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1. Introduction

In RAN1#62, the ACK/NACK bundling methods and the maximum payload size for ACK/NACK were discussed for LTE-A TDD. The following proposals have been identified for TDD [1]:

· Bundling methods for TDD : Full bundling[2]

 REF _Ref273903486 \n \h 
[3]

 REF _Ref273903487 \n \h 
[4], Partial bundling (time-domain[4]

 REF _Ref273903503 \n \h 
[5] or CC-domain[2]

 REF _Ref273903540 \n \h 
[6]), Spatial bundling[3]

 REF _Ref273903556 \n \h 
[7]

 REF _Ref273903564 \n \h 
[8], and Full multiplexing[9] 

· Max payload size for A/N with TDD : 10 bits, 20 bits, …
In this document, we provide our views on the ACK/NACK bundling methods as well as the maximum payload size for ACK/NACK with LTE-A TDD.
2. ACK/NACK Spatial Bundling
The introduction of ACK/NACK bundling is inevitable in cases of a large number of A/N bits. For examples, in order to support 5 CCs and 4 subframes with 2 codewords, total 40 A/N bits are needed for LTE-A TDD. However, it may not be feasible since possible A/N information bits on PUCCH format 3 are up to 24 bits assuming a coding rate of 1/2.

To reduce the payload of A/N bits, we prefer to apply spatial bundling all the time in Rel-10 TDD independently from other bundling candidates such as CC-domain and time-domain bundling schemes. In Rel-8, the spatial bundling is always applied when A/N multiplexing scheme is used. To reuse spatial bundling in Rel-10 TDD would make specification efforts simple. 

On the other hands, when the number of DL subframes corresponding to one A/N feedback instance is one (i.e., DL:UL for an A/N feedback=1:1), it would be the same as Rel-10 FDD in carrier aggregation. In this case, the Rel-10 FDD principle to transmit individual A/N feedbacks without spatial bundling can be directly applied.
Proposal 1: The ACK/NACK spatial bundling is always applied in Rel-10 TDD. In case the number of DL subframes corresponding to one A/N feedback instance is one, the spatial bundling is not applied. 
3. ACK/NACK Full Bundling
The A/N full bundling on all the spatial, time, CC domains would be necessary considering UL coverage [2]. The DAI as a pure counter with modular-4 operation can be used with a slight extension from Rel-8 TDD by means of a CC-domain first and then time-domain counter. In order to avoid unnecessary PUCCH resource reservation as in Rel-8 TDD, the PUCCH resources can be explicitly allocated to a UE. In addition, the last N-DL-grant-missing problem can be solved by encoding a DAI value of the last detected PDCCH [2].

On the other hands, with full A/N bundling in Rel-10 TDD, maximum 90 A/N bits (5 DLCCs/2CWs/9 DL subframes) are compressed to 4 information states which represent full bundled A/N information, in which the compression rate in Rel-10 TDD is five times to Rel-8 TDD bundling in worst case. Since the A/N performance loss is directly relative to DL throughput, the enhancement of A/N performance in carrier aggregation should be further considered. Therefore, we propose the PUCCH format 1a/1b channel selection using two orthogonal resources for full A/N bundling feedback to enhance the A/N performance.
Figure 1 depicts the proposed method for full A/N bundling. The DAIs are counted in CC-domain first and then time-domain manner. The bundled A/N with DAI value of the last received PDCCH is transmitted by means of PUCCH 1a/1b channel selection with two orthogonal resources.
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Figure 1. Proposed full bundling method using channel selection
Table 1 shows the examples of mapping table on the proposed channel selection for full A/N bundling. With separated channels and lower modulation order, the improved A/N performances can be expected. It is noted that the further remaining constellation points can be used to differentiate overlapped states, e.g., for DAI=0 and 3.
Table 1. Mapping table for channel selection in the case of full bundling.

	Bundled ACK/NACK with DAI value of the last received PDCCH
	Ch 1
	Ch 2

	ACK w DAI=0 or 3
	1
	0

	ACK w DAI=1
	-1
	0

	ACK w DAI=2
	0
	1

	NACK w any DAI
	0
	-1


Proposal 2:  For full A/N bundling, the CC-domain first pure-counter DAI is used and the bundled A/N information is transmitted by means of channel selection with two orthogonal resources (e.g., see Table 1).

4. ACK/NACK Partial Bundling
A compression of A/N information bits can be realized by partial bundling which can be either time-domain or CC-domain bundling. In general, since the correlation among the consecutive DL subframes would be higher than that among the multiple DL CCs, it is anticipated that the throughput degradation from time-domain bundling might be less than CC-domain bundling. Also, a large number of A/N in a bundling window may cause throughput degradation because a single NACK will cause all PDSCH retransmission in the bundling window. Therefore, we need to consider the channel correlation and the other aspects jointly.
In this chapter, we discuss the details on both partial bundling schemes for time and CC-domain bundling on the top of spatial bundling. It is noted that the principles described here are applicable both for channel selection and for PUCCH format 3. 

4.1. Time-domain Partial Bundling
The time-domain bundling as a partial bundling can use the 2-bit DAI in Rel-8 per CC without any modification. In addition, the time-domain bundling does not need any special handling considering several different carrier aggregation scenarios. In other words, a unified solution can be applied for various CA scenarios. Since the resultant number of A/N information bits after time-domain bundling becomes 10 A/N bits, the transmitted A/N format would be in line with Rel-10 FDD PUCCH structures. 
To solve the last PDCCH missing problem with time-domain bundling, the DAI values for the last detected PDCCHs per CC can be encoded as an input of A/N mapper. Figure 2 illustrates examples for time-domain partial bundling. By doing this, the 2-bit Rel-8 TDD DAIs can be fully re-used per CC without any modification.
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Figure 2. Time-domain partial bundling method with pure-counter DAI per CC

As an example for PUCCH format 3, Table 2 shows a definition of A/N states per CC before channel coding.
Table 2. Definition of A/N states per CC for time-domain partial bundling
	Bundled ACK/NACK with DAI value of the last received PDCCH
	A/N states per CC

[information bits]

	ACK w DAI=0 or 3
	00

	ACK w DAI=1
	01

	ACK w DAI=2
	10

	NACK w any DAI
	11


 Referring Figure 2, when each A/N state per CC is ‘01 (DAI=1)’, ’00 (DAI=0)’, ’11 (NACK)’, ’00 (DAI=0)’, and ’11 (NACK)’, respectively. The aggregated A/N payload for PUCCH format 3 before channel coding becomes ‘0100110011’.
 It is noted that the same principle can be also applied to channel selection by defining the relationship between mapping table and NACK/DAI values.
Proposal 3: If the time-domain partial bundling is used, each A/N response per CC represents the bundled A/N information.
4.2. CC-domain Partial Bundling
 One of possible ways for partial bundling in addition to spatial bundling is CC-domain bundling.

In regard to the DAI usage for the CC-domain bundling, indicating total number of scheduled PDSCH in a bundling window of CCs in a subframe is more appropriate than counter of scheduled PDSCH along the CCs, because the former does not cause the last PDCCH missing problem. Consequently, in case that the number of all ACKs in a bundling window equals to total value, ACK is transmitted. Otherwise, NACK is transmitted where detected DTX is considered as NACK.

The followings are the proposals for the CC-domain bundling for channel selection and format 3, respectively.
<Channel selection with CC-domain bundling>

 Figure 3 shows an example of channel selection with CC-domain bundling. We consider the following details.

· A/N mapping table for CC bundling is same as Rel-8: After CC bundling, the number of bundled A/N per subframe is same as Rel-8 TDD. Therefore, reuse of Rel-8 mapping table is seems natural.

· If implicit A/N PUCCH resource corresponding to PDCCH is used, the resource dynamically linked to PDCCH for PCC scheduling is selected with first priority in each subframe: When PDSCHs are scheduled only on the PCC under the multiple CC configuration, the fallback to Rel-8 A/N resource and mapping is possible, it would be beneficial for CC reconfiguration ambiguity handling.
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Figure 3. Channel selection with CC-domain bundling 
<Format 3 with CC-domain bundling>
Figure 4 shows an example of Format 3 with CC-domain bundling. We consider the following details.

· The maximum number of A/N bits = 12

· Maximum bundling window size = 2

· Bundling is gradually applied until the number of A/N bits is less than or equals to 12 in order to keep the individual A/N as much as possible.

· PCC is not included in bundling window.
As shown Figure 4, CC domain bundling is gradually applied with 2 CC bundling window until the number of A/N bits (after spatial bundling) is less than or equals to 12. PCC is not included in bundling window. Consequently, CC-domain bundling is not applied to DL:UL=(1:1) nor (2:1) configurations.
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Figure 4. Format 3 with CC-domain bundling
Proposal 4: If the CC-domain partial bundling is used, logical AND of all A/Ns in a bundling window is transmitted as bundled A/N information. The DAI indicates total number of scheduled PDSCH across CCs in a subframe. The maximum bundling window size is 2 for PUCCH format 3.
5. Maximum Payload Size for A/N in TDD
 The maximum payload size may be dependent on the details of its partial bundling methods. For example, with the time-domain partial bundling, maximum 10 bits are needed in up to five CC configurations and in arbitrary time-domain bundling window size. On the other hands, with the CC-domain partial bundling, maximum 12 bits are needed depending on the configuration scenarios.
 In addition, it is worthwhile to consider DTX bundling as proposed in [10]. However, it is not clear that multiple bits are needed to support it. Since eNB can hardly induce the number and position of DTX states, one bit only seems to be enough for DTX bundling.

Proposal 5: The maximum payload size for A/N in TDD is;
· 10 bits with up to 5 DL CCs and with arbitrary time-domain bundling windows size in case the time-domain partial bundling is applied
· 12 bits with up to 4 DL subframes and with bundling window size of 2 DL CCs in case the CC-domain partial bundling is applied

Proposal 6: Additional 1 bit can be used for DTX bundling purpose.

6. Conclusion

This contribution proposed the ACK/NACK bundling method on PUCCH for TDD. Our proposals were summarized as follows.
Proposal 1: The ACK/NACK spatial bundling is always applied in Rel-10 TDD. In case the number of DL subframes corresponding to one A/N feedback instance is one, the spatial bundling is not applied. 

Proposal 2:  For full A/N bundling, the CC-domain first pure-counter DAI is used and the bundled A/N information is transmitted by means of channel selection with two orthogonal resources (e.g., see Table 1).

Proposal 3: If the time-domain partial bundling is used, each A/N response per CC represents the bundled A/N information.

Proposal 4: If the CC-domain partial bundling is used, logical AND of all A/Ns in a bundling window is transmitted as bundled A/N information. The DAI indicates total number of scheduled PDSCH across CCs in a subframe. The maximum bundling window size is 2 for PUCCH format 3.

Proposal 5: The maximum payload size for A/N in TDD is;

· 10 bits with up to 5 DL CCs and with arbitrary time-domain bundling windows size in case the time-domain partial bundling is applied

· 12 bits with up to 4 DL subframes and with bundling window size of 2 DL CCs in case the CC-domain partial bundling is applied

Proposal 6: Additional 1 bit can be used for DTX bundling purpose. 
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