTI Bundle Size =3, 4 bundled HARQ processes
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Option 2: TTI Bundle Size =4, 3 bundled HARQ processes
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Similar as for TDD configuration 1, we prefer the option with a larger TTI_Bundle_Size, i.e. Option 2.
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