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1. Introduction

In RAN1#62bis, the ACK/NACK bundling methods and the resource allocation were discussed for LTE-A TDD. The following proposals were agreed for TDD [1][2]:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4
· Resource allocation of PUCCH format 3
· TPC field in the PDCCH corresponding to PDSCH on PCell is used as TPC command, TPC field (2 bits) in the PDCCH corresponding to PDSCH on SCell is used as ARI.
· If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
In this document, we provide our views on the details of ACK/NACK bundling methods as well as the resource allocation methods for PCell only reception.
2. Spatial Bundling for Mode 1
The Mode 1 for TDD was agreed to support individual A/N transmission up to 20 A/N bits. However, if the number of A/N bits to be indicated would be >20, the spatial bundling is needed. The spatial bundling for all A/N feedbacks would not be desirable since the spatial bundling will degrade DL throughput performance. Since the main motivation of Mode 1 is to make individual A/N feedback as much as possible, the spatial bundling should be applied until the number of bundled A/N bits become less than or equal to 20 A/N bits. 

In detail, we have the following two options when the number of A/N bits to indicated would be >20;

· Option 1 : CC-wise spatial bundling

· The spatial bundling is applied across all DL subframes within a specific CC. The same operation is applied for another CC until the number of actual transmitted A/N bits becomes less than or equal to 20 bits. Assuming PCell is more frequently scheduled than SCells, PCell should be the last CC which spatial bundling is applied to.
· If TDD configuration is not 9 DL:1UL configuration for A/N feedback,

· Spatial bundling is applied for 
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 CCs which is configured by two CWs starting from the last logical indexed CCs. PCell is the last CC to perform spatial bundling.
· 
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 : Number of configured DL subframes in a CC for A/N feedback
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 is the number of configured CWs for i-th CC.
·  Otherwise, only two configured CCs can be supported with spatial bundling across all CCs for Mode 1.

· Option 2 : Time-wise(subframe-wise) spatial bundling

· The spatial bundling is applied across all CCs within a specific DL subframe. The same operation is applied for another DL subframe until the number of actual transmitted A/N bits becomes less than or equal to 20 bits.

In consequence, the numbers of bundled A/N bits (if any) become 18, 19, or 20 bits both for Option 1 and Option 2 as shown in Table 1. The more details of spatial bundling for option 1 are shown in Annex A.
Table 1. The number of bundled A/N bits for Option 1 and Option 2

	No. of configured CCs
	Option 1
	Option 2

	2
	18, or 18
	18, or 18

	3
	20
	18

	4
	20, 18, 20, 18, or 20
	20, 18, 19, 20, or 20

	5
	20, 18, 20, 18, 20, 18, 20, 18, or 20
	20, 19, 20, 18, 20, 19, 20, 20, or 20


Between two options, option 1 can support individual A/N for PCell as much as possible and can be represented simpler than option2. Therefore, option 1 is preferred. 
Proposal 1: The detail for spatial bundling in Mode 1 is proposed as CC-wise spatial bundling (Option 1) when the number of A/N bits to indicated would be >20;
· If TDD configuration is not 9 DL:1UL configuration for A/N feedback,
· Spatial bundling is applied for 
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  CCs which is configured by two CWs starting from the last logical indexed CCs. PCell is the last CC to perform spatial bundling.
· where 
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· Otherwise, only two configured CCs can be supported with spatial bundling across all CCs for Mode 1.
3. Discussion on Mode 2 and Mode b
As discussed so far, the Mode 2 is beneficial for power-limited UEs to enhance the A/N performance. Compared to FDD which supports up to 10 A/N bits, the UL coverage for TDD which supports up to 20 A/N bits will be smaller than for FDD.

In addition, the Mode 1 cannot support 9DL-1UL configuration for A/N feedback with more than 2 DL CCs. For example, in order to support 5 DL CCs and the configuration of 9DL-1UL for A/N feedback, the total 45 A/N bits are needed for LTE-A TDD even with spatial bundling. Therefore, supporting Mode 2 is essential for PUCCH format 3 at least to support 9DL-1UL configuration for A/N feedback.

Proposal 2: The Mode 2 for PUCCH Format 3 is supported for LTE-A TDD.

Now, we discuss the details on time and CC-domain bundling for Mode 2 and Mode b.
3.1. 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 aligned with Rel-10 FDD PUCCH format 3 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 1 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 1. Time-domain partial bundling method with pure-counter DAI per CC as Mode 2
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 as Mode 2 
	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 1, 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 as Mode 2 before channel coding becomes ‘0100110011’.
It is noted that the same principle can be also applied to Mode b for 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.
3.2. 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.
< Detail on Mode b with CC-domain bundling>

Figure 2 shows an example of channel selection with CC-domain bundling. We consider the following details.

· A/N mapping table for CC bundling: Rel-10 mapping table is adopted.

· 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 2. Channel selection with CC-domain bundling 

< Detail on Mode 2 with CC-domain bundling >
Figure 3 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 3, 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 3. Format 3 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.
4. Handling for PCell only Reception for PUCCH Format 3
Although handling for PCell only reception in FDD using PUCCH format 3 was agreed in [2], it has not been discussed sufficiently for TDD. The agreement in [2] is;

If no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, Rel-8 PUCCH 1a/1b resource is used.
The Rel-8 fall-back for FDD is mainly in order to possibly utilize Rel-8 resources and to solve unknown problem without receiving ARI (A/N Resource Indicator) in SCells. The similar problem may happen if ARIs use TPC commands in SCells. One possible way for TDD would be bundling or A/N multiplexing as defined in Rel-8 TDD. However, this would result in significant loss for DL throughput since some A/N information will be lost due to spatial/time-domain bundling. In addition, even A/N performance cannot be assured for 4 A/N bits in Rel-8 TDD since some A/N states in mapping table are overlapped each other.
Based on the need of the above discussion, we provide two options for handling of PCell only reception as follows;
< Option 1>

The ARI using TPC field in SCells is already agreed. In similar way, in this option, the Rel-8 PUCCH format 1a/1b resource/format is used in receiving a single PDSCH on PCell.
The usages of DAI and ARI are as follows (see e.g., Figure 4);

· The DAI for PCell is used as pure counter like Rel-8 TDD. The DAIs for SCells can be used as one of followings;
· 1) The DAIs for SCells are used as pure counter like Rel-8 TDD.

· 2) The DAIs for SCells are set to ‘00’ so that the DCI can be scheduled also in common search space. The predefined ‘00’ value can be further used as virtual CRC in UE implementation.

· The TPC field of the first allocated PDCCH (i.e., DAI=‘00’) from PCell is used as actual TPC command.

· The TPC fields of other PDCCHs including all SCells than the first allocated PDCCH on PCell with DAI=‘00’ are used as ARI.

· All fields used as ARI in PDCCHs should have the same values.
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Figure 4. The usage of DAI and TPC as ARI (Option 1)
Based on this, the detailed UE procedure is as follows;
· If there is a PDSCH transmission on PCell where there is not a corresponding PDCCH, ,

· If there is no other PDSCH transmission,
· Rel-8 PUCCH format 1a/1b is used.

· Else,

· PUCCH format 3 is used.

· As an exceptional case, the TPC field in PDCCH with DAI=‘00’ is also used as ARI.
· Else, 
· If there is a single PDSCH transmission on PCell with DAI=‘00’ or there is a single PDCCH on PCell indicating downlink SPS release on PCell with DAI=‘00’,

· Rel-8 PUCCH format 1a/1b is used.

· Else, 
· PUCCH format 3 is used.

It is noted that this approach can be applied for all scenarios (i.e., 9:1 DL/UL subframe configuration for A/N feedback, Mode 1, and time&CC-domain bundling for Mode 2).

Summary of Option 1:
· Rel-8 PUCCH format 1a/1b and its resource is used in case that

· There is a single PDSCH without the corresponding PDCCH on PCell.

· Or there is a single PDSCH with the corresponding PDCCH of DAI= ‘00’ on PCell only.

· Or there is a single PDCCH indicating DL SPS release of DAI= ‘00’ on PCell only.

· Rel-10 PUCCH format 3 is used for other cases.

· If there is not a PDSCH without the corresponding PDCCH on PCell,

· For a PDSCH with the corresponding PDCCH of DAI= ‘00’ on PCell, the TPC field in the PDCCH is used as actual TPC command.
· For a PDCCH indicating DL SPS release of DAI= ‘00’ on PCell, the TPC field in the PDCCH is used as actual TPC command.
· For other cases, the TPC fields in PDCCHs are used as ARI.

· Otherwise, 

· All TPC fields in PDCCHs are used as ARI. 

· All fields used as ARI in PDCCHs should have the same values.
< Option 2>

In FDD, the ARI using TPC field in SCells is agreed and the TPC field in PCell is kept as TPC purpose. Similarly, in TDD, in this option, the TPC field in PDCCH for PCell is used as TPC purpose and the TPC fields in PDCCH for SCells are used as ARI. Consequently, we can keep the PUCCH power control procedure without any modification from Rel-8. For a UE who receives PDSCHs on PCell only, DAI in PCell is used as ARI. The DAI field is available in Mode 1, because Mode 1 does not require DAI support for time or CC domain bundling. In addition, all fields used as ARI in PDCCHs should have the same values.
Based on this, the detailed UE procedure is as follows;

· For PDCCH(s) which schedule(s) PDSCH(s) on PCell or which indicates SPS release 
· TPC field is used as TPC command. 

· DAI field is used as ARI for PUCCH format 3
· For PDCCH which schedules PDSCH on SCells,
· TPC field is used as ARI for PUCCH format 3
· Exceptionally, for SPS PDSCH reception only without PDCCH,

· Rel-8 PUCCH format 1a/1b (RRC configured for SPS) is used.
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Figure 5. The usage of DAI and TPC as ARI (Option 2)
Summary of Option 2:
· For PDCCH which schedules PDSCH on PCell or indicates SPS release

· DAI field is used as ARI for PUCCH format 3
· For PDCCH which schedules PDSCH on SCells,

· TPC field is used as ARI for PUCCH format 3.
· Exceptionally, for SPS PDSCH reception only without PDCCH,

· Rel-8 PUCCH format 1a/1b (RRC configured for SPS) is used.

· All fields used as ARI in PDCCHs should have the same values.
5. Conclusion

This contribution proposed the ACK/NACK bundling method and the resource allocation methods for PCell only reception. Our proposals were summarized as follows.
Proposal 1: The detail for spatial bundling in Mode 1 is proposed as CC-wise spatial bundling (Option 1) when the number of A/N bits to indicated would be >20;
· If TDD configuration is not 9 DL:1UL configuration for A/N feedback,
· Spatial bundling is applied for 
[image: image14.wmf](

)

_

9

configuredDLsubframeCWSF

NN

+-

  CCs which is configured by two CWs starting from the last logical indexed CCs. PCell is the last CC to perform spatial bundling.
· where 
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· Otherwise, only two configured CCs can be supported with spatial bundling across all CCs for Mode 1.
Proposal 2: The Mode 2 for PUCCH Format 3 is supported for LTE-A TDD.

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: We provide two options for handling of PCell only reception as follows;

Option 1:

· Rel-8 PUCCH format 1a/1b and its resource is used in case that

· There is a single PDSCH without the corresponding PDCCH on PCell.

· Or there is a single PDSCH with the corresponding PDCCH of DAI= ‘00’ on PCell only.

· Or there is a single PDCCH indicating DL SPS release of DAI= ‘00’ on PCell only.

· Rel-10 PUCCH format 3 is used for other cases.

· If there is not a PDSCH without the corresponding PDCCH on PCell,

· For a PDSCH with the corresponding PDCCH of DAI= ‘00’ on PCell, the TPC field in the PDCCH is used as actual TPC command.
· For a PDCCH indicating DL SPS release of DAI= ‘00’ on PCell, the TPC field in the PDCCH is used as actual TPC command.
· For other cases, the TPC fields in PDCCHs are used as ARI.

· Otherwise, 

· All TPC fields in PDCCHs are used as ARI. 

· All fields used as ARI in PDCCHs should have the same values.
Option 2:
· For PDCCH which schedules PDSCH on PCell or indicates SPS release

· DAI field is used as ARI for PUCCH format 3
· For PDCCH which schedules PDSCH on SCells,

· TPC field is used as ARI for PUCCH format 3.

· Exceptionally, for SPS PDSCH reception only without PDCCH,

· Rel-8 PUCCH format 1a/1b (RRC configured for SPS) is used.

· All fields used as ARI in PDCCHs should have the same values.
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Annex A
Tables a, b, c, and d show the spatial bundling (option 1) amount of Mode 1 for 2, 3, 4, and 5 configured CCs, respectively. Here, yellow columns indicate the configuration which is needed for the spatial bundling, and black columns indicate cases where the spatial bundling cannot be supported with Mode 1. The number of spatial bundling CCs can be simply calculated by 
[image: image17.wmf](

)

_

9

configuredDLsubframeCWSF

NN

+-

 when it is needed.
Table a. Spatial bundling for Mode 1 : 2 configured CC

	No. of configured CC (a)
	No. of configured CWs for each CC

(=total CWs)
	Size of multiplexing window

[subframe]
	Size of A/N payload

[state]

	
	
	
	Payload for full multiplexing without spatial bundling
	Full multiplexing with spatial bundling

	
	
	
	
	No. of spatial bundling CCs
	Payload

	2
	1/1
(=2)
	2
	2+2=4
	no
	

	
	
	3
	3+3=6
	no
	

	
	
	4
	4+4=8
	no
	

	
	
	9
	9+9=18
	no
	

	
	2/1
(=3)
	2
	4+2=6
	no
	

	
	
	3
	6+3=9
	no
	

	
	
	4
	8+4=12
	no
	

	
	
	9
	18+9=27
	1
	9+9=18

	
	2/2
(=4)
	2
	4+4=8
	no
	

	
	
	3
	6+6=12
	no
	

	
	
	4
	8+8=16
	no
	

	
	
	9
	18+18=36
	2
	9+9=18


Table b. Spatial bundling for Mode 1 : 3 configured CC

	No. of configured CC (a)
	No. of configured CWs for each CC
(=total CWs)
	Size of multiplexing window

[subframe]
	Size of A/N payload

[state]

	
	
	
	Payload for full multiplexing without spatial bundling
	Full multiplexing with spatial bundling

	
	
	
	
	No. of spatial bundling CCs
	Payload

	3
	1/1/1
(=3)
	2
	2+2+2=6
	no
	

	
	
	3
	3+3+3=9
	no
	

	
	
	4
	4+4+4=12
	no
	

	
	
	9
	9+9+9=27
	
	

	
	2/1/1
(=4)
	2
	4+2+2=8
	no
	

	
	
	3
	6+3+3=12
	no
	

	
	
	4
	8+4+4=16
	no
	

	
	
	9
	18+9+9=36
	
	

	
	2/2/1
(=5)
	2
	4+4+2=10
	no
	

	
	
	3
	6+6+3=15
	no
	

	
	
	4
	8+8+4=20
	no
	

	
	
	9
	18+18+9=45
	
	

	
	2/2/2
(=6)
	2
	4+4+4=12
	no
	

	
	
	3
	6+6+6=18
	no
	

	
	
	4
	8+8+8=24
	1
	8+8+4=20

	
	
	9
	18+18+18
	
	


Table c. Spatial bundling for Mode 1 : 4 configured CC

	No. of configured CC (a)
	No. of configured CWs for each CC
(=total CWs)
	Size of multiplexing window

[subframe]
	Size of A/N payload

[state]

	
	
	
	Payload for full multiplexing without spatial bundling
	Full multiplexing with spatial bundling

	
	
	
	
	No. of spatial bundling CCs
	Payload

	4
	1/1/1/1
(=4)
	2
	2+2+2+2=8
	no
	

	
	
	3
	3+3+3+3=12
	no
	

	
	
	4
	4+4+4+4=16
	no
	

	
	
	9
	9+9+9+9
	
	

	
	2/1/1/1
(=5)
	2
	4+2+2+2=10
	no
	

	
	
	3
	6+3+3+3=15
	no
	

	
	
	4
	8+4+4+4=20
	no
	

	
	
	9
	18+9+9+9
	
	

	
	2/2/1/1
(=6)
	2
	4+4+2+2=12
	no
	

	
	
	3
	6+6+3+3=18
	no
	

	
	
	4
	8+8+4+4=24
	1
	8+4+4+4=20

	
	
	9
	18+18+9+9
	
	

	
	2/2/2/1
(=7)
	2
	4+4+4+2=14
	no
	

	
	
	3
	6+6+6+3=21
	1
	6+6+3+3=18

	
	
	4
	8+8+8+4=28
	2
	8+4+4+4=20

	
	
	9
	18+18+18+9
	
	

	
	2/2/2/2
(=8)
	2
	4+4+4+4=16
	no
	

	
	
	3
	6+6+6+6=24
	2
	6+6+3+3=18

	
	
	4
	8+8+8+8=32
	3
	8+4+4+4=20

	
	
	9
	18+18+18+18
	
	


Table d. Spatial bundling for Mode 1 : 5 configured CC

	No. of configured CC (a)
	No. of configured CWs for each CC
(=total CWs)
	Size of multiplexing window

[subframe]
	Size of A/N payload

[state]

	
	
	
	Payload for full multiplexing without spatial bundling
	Full multiplexing with spatial bundling

	
	
	
	
	No. of spatial bundling CCs
	Payload

	5
	1/1/1/1/1
(=5)
	2
	2+2+2+2+2=10
	no
	

	
	
	3
	3+3+3+3+3=15
	no
	

	
	
	4
	4+4+4+4+4=20
	no
	

	
	
	9
	9+9+9+9+9
	
	

	
	2/1/1/1/1
(=6)
	2
	4+2+2+2+2=12
	no
	

	
	
	3
	6+3+3+3+3=18
	no
	

	
	
	4
	8+4+4+4+4=24
	1
	4+4+4+4+4=20

	
	
	9
	18+9+9+9+9
	
	

	
	2/2/1/1/1
(=7)
	2
	4+4+2+2+2=14
	no
	

	
	
	3
	6+6+3+3+3=21
	1
	6+3+3+3+3=18

	
	
	4
	8+8+4+4+4=28
	2
	4+4+4+4+4=20

	
	
	9
	18+18+9+9+9
	
	

	
	2/2/2/1/1
(=8)
	2
	4+4+4+2+2=16
	no
	

	
	
	3
	6+6+6+3+3=24
	2
	6+3+3+3+3=18

	
	
	4
	8+8+8+4+4=32
	3
	4+4+4+4+4=20

	
	
	9
	18+18+18+9+9
	
	

	
	2/2/2/2/1
(=9)
	2
	4+4+4+4+2=18
	no
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