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1. Introduction
At the RAN1 #61bis meeting it was agreed that the following HARQ-ACK transmission schemes shall be supported for both FDD and TDD:

· 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: DFT-S-OFDM

Given this agreement several outstanding issues remain including

· PUCCH resource allocation (RA) methods for channel selection and DFT-S-OFDM
· The need for explicit DTX signaling
· The update rate for the ACK/NACK codebook (semi-static or dynamic)
· Reuse of Rel-8 PUCCH resources when a UE is configured for CA but only receives a DL assignment on the PCC.
This contribution focuses on PUCCH RA schemes for the agreed PUCCH formats regardless of whether or not explicit DTX signaling is supported. Furthermore, we enumerate a few benefits of reusing Rel-8 resources when a UE only receives a DL assignment on the PCC. 
2. Discussion
2.1. Implicit Allocation
A Rel-10 UE can be configured to receive DL assignments on 2 CCs (PCC + 1 SCC) and it shall support A/N transmission of M HARQ-ACK bits, where M depends on the PDSCH reception mode of each CC (M = 4 when DL MIMO is configured on each CC). For A/N multiplexing using channel selection the Rel-8 RA scheme can be reused i.e. implicit mapping of the PUCCH resource from the first CCE of the PDCCH scheduling a DL assignment. This mapping scheme is readily applicable when the PDCCHs scheduling PDSCHs on both CCs are transmitted on the PCC (cross-CC scheduling). Thus, as long as an aggregation level (AL) of two or more CCEs is used for each PDCCH, up to 4 PUCCH resources corresponding to 4 HARQ-ACK bits can be derived as
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where m = 0, 1 denotes the PCC and SCC respectively. This is reasonable since for DL MIMO it can be assumed that at least 2 CCEs are used for DCI Format 2 in order to maintain an acceptable coding rate for PDCCH detection. There are several limitations of this approach:

a) If the UE is not configured for cross-CC scheduling a new implicit mapping scheme is needed to map the PDCCH on the SCC to a PUCCH region on the PCC. 

b) A UE may be configured for cross-CC scheduling and also configured to receive the PDSCH in single antenna mode on both CCs (M = 2), or single antenna mode on 1 CC and spatial multiplexing on the other CC (M = 3). In this case we cannot assume that at least 2 CCEs are used to schedule PDSCH on the PCC and SCC because it is likely that a UE that is configured for DL CA has moderate to excellent DL SINR.

A related problem, with possible solutions, was identified for A/N transmission using SORTD (see the companion contribution in [1]). 

One solution proposed in [2] is to define a new HARQ-ACK PUCCH region, wherein the required M-1 PUCCH resources are mapped to this to this region as follows
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 is the first CCE of the PDCCH scheduling PDSCH in the DL PCC and
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is an offset parameter. Further investigation is required for this scheme because of 
· An increase in PUCCH overhead due to the new PUCCH region especially if only a few UEs are configured for CA

· Error case of a missed detection of the PDCCH transmitted on the PCC

2.2. Explicit Allocation
For the DFT-S-OFDM format a simple and straightforward RA method is to semi-statically configure a UE with a dedicated PUCCH resource for A/N transmission. This is somewhat similar to Rel-8 PUCCH RA for SR and CSI feedback but with a key difference in that the PUCCH resources for CSI feedback and SR are time-shared. Furthermore, the DFT-S-OFDM format cannot share the same PRB with Rel-8 PUCCH formats. This may result in a dramatic increase in PUCCH overhead if each CA-configured UE is assigned a dedicated A/N resource due to the low multiplexing capacity of DFT-S-OFDM (at most 5 UEs per PRB). This high PUCCH overhead is unavoidable even when, per the RAN1 agreement, only a few of these UEs are actually scheduled in a subframe. Clearly, resource sharing between CA-configured UEs is desirable to minimize the PUCCH overhead. 

Resource sharing can be enabled by dynamically signaling to the UE a specific A/N resource to use in response to the detection of multiple PDCCHs scheduling DL assignments on multiple CCs. This is quite similar to the Rel-8/9 explicit assignment of a PUCCH resource to be used for acknowledging an initial DL SPS transmission. To avoid the addition of a new information element in the DL DCI format, it was proposed in [3] to re-use the TPC bits of the DL DCI format to convey a HARQ resource indicator (RI) since the TPC field in multiple detected DL DCI formats is redundant. For example, the PCC, if scheduled, may convey the TPC command in the TPC field, whereas HARQ-RI bits are conveyed in the TPC field of the DCI format(s) scheduling DL assignments on activated SCC(s). 
Note that explicit indication using HARQ-RI bits is also possible for A/N multiplexing using Format 1a/1b. In this case if the PCC conveys the TPC command (which we assume is the default configuration) the HARQ-RI on the PDCCH scheduling PDSCH on the SCC needs to indicate up to 3 additional PUCCH resources. 
One issue with this explicit signaling scheme occurs in the following related scenarios

c) There is a missed detection of the PDCCH conveying the TPC bits.
d) The UE is not scheduled on the PCC, which is configured to transmit the TPC bits in a specific subframe.

The first scenario occurs when a DL assignment on an SCC is scheduled by a PDCCH transmitted on the same SCC (no cross-CC scheduling). The second scenario is more probable, even when the PCC is configured to convey the TPC command, because limitations in PDCCH capacity may preclude scheduling the PCC in every subframe. From the UE perspective these two scenarios are the same if DAI bits are not present in the DL DCI formats. For both scenarios the UE cannot adjust its PUCCH transmission power in the absence of the TPC command. For a UE with good UL link quality this may not be a big issue if the probability of successive missed detections is very low. On the other hand a power limited UE may experience A/N performance degradation, and thus, A/N bundling may be a better alternative. 
Another possible alternative is to assign the PUCCH resource during activation of the first SCC via L2 signaling. This reduces the overhead incurred by RRC configuration and avoids the missing TPC command problem. This approach is well aligned with the motivation for DL CA because:
· A CA-configured UE is activated on additional SCCs only when required by the UE’s traffic. 

· The SCCs are deactivated when the UE’s traffic does not support transmission on multiple CCs or when the link quality on an SCC falls below a pre-defined threshold. Moreover, RAN2 has agreed to support timer-based deactivation of SCCs.
· Therefore, when a UE is activated on multiple CCs it would receive DL assignments most of the time and a dedicated PUCCH resource does not result in a high PUCCH overhead. 
· The PUCCH resource can be released once all SCCs are deactivated. Note that the PUCCH resource does not depend on the order in which SCCs are deactivated. 

There was a discussion at the RAN2 #70bis meeting on the release of dedicated resources upon expiry of the timeAlignmentTimer, with the following agreement:

1:
The R10 UE shall release any dedicated SRS resource and any dedicated PUCCH resource for CQI/PMI/RI and SR when the TAT expires (conform Rel89)

2:
The R10 UE shall release any dedicated DL/UL SPS resource when the TAT expires (conform Rel8/9).

3:
Conform Rel89, AN transmission are prohibited. FFS if any configured AN resources are released.

Unlike SRS, SPS, SR and CQI/PMI/RI resources the release of HARQ-ACK PUCCH resources was not an issue in Rel-8/9 because the dynamic HARQ-ACK PUCCH resource was implicitly derived from the first CCE of the PDCCH scheduling PDSCH. In contrast, if a Rel-10 UE is assigned a dedicated resource for HARQ-ACK transmission in CA, the PUCCH overhead can be minimized if the UE releases this resource upon deactivation of all SCCs or expiry of the timeAlignmentTimer of all SCCs. The eNB can then (re)-assign a PUCCH resource upon CC activation. As such it is proposed that

Proposal: A UE is configured with a dedicated PUCCH resource for A/N transmission at the activation of the first SCC. 

2.3. Fall-back Transmission
It was proposed in [4], [5] that irrespective of the configured A/N transmission format or resource a CA-configured UE should transmit A/N feedback on the implicitly derived Rel-8 PUCCH resource if it only detects a DL assignment for the PCC and on the explicitly (or implicitly) assigned Rel-10 PUCCH resource when at least one SCC is configured. This fall-back method offers a few benefits, namely
a) It translates into potential transmit power savings and lower inter-cell interference since the UE transmits at most 2-bit A/N feedback.

b) PUCCH uncertainty during RRC reconfiguration
A misunderstanding could occur during RRC reconfiguration such that the eNB and UE have different expectations of the A/N codebook side, which is also linked to the PUCCH format and PUCCH resource(s). It was proposed in [5] to modify the Rel-8 TDD A/N multiplexing mapping scheme to solve this uncertainty. A different proposal in [6] is to assume a maximum number for the A/N codebook size based on e.g. the UE category. One issue with assuming a maximum number is that if the RRC reconfiguration period overlaps for multiple UEs there may be a resource collision during A/N transmission by these UEs. 
An alternative option is that the eNB only schedules the UE on the PCC during the RRC reconfiguration period. This can be left to eNB implementation and it is similar in concept to the Rel-8 procedure of scheduling DL assignment using DCI format 1A during RRC reconfiguration.

c) Missed detection of SCC 
A potential error case may occur when a UE is configured with 1 SCC, wherein the UE misses detection of the PDCCH scheduling DL assignment on the SCC. Transmitting on the Rel-8 PUCCH resource also provides an implicit DTX state feedback for the SCC. Therefore, the eNB could refine PDCCH parameters before retransmission including power boosting or increasing the AL.

Proposal: a UE configured for carrier aggregation shall transmit on the Rel-8 PUCCH resource if it only detects a PDCCH scheduling DL assignment on the PCC. Furthermore, during RRC reconfiguration the UE is only scheduled on the PCC. 

3. Conclusion

Several resource allocation schemes have been studied in this contribution. It was also suggested that RAN1 consider resource allocation when a first SCC is activated in order to reduce PUCCH overhead incurred by RRC signaling and also avoid error cases introduced by a HARQ-RI in the DCI format. In summary it is proposed that 
· A UE is configured with a dedicated PUCCH resource for A/N transmission at the activation of the first SCC.
· A UE configured for carrier aggregation shall transmit on the Rel-8 PUCCH resource if it only detects a PDCCH scheduling DL assignment on the PCC. Furthermore, during RRC reconfiguration the UE is only scheduled on the PCC. 
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