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1
Introduction
In RAN1#69 meeting, HARQ-ACK transmission on PUCCH for CC specific TDD configuration was firstly discussed. It was concluded that both PUCCH format 3 and PUCCH format 1b with channel selection are supported for CC specific TDD configuration. For HARQ-ACK transmission on PUCCH format 1b with CS, the proposal in the last meeting was  the following [1]:
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There was a consensus that the Rel-10 mechanism should be maximally reused, however, there might be a performance loss when using the maximum bundling table proposed above. In the following sections, the performance loss is analysed and a compromise solution is proposed which minimizes the performance loss by using the maximum bundling table and reusing the Rel-10 mapping table at the same time.
2
Discussions
In Rel-10, the TDD UL/DL configuration is same for all component carriers and the bundling size M is also the same for all carriers, which means that the HARQ-ACK bit number for two carriers is the same when M>=2 for PUCCH format 1b with channel selection. For M=1 with PUCCH format 1b with CS, the HARQ-ACK bit number for two carriers might be different because of different transmission modes, and HARQ-ACK bit mapping is according to table 10.1.2.2.1-1 in [2]. HARQ-ACK bit mapping for M=2 is according to table 10.1.3.2-4 in [2] and the selected PUCCH resource and transmitted feedback for HARQ-ACK multiplexing with M=1 and M=2 is according to table 10.1.3.2-1~3 [2]. For M>2, the selected PUCCH resource and transmitted feedback for HARQ-ACK multiplexing is according to  table 10.1.3.2-5 and table 10.1.3.2-6 in [2].
From the HARQ-ACK multiplexing tables, when M=1 or M=2, the maximum HARQ-ACK bit number is four, so all HARQ-ACK feedback can be transmitted by using  two bits and four PUCCH resource selection. When M>2, the HARQ-ACK bit number is 6 and 8, i.e. totally 64 and 256 states which cannot be transmitted completely with two bits and four PUCCH resource alternatives, which means a feedback performance loss for M>2 in Rel-10.

2.1 
Performance analysis for maximum bundling size method
When CC specific TDD configuration is enabled for a TDD UE, the bundling size M might be different because of  different TDD UL/DL configurations on different component carriers. With the proposed maximum bundling size method in section 1, the maximum of the bundling sizes for the two carriers is used as the common bundling size for both carriers, allowing direct reuse of the Rel-10 mechanism and tables. 
However, in some cases, there will be a feedback performance loss when reusing the HARQ-ACK multiplexing table with maximum bundling size M. For example, assume Mcc1=1 and Mcc2=3 for component carrier 1 and 2 respectively, then four HARQ-ACK bits are generated which in total have 21+3=16 feedback states. For the maximum bundling size method, M=3 table, i.e. table 10.1.3.2-5 in [2] will be used:
Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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	ACK, ACK, ACK
	ACK, ACK, ACK
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	1, 1
	1,1,1,1

	ACK, ACK, NACK/DTX
	ACK, ACK, ACK
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	0, 0
	1,0,1,1

	ACK, NACK/DTX, any
	ACK, ACK, ACK
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	0,1,1,1

	NACK/DTX, any, any
	ACK, ACK, ACK
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	ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX
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	0, 0
	0, 0, 0, 0

	DTX, any, any
	NACK/DTX, any, any
	No Transmission
	0, 0, 0, 0


Assume M in primary cell is 1 and M in secondary cell is 3, only HARQ-ACK(0) in primary cell is used and HARQ-ACK(1) and HARQ-ACK(2) in primary cell can be set to a predefined value, e.g. DTX. Please note that eNB will know this and eNB will ignore HARQ-ACK(1) and HARQ-ACK(2) in primary cell. As a result, only 8 entries (highlighted in the table) are useful to indicate totally 16 feedback states for two component carriers with Mcc1=1 and Mcc2=3. As a result, 8 feedback states are actually lost.
Similar analysis for the following cases (detail useful entries please find in the Annex 1):

· Mcc1=1 and Mcc2=4 for component carrier 1 and 2 respectively

· Totally have 32 feedback states

· 8 entries are useful in table 10.1.3.2-6 in [2]
· 24 feedback states are lost;

· Mcc1=2 and Mcc2=4 for component carrier 1 and 2 respectively

· Totally have 64 feedback states;
· 12 entries are useful in table 10.1.3.2-6 in [2]
· 52 feedback states are lost;

Observation: with maximum bundling size method, there will be feedback performance loss.
2.2 


Compromise solution to minimize the performance loss
From the analysis in section 2.1, we can find that for example for the case with Mcc1=1 and Mcc2=3 for component carrier 1 and 2 respectively, 8 feedback states are lost by using the M=3 multiplexing table, i.e. table 10.1.3.2-5 in [2]. However, if we can reuse the A=4 table, i.e. table 10.1.3.2-3 in [2], nothing is lost. So based on this thinking, instead of using M = max{Mp, Ms}, we can use M=ceil{(Mp+Ms)/2}, so that the inserted redundancy for common M can be reduced a minimum, and also, the feedback performance loss can be minimized. Balanced bundling size for two component carriers also means the HARQ-ACK bits for two component carriers are balanced.
For example, for the case with Mcc1=1 and Mcc2=3 for component carrier 1 and 2 respectively, M= 2 and table 10.1.3.2-3 in [2] can be reused. The effective bundling size for component carrier 1 and 2 is Mcc1=2 and Mcc2=2. Then there is no feedback performance loss at all.

For the case with Mcc1=1 and Mcc2=4 for component carrier 1 and 2 respectively, M=3 and table 10.1.3.2-5 in [2] can be reused. The effective bundling size for component carrier 1 and 2 is Mcc1=2 and Mcc2=3. Use the similar analysis as in section 2.1, there are 12 useful entries in the table 10.1.3.2-5 in [2] (detail useful entries please find in Annex 2), so 20 feedback states are lost.
For the case with Mcc1=2 and Mcc2=4 for component carrier 1 and 2 respectively, M=3 and table 10.1.3.2-5 in [2] can be reused. The effective bundling size for component carrier 1 and 2 is Mcc1=3 and Mcc2=3. Use the similar analysis as in section 2.1, there are 16 useful entries in the table 10.1.3.2-5 in [2], so 48 feedback states are lost.

The following table summarize the feedback performance for maximum bundling size solution and balance bundling size solution:
Table 1 Feedback loss comparison between max bundling size solution and balance bundling size solution

	Lost feedback status
	Mcc1=1 and Mcc2=3
	Mcc1=1 and Mcc2=4
	Mcc1=2 and Mcc2=4

	Max bundling size
	8
	24
	52

	Balance bundling size
	0
	20
	48


From the above table, it can be seen that balanced bundling size reduces the feedback performance loss compared to maxium bundling size, sincethe inserted redundancy to the bundling size is minimized. Meanwhile, the complexity of having a balanced bundling size is also low: besides the formula specifying how to balance the bundling size, some sentences for the remapping the HARQ-ACK bits are needed, e.g. “the last HARQ-ACK bit of component carrier with larger bundling size is remapped to the component carrier with less bundling size” is OK.
From the above analysis, we find that balanced bundling size has the similar complexity with max bundling, still allowing direct reuse of the Rel-10 tables. Based on these analyses, we have the following proposal.
Proposal: Balanced bundling size should be used instead of maximum bundling size.
3
Conclusions
In this paper, we analysed the feedback performance for PUCCH format 1b with CS in CC specific TDD configuration with max bundling size solution that proposed in the last RAN1 meeting. And also we propose one compromise solution to reduce the feedback performance loss by max bundling size solution. Based on the analysis in above sections, we have the following observation and proposal:
Observation: With maximum bundling size method, there will be feedback performance loss.

Proposal: Balanced bundling size should be used instead of maximum bundling size.

References

[1] RAN1#69 meeting chairman minutes
[2] 3GPP TS36.213 v10.6.0, Physical Layer Procedures
Annex 1: Detail Useful Entries for Section 2.1: Max Bundling Size
· For the case Mcc1=1 and Mcc2=4 for component carrier 1 and 2 respectively, Mcommon=4 used according to maximum bundling size, after which the effective bundling size for component carrier 1 and 2 is Mcc1=1 and Mcc2=4. The useful entries in table 10.1.3.2-6 in [2] is highlighted in the following:
· Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	ACK, ACK, ACK, NACK/DTX
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· For the case Mcc1=2 and Mcc2=4 for component carrier 1 and 2 respectively, Mcommon=4 used according to maximum bundling size, after which the effective bundling size for component carrier 1 and 2 is Mcc1=2 and Mcc2=4. The useful entries in table 10.1.3.2-6 in [2] is highlighted in the following:

· Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	
[image: image60.wmf])

1

(

PUCCH

n


	
[image: image61.wmf])

1

(

),

0

(

b

b


	
[image: image62.wmf])

3

(

),

2

(

),

1

(

),

0

(

o

o

o

o



	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, NACK/DTX
	
[image: image63.wmf])

1

(

PUCCH,1

n


	1, 1
	1, 1, 1, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, NACK/DTX
	
[image: image64.wmf])

1

(

PUCCH,1

n


	0, 0
	1, 0, 1, 1

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, NACK/DTX
	
[image: image65.wmf])

1

(

PUCCH,3

n


	1, 1
	0, 1, 1, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, NACK/DTX
	
[image: image66.wmf])

1

(

PUCCH,3

n


	1, 1
	0, 1, 1, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, NACK/DTX
	
[image: image67.wmf])

1

(

PUCCH,3

n


	0, 1
	0, 0, 1, 1

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, NACK/DTX
	
[image: image68.wmf])

1

(

PUCCH,3

n


	0, 1
	0, 0, 1, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX, any
	
[image: image69.wmf])

1

(

PUCCH,0

n


	1, 0
	1, 1, 1, 0

	ACK, ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX, any
	
[image: image70.wmf])

1

(

PUCCH,3

n


	1, 0
	1, 0, 1, 0

	ACK, DTX, DTX, DTX
	ACK, ACK, NACK/DTX, any
	
[image: image71.wmf])

1

(

PUCCH,0

n


	0, 1
	0, 1, 1, 0

	ACK, ACK, ACK, ACK
	ACK, ACK, NACK/DTX, any
	
[image: image72.wmf])

1

(

PUCCH,0

n


	0, 1
	0, 1, 1, 0

	NACK/DTX, any, any, any
	ACK, ACK, NACK/DTX, any
	
[image: image73.wmf])

1

(

PUCCH,3

n


	0, 0
	0, 0, 1, 0

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, NACK/DTX, any
	
[image: image74.wmf])

1

(

PUCCH,3

n


	0, 0
	0, 0, 1, 0

	ACK, ACK, ACK, NACK/DTX
	ACK, DTX, DTX, DTX
	
[image: image75.wmf])

1

(

PUCCH,2

n


	1, 1
	1, 1, 0, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, ACK
	
[image: image76.wmf])

1

(

PUCCH,2

n


	1, 1
	1, 1, 0, 1

	ACK, ACK, NACK/DTX, any
	ACK, DTX, DTX, DTX
	
[image: image77.wmf])

1

(

PUCCH,2

n


	0, 1
	1, 0, 0, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, ACK
	
[image: image78.wmf])

1

(

PUCCH,2

n


	0, 1
	1, 0, 0, 1

	ACK, DTX, DTX, DTX
	ACK, DTX, DTX, DTX
	
[image: image79.wmf])

1

(

PUCCH,2

n


	1, 0
	0, 1, 0, 1

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, ACK
	
[image: image80.wmf])

1

(

PUCCH,2

n


	1, 0
	0, 1, 0, 1

	ACK, ACK, ACK, ACK
	ACK, DTX, DTX, DTX
	
[image: image81.wmf])

1

(

PUCCH,2

n


	1, 0
	0, 1, 0, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, ACK
	
[image: image82.wmf])

1

(

PUCCH,2

n


	1, 0
	0, 1, 0, 1

	NACK/DTX, any, any, any
	ACK, DTX, DTX, DTX
	
[image: image83.wmf])

1

(

PUCCH,2

n


	0, 0
	0, 0, 0, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, ACK
	
[image: image84.wmf])

1

(

PUCCH,2

n


	0, 0
	0, 0, 0, 1

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, DTX, DTX, DTX
	
[image: image85.wmf])

1

(

PUCCH,2

n


	0, 0
	0, 0, 0, 1

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, ACK
	
[image: image86.wmf])

1

(

PUCCH,2

n


	0, 0
	0, 0, 0, 1

	ACK, ACK, ACK, NACK/DTX
	NACK/DTX, any, any, any
	
[image: image87.wmf])

1

(

PUCCH,1

n


	1, 0
	1, 1, 0, 0

	ACK, ACK, ACK, NACK/DTX
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image88.wmf])

1

(

PUCCH,1

n


	1, 0
	1, 1, 0, 0

	ACK, ACK, NACK/DTX, any
	NACK/DTX, any, any, any
	
[image: image89.wmf])

1

(

PUCCH,1

n


	0, 1
	1, 0, 0, 0

	ACK, ACK, NACK/DTX, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image90.wmf])

1

(

PUCCH,1

n


	0, 1
	1, 0, 0, 0

	ACK, DTX, DTX, DTX
	NACK/DTX, any, any, any
	
[image: image91.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, DTX, DTX, DTX
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image92.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, ACK, ACK, ACK
	NACK/DTX, any, any, any
	
[image: image93.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, ACK, ACK, ACK
	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image94.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	NACK, any, any, any 
	NACK/DTX, any, any, any
	
[image: image95.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	NACK, any, any, any 
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image96.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	NACK/DTX, any, any, any
	
[image: image97.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	
[image: image98.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	DTX, any, any, any
	NACK/DTX, any, any, any
	No Transmission
	0, 0, 0, 0

	DTX, any, any, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	No Transmission
	0, 0, 0, 0


Annex 2: Detail Useful Entries for Section 2.2: Balanced Bundling Size

· For the case Mcc1=1 and Mcc2=4 for component carrier 1 and 2 respectively, Mcommon=3 used according to balanced bundling size, after which the effective bundling size for component carrier 1 and 2 is Mcc1=2 and Mcc2=3. The useful entries in table 10.1.3.2-5 in [2] is highlighted in the following:

· Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code Input Bits
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For a UE configured with PUCCH format 1b with channel selection for HARQ-ACK transmission, the HARQ-ACK transmission shall follow the Rel-10 design except the following: 


The set of DL subframes (denoted as Kc) on serving cell c associated with UL subframe n shall include the DL subframes n-k where k ∈K and K is determined according to the reference timing configuration


For HARQ-ACK transmission on PUCCH


The UE shall use the Rel-10 mapping table with M = max{Mp, Ms}, where Mp is the number of elements in set Kc for the primary cell and Ms is the number of elements in set Kc for the secondary cell.


The UE shall set DTX for {HARQ-ACK(min{Mp, Ms}), …, HARQ-ACK(M-1)} for the serving cell with the smaller Mc value


FFS for HARQ-ACK transmission on PUSCH
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