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1 Introduction
In Rel-10 without cross-cell scheduling, ARI is needed to indicate the PUCCH resource for the HARQ-ACK feedback for the Scell in case of PUCCH format 1b with channel selection. The TPC field in the DCI format of the corresponding PDCCHs for the Pcell is used for power control and the TPC field in the DCI format of the corresponding PDCCHs for the Scell is used as ARI. Therefore, when a UE only detects PDCCH scheduling PDSCH for the Scell, there is no TPC command for adapting the HARQ-ACK signal transmission power. This contribution considers a simple and efficient enhancement for the power control of PUCCH format 1b with channel selection in TDD systems.
2 Power Control for PUCCH Format 1b with Channel Selection 
A UE may not detect a PDCCH scheduling PDSCH in the Pcell due to several reasons. For example, a UE may not detect a PDCCH scheduling PDSCH in the Pcell either because of a scheduling decision there is no such PDCCH, or because the HARQ process for the Pcell completed, or because the UE missed the respective PDCCH, and so on. In such case, there is no TPC command available to the UE as the TPC commands in respective PDCCHs for the Scell serve as ARI. Although this issue was also realized during Rel-10, no mechanism could be identified to resolve it. Figure 1 illustrates a simple example where TPC commands are available and one where they are not.
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Figure 1: TPC problem for non cross-carrier scheduling with the Rel-10 resource allocation.
From Figure 1, the following observation can be made.
Observation 1:  In case of no cross-cell scheduling, a UE cannot be provided with a TPC command for PUCCH format 1b with channel selection when it does not detect a PDCCH for the Pcell.

The above issue can be resolved using existing mechanisms in Rel-10. 

First, when the PDCCH with DAI=1 for the Scell is detected by the UE, the UE  knows the indicated PUCCH resource and can use this resource, if needed, for HARQ-ACK transmission using PUCCH format 1b with channel selection. Then, the ARI in the PDCCH with DAI larger than 1 is not necessary.
Second, when the PDCCH with DAI=1 for the Scell is missed by the UE, it is observed that in table 10.1.3.2-5 and table 10.1.3.2-6 of  [1] (as highlighted in yellow in the Annex) only 
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(the PUCCH resource associated with the PDSCH transmission(s) on the Pcell) may be used for HARQ-ACK transmission while 
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 are never used. This means that the ARI transmitted in PDCCH(s) with DAI larger than 1 is of no use since, when the PDCCH with DAI=1 (for the Scell) is missed, the indicated resources are never used for HARQ-ACK transmission. If the PDCCH with DAI=1 for the Scell is not missed, the respective TPC field provides the ARI and the ARI transmitted in PDCCH(s) with DAI larger than 1 is again of no use.
Observation 2: The ARI transmitted in PDCCH(s) with DAI larger than 1 is of no use since when the PDCCH with DAI=1 is missed the indicated resources are never used for HARQ-ACK signal transmission.
Therefore, the TPC field in the PDCCH(s) with DAI larger than 1 can be maintained for the HARQ-ACK signal transmission power control using PUCCH format 1b with channel selection and only the TPC field in the PDCCH with DAI=1 needs to be used as ARI. With this approach, TPC commands for the HARQ-ACK signal transmission using PUCCH format 1b with channel selection can still be supported when the UE does not detect PDCCH for the Pcell and it receives a PDCCH with DAI>1 in the Scell. 
Proposal: For PDCCH scheduling PDSCH on the Scell, only the TPC field in the PDCCH with DAI=1 is used as ARI.

3 Conclusion 
This contribution considered enhancing the transmission power control of HARQ-ACK signals transmitted using PUCCH format 1b with channel selection, thereby enhancing the corresponding HARQ-ACK reception reliability, by avoiding unutilized information that currently exists in Rel-10 and only represents overhead. 
Proposal: For PDCCH scheduling PDSCH on the Scell, only the TPC field in the PDCCH with DAI=1 is used as ARI.
References

[1] TS 36.213 v10.3.0, “EUTRA; Physical layer procedures”
Annex
Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3 in TS36.213
	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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	1, 1
	0,1,1,1

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

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

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

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

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

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

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

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

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

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

	DTX, any, any
	NACK/DTX, any, any
	No Transmission
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Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4 in TS 36.213
	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: image25.wmf])

1

(

PUCCH

n


	
[image: image26.wmf])

1

(

),

0

(

b

b


	
[image: image27.wmf])

3

(

),

2

(

),

1

(

),

0

(

o

o

o

o



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

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