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1. Introduction

ACK/NACK repetition was supported in Rel-8/9 to increase UL PUCCH coverage. But, there has been no discussion in Rel-10 CA environment as well as in Rel-10 PUCCH TxD yet. In this document, we provide our views on the ACK/NACK repetition in Rel-10.
2. ACK/NACK Repetition with SORTD
ACK/NACK repetition with repetition factor 2, 4, or 6 was agreed to support same coverage with PRACH in Rel-8. From [1]

 REF _Ref282427012 \n \h 
[2], 1% of miss-detection for PRACH format 2 is reached at the SNR of about -11.67dB, but 1% of ACK missed detection for PUCCH format 1a is achieved at the SNR of about -7.3dB without repetition. Therefore, in order to have a balance of the coverage between PRACH and PUCCH for power-limited UE, ACK/NACK repetition with repetition factor 2, 4, or 6 [2] is agreed and confirmed by RAN4 [1].
When ACK/NACK repetition is configured by higher layer, for a PDSCH transmission with a corresponding PDCCH detected, or for a PDCCH indicating downlink SPS release, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index, and repeat the transmission of the corresponding ACK/NACK response 
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 is configured by higher layers. For a PDSCH transmission without a corresponding PDCCH detected, the UE shall transmit the corresponding ACK/NACK response 
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 configured by higher layers. In summary, for ACK/NACK repetition in Rel-8/9, the first ACK/NACK transmission uses the normal principle without ACK/NACK repetition and then the repeated ACK/NACK transmissions by 
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 times do different PUCCH resource configured by higher layer signaling.
In Rel-10, SORTD for PUCCH can be applied by network configuration, where it has not been discussed yet in terms of ACK/NACK repetition. Even with the transmit diversity on PUCCH which can increase the UL coverage, the required SNR of PUCCH format 1a with SORTD with one subframe is somewhat far from that of PRACH format 2 [1]

 REF _Ref282427012 \n \h 
[2]. 
On the other hands, since SORTD requires two orthogonal resources, double amount of resources configured by higher layer signaling for A/N repetition with SORTD is necessary for other repeated transmission than the first transmission. In the first A/N transmission, the second resource can be obtained by “nCCE+1” in dynamic A/N transmission or by “explicit RRC signaling” in DL SPS transmission, where it seems there may be no issue on resource consumption for the first transmission. We may have the following two options;

· Option 1

· When A/N repetition is configured, the configuration of SORTD is ignored or single antenna port scheme is always used for all A/N repetitions.
· Option 2

· For a UE configured by SORTD and by A/N repetition, the SORTD is used for the first A/N transmission only and single antenna port scheme is used for remained A/N repetition not to waste additional orthogonal resource.
Considering that the main motivation of A/N repetition was to merely enable a UE to meet the coverage requirements as PRACH format 2, additional functionality on top of single antenna transmission may not be necessary for A/N repetition.
Proposal 1: For A/N repetition SORTD 
· 
When A/N repetition is configured, the configuration of SORTD is ignored or single antenna port scheme is always used for all A/N repetitions.
3. ACK/NACK Repetition for CA PUCCH
As for TDD, due to reciprocity of DL and UL carriers, an eNB is likely to configure only one DL carrier if the UL coverage becomes an issue. Therefore, the support of A/N repetition for TDD may not be necessary since Rel-8 principle for A/N repetition can be used with one cell configured for power limited UE.
However, As for FDD, the reciprocity of DL and UL carriers may not be maintained due to different frequencies. For example, even though the UL carrier is suffering from deep fading, the DL carriers may have good channel quality. In this case, it is likely that, for instance, asymmetry carrier aggregation of 2 DL:1 UL configuration can be configured. Therefore, it makes sense to consider A/N repetition in CA PUCCH formats such as PUCCH format 3 and channel selection.
Table 1 show the required SNR for ACK/NACK transmission according to ACK/NACK repetition factor based on the simulation assumptions in Annex. We considered both joint ML detector (ie. Advanced receiver) and normal detector. From the simulation results, we found that A/N repetition is necessary for channel selection as well as for PUCCH format 3 to meet the requirement of -11.67dB SNR [1][2].
Table 1. Required SNR for ACK/NACK Transmission

	Repetition factor
	1
	2
	4
	6

	Format 1a (1bit)
	Joint ML det.
	-7.76
	-12.02
	-13.29
	-14.41

	
	Normal det.
	-7.18
	-11.05
	-12.46
	-13.59

	Channel selection (2bit)
	Joint ML det.
	-7.07
	-11.03
	-12.59
	-13.64

	
	Normal det.
	-6.51
	-10.33
	-12.13
	-12.56

	Format 3 (2bit)
	Joint ML det.
	-6.34
	-10.37
	-12.17
	-12.57

	
	Normal det.
	-6.03
	-10.06
	-11.36
	-12.16


Proposal 2: A/N repetition is supported for CA PUCCHs which are channel selection and PUCCH format 3 at least for FDD.
4. Resource Allocation for CA PUCCH with A/N Repetition
In Rel-8/9, the resource allocation for A/N repetition is as following;
· For PUCCH format 1a
· For dynamic A/N,
·  Implicit resource allocation using <
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> is used for the first A/N transmission.

·  Explicit resource allocation using 
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configured by higher layer is used for the remaining A/N transmissions.
· For SPS PDSCH

·  Explicit resource allocation using 
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 configured by higher layer is used for all A/N transmission.
It can be easily observed that the implicit resource in the first A/N transmission is replaced by explicit resource 
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in the remaining A/N transmissions. If the first A/N transmission is done by explicit resource 
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, the remaining A/N transmissions use explicit resource 
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 for the first A/N transmission.
As an example for PUCCH format 3 and channel selection, the resource allocation methods are discussed based on the following cases;

· For PUCCH format 3 (agreement),

· Four semi-static resources 
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 are configured by the network.
· The TPC fields (2bits) on SCells are used as ARI.

· All ARIs from SCells shall have the same values.

· The ARI indicates the used PUCCH resource 
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 among four configured resources.

· A resource allocation for A/N transmission can be done as following;

·  The indicated 
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 by ARI in the first A/N transmission is also used for all A/N transmission.

· For FDD channel selection (under discussion) [9], 
· Option A (assuming two A/N bits)
·  For cross-carrier scheduling, one implicit resource from PCell PDCCH and one implicit resource from SCell PDCCH are used.
·  For non-cross-carrier scheduling, one implicit resource from PCell PDCCH and one explicit resource configured by higher layer are used. 

· Option B (assuming two A/N bits)

·  One implicit resource from PCell PDCCH and one explicit resource configured by higher layer are used both for cross and non-cross carrier scheduling.

· For both Option A and B, a resource allocation for A/N transmission can be done as following;
·  The implicit resources for the first A/N transmission are replaced by explicit resource 
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 in mapping table for remaining A/N transmissions. The number of required resources 
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 is dependent on the number of implicit resources.
·  The explicit resources for the first A/N transmission are also used for the remaining A/N transmissions in mapping table.
Proposal 3: Resource Allocation for A/N Repetition in CA PUCCH formats;

· For PUCCH format 3,

· The indicated 
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 by ARI in the first A/N transmission is also used for all A/N transmission.

· For channel selection,
· The implicit resources for the first A/N transmission are replaced by explicit resource 
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 in mapping table for remaining A/N transmissions. The number of required resources 
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 is dependent on the number of implicit resources.
·  The explicit resources for the first A/N transmission are also used for the remaining A/N transmissions in mapping table.
5. Conclusion

This contribution proposed the ACK/NACK repetition methods in Rel-10. Our proposals were summarized as follows.
Proposal 1: For A/N repetition SORTD 

· 
When A/N repetition is configured, the configuration of SORTD is ignored or single antenna port scheme is always used for all A/N repetitions.
Proposal 2: A/N repetition is supported for CA PUCCHs which are channel selection and PUCCH format 3 at least for FDD.

Proposal 3: Resource Allocation for A/N Repetition in CA PUCCH formats;

· For PUCCH format 3,

· The indicated 
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 by ARI in the first A/N transmission is also used for all A/N transmission.

· For channel selection,

· The implicit resources for the first A/N transmission are replaced by explicit resource 
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 in mapping table for remaining A/N transmissions. The number of required resources 
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 is dependent on the number of implicit resources.
·  The explicit resources for the first A/N transmission are also used for the remaining A/N transmissions in mapping table.
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Annex A: Simulation Assumption
Table a show the simulation assumption for ACK/NACK repetition.

Table a: Simulation Assumption

	System BW
	5 MHz

	ACK/NACK bits
	1 bit for PUCCH Format 1a, 

2 bits for PUCCH Format 1b with channel selection, 

or 2 bits for PUCCH Format 3

	UE number
	1

	Repetition factor
	1, 2, 4, or 6

	Frequency hopping
	At slot boundary

	Antenna configuration
	1 Tx, 2 Rx

	Noise estimation
	Ideal

	Receiver
	Joint ML detector using RS and data, normal detector

	Channel
	ETU 3km/h

	Definition of DTX->ACK error
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	Target requirements
	Freq(D->A)<=1%, Pr(A->N/D)<=1%, Pr(N->A)<=0.1%
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