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1. Introduction

In RAN1#62 meeting in Madrid, the following was agreed for the LTE-A UL ACK/NACK design in carrier aggregation. 

	· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 
· Both PUCCH format 1b with channel selection and DFT-S-OFDM are supported

· PUCCH format 1b with channel selection up to 4 A/N bits
· DFT-S-OFDM for the full range of A/N bits
· UE is configured by higher layers between DFT-S-OFDM and PUCCH format 1b with channel selection


In addition to the decision above, ARI was agreed to be introduced for the ACK/NACK resource allocation for PUCCH format 3, while introduction of ARI is still FFS for ACK/NACK channel selection. In this paper, we discuss the ACK/NACK resource allocation for PUCCH format 3 and channel selection and make suggestions for LTE-A FDD.

2. Resource allocation for PUCCH format 3
For PUCCH format 3, it was agreed to use explicit ACK/NACK resource allocation configured by RRC [1]. In addition, it was agreed that ARI included in PDCCH corresponding to PDSCH on SCC shall indicate a PUCCH format 3 resource derived from the RRC configured resource(s), while the detailed definition of the ARI should be decided yet. This section discusses the resource allocation for PUCCH format 3 considering ARI and makes suggestions.
2.1. Usage of ARI
Since it was agreed that introduction of ARI does not increase the DCI format size, we suggest replacing the 2 bits TPC information in the DCI for DL SCC scheduling by 2 bits ARI information. In more details, to minimize the RRC signalling overheads for PUCCH format 3 assignments, ARI indicates offset to the PUCCH format 3 resource given by RRC to the UE. For example, 2 bits ARI information may indicates offset values 0, 1, 2, and 3 so that eNB scheduler can select one of the 4 consecutive PUCCH format 3 resources including the resource given by RRC, which is illustrated in figure 1.
Suggestion 1: 2 bits ARI information replaces the 2 bits TPC information in the DCI for DL SCC scheduling. ARI indicates offset to the PUCCH format 3 resources given by RRC.
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Figure 1  Illustration of the ARI usage for PUCCH format 3
2.2. Fallback to the Rel-8 A/N resource
As already suggested by many companies [2]-[8], fallback to the Rel-8 ACK/NACK resource in case of the PDSCH scheduled only in the PCC helps efficient PUCCH format 3 resource sharing between multiple UEs as well as provides better transmit power efficiency.

Moreover, since the ARI is provided only by the PDCCH scheduling SCC(s), UE cannot know which PUCCH format 3 resource to use when it misses PDCCH scheduling SCC(s) or eNB schedules only PCC. Rel-8 ACK/NACK resource fallback solves this problem as illustrated in figure 2. Therefore, we suggest that a UE configured with PUCCH format 3 for UL ACK/NACK transmission uses Rel-8 implicit PUCCH format 1a/1b resource when it detects a single PDSCH only in PCC.

Suggestion 2: A UE configured with PUCCH format 3 for UL ACK/NACK transmission uses Rel-8 implicit PUCCH format 1a/1b resource when a UE detects a single PDSCH only in PCC. 
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Figure 2  Rel-8 ACK/NACK resource fallback in case of missing SCC grant 
3. Resource allocation for ACK/NACK channel selection
For the PUCCH format 1a/1b resource for ACK/NACK channel selection, the exact resource allocation method and the introduction of ARI are not decided yet. This section discusses the resource allocation method for ACK/NACK channel selection and makes suggestions.

3.1. Implicit or explicit resource allocation
In case of cross carrier scheduling only by PCC

In case of cross carrier scheduling only by PCC, it is desirable to reuse the Rel-8 implicit PUCCH 1a/1b resource to avoid additional PUCCH resource overheads. One Rel-8 PUCCH 1a/1b resource can be derived from each PDCCH scheduling PDSCH as in Rel-8 LTE. In addition, in case of two code words configured, the secondary PUCCH 1a/1b resource can be derived from the CCE next to the first CCE which constructs the PDCCH scheduling the DL CC configured with two code words. Therefore, we suggest all the PUCCH 1a/1b resources are derived from the PDCCH(s) scheduling PDSCH(s) in case of cross carrier scheduling only by PCC. Figure 3 illustrates this operation in case where two CCs are configured with two code words. 
Suggestion 3: In case of cross carrier scheduling only by PCC, implicit PUCCH 1a/1b resources derived from the PDCCH(s) scheduling PDSCH(s) are used. In case of two code words configured, the secondary PUCCH 1a/1b resource is derived from the CCE next to the first CCE which constructs the PDCCH scheduling the DL CC configured with two code words.
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Figure 3  PUCCH resource allocation in case of cross carrier scheduling
In case of non-cross carrier scheduling

In case where PDCCHs scheduling PDSCHs are transmitted from multiple DL CCs, we consider two alternatives. That is, implicit PUCCH resource allocation and hybrid PUCCH resource allocation.
Alternative 1) Implicit PUCCH resource allocation
With this alternative, PUCCH 1a/1b resource for ACK/NACK channel selection is derived from the PDCCH from SCC as well as the PDCCH from PCC. Figure 4(a) illustrates this operation. While this method doesn’t require additional ACK/NACK resource overheads for ACK/NACK channel selection, eNB scheduler should avoid the collision between PUCCH resources derived from the PDCCH for PCC and PDCCH for SCC. This scheduling restriction can be reduced if ARI is introduced for ACK/NACK channel selection as discussed in the next section. 
Alternative 2) Hybrid PUCCH resource allocation
With this alternative, PUCCH 1a/1b resource for ACK/NACK channel selection is derived from the PDCCH scheduling PCC and the other PUCCH 1a/1b resources are explicitly configured by RRC. In case that PCC is configured with two code words, two PUCCH 1a/1b resources are derived from the PDCCH scheduling PCC as in cross carrier scheduling case. Figure 4(b) illustrates this operation. While this method doesn’t incur scheduling restriction to avoid PUCCH resource collision between PCC and SCC, additional explicit PUCCH overhead is required. This overhead can be reduced if the explicit PUCCH resources are shared between multiple UEs by ARI for ACK/NACK channel selection as discussed in the next section. It should be also noted that the switching between implicit PUCCH resource and explicit PUCCH resource for SCC is possible if ARI for SCC is introduced as discussed in the next section. 
Suggestion 4: Consider the two alternatives in case of non-cross carrier scheduling, that is, implicit PUCCH resource allocation and hybrid PUCCH resource allocation for the PUCCH resource allocation for ACK/NACK channel selection
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(a) Implicit allocation                         (b) Hybrid allocation
Figure 4  Two alternatives for PUCCH resource allocation in case of cross carrier scheduling
3.2. Usage of ARI
ARI can be useful for the efficient ACK/NACK resource allocation for the ACK/NACK channel selection as well as for the PUCCH format 3. This section discusses the usage of the ARI for ACK/NACK channel selection and makes suggestions.
In case of cross carrier scheduling
When the PUCCH resources are implicitly derived from the PDCCH as suggested in section 3.1, the secondary PUCCH resource is derived from the CCE next to the first CCE constructing PDCCH which schedules the DL CC configured with two code words. In this case, if the PDCCH consists of only a single CCE, eNB scheduler cannot use the CCE next to the first CCE for the PDCCH scheduling other UE’s PDSCH. Therefore, ARI in PDCCH for SCC can be used to move the secondary PUCCH resource for more flexible scheduler operation. In this case, ARI indicates offset to the secondary PUCCH resource derived from the PDCCH. Figure 5 illustrates this operation.
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Figure 5  ARI usage in case of cross carrier scheduling
In case of non- cross carrier scheduling
In case of implicit PUCCH resource allocation introduced in section 3.1, ARI can be used to move the PUCCH resource(s) derived from the PDCCH scheduling PDSCH in SCC so that eNB scheduler can avoid the collision between PUCCH resources derived from the PDCCH scheduling PCC and PDCCH scheduling SCC. In this case, ARI indicates offset to PUCCH resource(s) derived from the PDCCH. Figure 6 illustrates this operation.
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Figure 6  ARI usage in case of implicit PUCCH resource allocation without cross carrier scheduling
In case of hybrid PUCCH resource allocation introduced in section 3.1, ARI can be used to move the explicit PUCCH resource(s) for SCC for efficient sharing of explicit PUCCH resources between multiple UEs. In this case, ARI indicates offset to the explicit PUCCH format 1a/1b resource(s) given by RRC to the UE. Moreover, one state of ARI can indicate implicit PUCCH resources derived from the PDCCH scheduling SCC so that Rel-8 PUCCH resource can be reused when possible. Figure 7 illustrates this operation.
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Figure 7  ARI usage in case of hybrid PUCCH resource allocation without cross carrier scheduling
As discussed in this section, we see the potential benefits of introducing ARI for ACK/NACK channel selection. Therefore, we suggest introducing ARI for ACK/NACK channel selection as well as for the PUCCH format 3. That is, 2 bits ARI replaces the 2 bits TPC information on the DCI for DL scheduling for SCC. It may be also considered that make the usage of the 2 bits configurable between ARI and TPC depending on the further discussion.
Suggestion 5: 2 bits ARI replaces the 2 bits TPC information on the DCI for DL scheduling for SCC. It may be also considered that make the usage of the 2 bits configurable between ARI and TPC depending on the further discussion. 

4. Overall PUCCH resource allocation in LTE-A
Since new PUCCH format 3 is introduced in LTE-A, it should be decided how to put the PUCCH format 3 resources with other PUCCH formats, that is, PUCCH format 1a/1b/2. Basically, it is desirable to put PUCCH format 3 resource apart from the band edge to reduce the effect of out of band emission since PUCCH format 3 is likely to be transmitted with a relatively high transmission power. We consider three alternatives for placing the PUCCH format 3.

Alternative 1) PUCCH format 3 on the inner most RBs among the PUCCH resources
As illustrated in figure 8(a), PUCCH format 3 resources are put inner most side next to the PUCCH format 1a/1b resources to minimize the effect of the out of band emission from the PUCCH format 3.

Alternative 2) PUCCH format 3 between PUCCH format 2 and PUCCH format 1a/1b

As illustrated in figure 8(b), PUCCH format 3 resources are put between PUCCH format 2 and PUCCH format 1a/1b so that PUSCH resource and dynamic PUCCH format 1a/1b resource can be shared as in Rel-8 LTE.

Alternative 3) RB sharing between PUCCH format 2 and PUCCH format 3

As illustrated in figure 8(c), PUCCH format 3 resources share the RBs used by PUCCH format 2 resources. With this alternative, network can decide which RBs are used for PUCCH format 3 actually without defining the boundary between PUCCH format 3 resources and PUCCH format 2 resources.

Suggestion 6: Decide among the three alternatives for the PUCCH format 3 placement considering the out of band emission effect and the PUSCH/PUCCH resource utilization flexibility. 
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(a) Alternative 1
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(b) Alternative 2
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Figure 8  Three alternatives for overall PUCCH resource allocation in LTE-A

5. Summary

This paper discussed the various issues to be decided for ACK/NACK resource allocation for both PUCCH format 3 and channel selection in FDD. The suggestions of this paper are summarized as follows.

Suggestion 1: 2 bits ARI information replaces the 2 bits TPC information in the DCI for DL SCC scheduling. ARI indicates offset to the PUCCH format 3 resources given by RRC.
Suggestion 2: A UE configured with PUCCH format 3 for UL ACK/NACK transmission uses Rel-8 implicit PUCCH format 1a/1b resource when a UE detects a single PDSCH only in PCC.
Suggestion 3: In case of cross carrier scheduling only by PCC, implicit PUCCH 1a/1b resources derived from the PDCCH(s) scheduling PDSCH(s) are used. In case of two code words configured, the secondary PUCCH 1a/1b resource is derived from the CCE next to the first CCE which constructs the PDCCH scheduling the DL CC configured with two code words.
Suggestion 4: Consider the two alternatives in case of non-cross carrier scheduling, that is, implicit PUCCH resource allocation and hybrid PUCCH resource allocation for the PUCCH resource allocation for ACK/NACK channel selection.
Suggestion 5: 2 bits ARI replaces the 2 bits TPC information on the DCI for DL scheduling for SCC. It may be also considered that make the usage of the 2 bits configurable between ARI and TPC depending on the further discussion. 

Suggestion 6: Decide among the three alternatives for the PUCCH format 3 placement considering the out of band emission effect and the PUSCH/PUCCH resource utilization flexibility. 
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