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1. Introduction

Resource allocation for HARQ-ACK and SR transmit diversity was discussed at RAN1 #59bis meeting mainly within the context of a single CC (no CA) configuration. The following agreement was reached including the future discussion points to be finalized:

· SR: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with SPS: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with dynamic scheduling: 

· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)

· Continue discussion on alternatives including the following for the second resource 

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two or more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

· Discussion points identified so far

· Impact on scheduler if the number of CCEs is limited for Alt1

· Impact on eNB receiver implementation to detect the used transmission mode and UE complexity for confirming the CCE aggregation level in case of dynamic change of transmission mode for Alt 2

Note: Resource allocation for PUCCH format 1/1a/1b may be revisited along with carrier aggregation discussion
The main issue for resolution is whether SORTD is always on when configured (Alt. 1) or whether the UE should fall back to single antenna port mode (Alt. 2) when the UE detects a PDCCH with 1 CCE aggregation level (AL). Several contributions submitted to the past few meetings (see e.g. [1] - [6]) have studied Alt.1 versus Alt. 2 from the viewpoint of scheduler and UE impact, including the impact of wrongly detecting the PDCCH aggregation level. This contribution presents our views on these same issues including the usage of SORTD for HARQ-ACK transmission in CA scenarios in light of the RAN1 agreement on the PUCCH transmission formats for CA.
2. SORTD for Single CC Configuration
For Alt. 1, where SORTD is always on when configured, the second PUCCH resource is either
· Semi-statically configured by higher layer signaling, or

· Explicitly assigned by the eNB, e.g. by using a PDCCH with AL greater than 1.

Although it is agreed that the second resource for SR transmission is configured by higher layer signaling this resource may be time shared with other UEs based on the SR periodicity. On the other hand semi-static resource reservation for HARQ-ACK feedback is not time-shared and thus, it is not recommended for SORTD resource allocation due to the significant increase in PUCCH overhead. 
Explicit assignment can be achieved by reserving a second CCE regardless of the DL link quality. When 1 CCE is sufficient for reliable PDCCH detection reserving another CCE leads to an inefficient usage of the PDCCH capacity. One solution to this problem was described in [1] where the reserved CCEs are taken from the leaves of the same branch of the CCE tree structure. 

Alt. 2 provides a different approach to avoid the potential scheduling restriction imposed by Alt. 1 by falling back to single antenna port mode when the UE detects a PDCCH with 1 CCE. This could introduce 1->2 CCE or 2->1 CCE detection errors due to the Rel-8 circular buffer rate matching [2]. Some possible solutions to this problem were described in [3]. 
Given that UL cell coverage is determined by the performance of single antenna mode transmission, SORTD can be seen as an optimization feature to potentially reduce inter-cell interference, or equivalently, to reduce PUCCH overhead by multiplexing more UEs in the same PRB. Furthermore, excellent DL link quality resulting in a 1-CCE PDCCH does not imply excellent UL link quality because of the different interference profiles seen in DL and UL. Indeed, this is the motivation for studying A/N bundling for HARQ-ACK transmission in DL CA scenarios. Based on these observations, we have a slight preference that SORTD, if configured, should always be used for HARQ-ACK transmission because the PDCCH AL, is not, in general, representative of UL channel conditions. 
Uncertainty during RRC reconfiguration: during RRC reconfiguration there may be an uncertainty period where the eNB and UE may have different understanding of the PUCCH transmission mode and resource allocation. As noted in [4] Alt. 2 provides an advantage over Alt. 1 only if the PDCCH(s) transmitted to the UE within this RRC reconfiguration period are transmitted with 1 CCE. Otherwise, there is no gain of Alt. 2 over Alt. 1. One solution for Alt. 1 is that during the RRC reconfiguration period the UE shall still derive the PUCCH resource based on an adjacent CCE to the first CCE of the detected PDCCH until the UE transmits the RRCConnectionReconfigurationComplete message.
3. SORTD for CA

Channel selection and DFT-S-OFDM shall be supported as the HARQ-ACK formats on PUCCH for CA. The multiplexing capacity of DFT-S-OFDM is rather limited (at most 5 PUCCH resources per PRB). As such assigning two PUCCH resources for SORTD is not desirable. The same issue holds for channel selection where up to 4 channels need to be implicitly (or explicitly) assigned for single antenna mode transmission of 4 A/N bits. 
Observation: concurrent configuration of DFT-S-OFDM/channel selection and SORTD would result in a large increase in PUCCH overhead.

Therefore, SORTD does not seem practical for both channel selection and DFT-S-OFDM. On the other hand, if A/N bundling is supported for power limited UEs that are configured for DL CA, SORTD may be configured to reduce inter-cell interference. The same arguments comparing Alt.1 versus Alt. 2 are applicable for the A/N bundling format. If Alt. 2 is adopted different options are possible as enumerated in [6], including transmitting with SORTD only if there are two format 1/1a/1b resources available corresponding to each scheduled CC. To simplify UE procedure it is best if the UE is assigned an additional resource for SORTD irrespective of the PDCCH aggregation level on each scheduled CC. Therefore, Alt. 1 also seems preferable for the CA case. 
4. Conclusion

This contribution has studied the two options for resource allocation when SORTD is configured for HARQ-ACK transmission on PUCCH. In summary:
· For single CC mode, our initial preference is that if SORTD is configured it should always be used by the UE for HARQ-ACK transmission.
· For DL CA, SORTD should not be configured in conjunction with DFT-S-OFDM or channel selection in order to minimize PUCCH overhead.
· If A/N bundling is supported for a power limited UE that is configured for DL CA, SORTD is always on when configured for HARQ-ACK transmission.
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