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1. Introduction

It was agreed at RAN1 #74bis that the DL-reference configuration for a UE configured for EIMTA operation in a serving cell can be selected from one of TDD UL/DL configurations 2, 4, and 5. Subsequent discussions followed at RAN1 #75 regarding HARQ-ACK transmissions on PUCCH and PUSCH. Regarding PUCCH, the following issues were identified for further investigation:

· Supported PUCCH format(s) for eIMTA enabled UEs and for the supported PUCCH format(s), the corresponding design details. Potential PUCCH formats include:

· ACK/NAK bundling

· PUCCH format 1b with channel selection

· PUCCH format 3

· Whether or not to standardize solutions resolving PUCCH resource collision issues, and if so, detailed solutions

This contribution elaborates on some recommendations we made during the RAN1 email discussion of [1].
2. Supported PUCCH Formats
As mentioned in a past contribution [2], bundling of HARQ-ACK bits across subframes is beneficial for coverage limited UEs since it lowers the UL SINR requirement. The DL throughput is not significantly degraded if the channel and interference conditions are correlated across all DL subframes in the Downlink Association set corresponding to an UL subframe. For EIMTA, however, where the UE may experience different interference conditions across fixed and flexible DL subframes, HARQ-ACK bundling with PUCCH Format 1a/1b may actually be quite detrimental to DL throughput. Moreover, for the deployment scenarios currently envisioned for EIMTA, coverage is not expected to be a limiting factor. Nevertheless, it can be left to the network whether to configure HARQ-ACK bundling if no other specification efforts are required.  

It was agreed that the DL-reference configuration for a serving cell configured for EIMTA operation can be selected from UL/DL Configurations {2, 4, 5}. Therefore, similarly to Rel-11, PUCCH Format 1b with channel selection can be supported for UL/DL configurations 2/4 at least for single cell operation. Furthermore, it should be sufficient to support only the Rel-10 mapping tables. 
PUCCH Format 3 can support all scenarios envisioned for EIMTA operation. Secondly, since only PUCCH Format 3 or HARQ-ACK bundling have been specified for UL/DL configuration 5, it is even more imperative that PUCCH Format 3 is supported given the afore-mentioned limitations of HARQ-ACK bundling for EIMTA.

Proposal 1:
· PUCCH Format 1b with channel selection and PUCCH Format 3 should be supported for EIMTA operation.
· PUCCH Format 1b with channel selection is not supported when the DL-reference is UL/DL Configuration 5.

· Although HARQ-ACK bundling may not provide benefits for the currently envisioned EIMTA scenarios, its configuration can be left to network implementation. 

3. PUCCH resource allocation
For legacy LTE releases, implicit PUCCH resource allocation for an UL subframe is determined by the size of the bundling window, M, the CCE indexing and a block interleaving pattern. For EIMTA operation, if the SIB1-signaled UL/DL configuration is different from the DL-reference UL/DL configuration, a legacy UE would have a different DL subframe-to-PUCCH resource mapping compared to a UE configured for EIMTA in the same serving cell. This may lead to resource collision as was discussed at RAN1 #75 [2] and by the email discussion of [1]. It is preferable to specify a solution that does not rely on the eNB scheduler to avoid such collisions.
One proposed solution is partition the DL Association Set corresponding to the DL-reference configuration such that subframes which are common to both the SIB1 and DL-reference configurations are mapped according to the SIB1 configuration whereas other subframes are mapped to a new PUCCH region. Resources for the new PUCCH region may be semi-statically configured [3] or a similar Rel-8 implicit mapping rule can be applied, wherein a separate dynamic offset parameter, 
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can be configured. This enhanced implicit resource mapping rule can be used for PUCCH Format 1a/1b-based schemes including Format 1b with channel selection. Note that the concept of separate PUCCH regions is not new as it was used for UL CoMP in Rel-11.

Alternative mapping rules can be used for the second PUCCH region corresponding to the unique subframes in the DL-reference configuration. For example, fixed subframes can be mapped first before flexible subframes in order to free up PUCCH resources corresponding to unused flexible subframes [4]. This may be viewed as a further optimization, which can be further discussed as it should not impact RAN2 work.
With this enhanced implicit mapping, PUCCH Format 3 resource allocation may follow Rel-11 specification. For example, if a UE configured for PUCCH Format 3 receives a single PDCCH indicating PDSCH or DL SPS release with DAI = 1 within the bundling window, it can transmit PUCCH Format 1b using the implicit PUCCH resource derived according to the enhanced implicit mapping. Otherwise if the DAI > 1, the UE transmits using PUCCH Format 3 and the PUCCH resource indicated by the ARI field in the DCI format. 
Proposal 2: 

· For dynamic PUCCH resource allocation in an UL subframe first map according to the SIB1 UL/DL configuration, and then reserve resources for any remaining DL subframes in the bundling window of the DL-reference configuration. 
· Resource allocation when a UE is configured for PUCCH Format 3 follows the Rel-11 rule taking into account the enhanced implicit mapping rule.

4. Conclusion

In this contribution we provided some solutions for the open issues regarding HARQ-ACK transmission on PUCCH when a UE is configured for EIMTA in a serving cell. In summary we propose:
· PUCCH Format 1b with channel selection and PUCCH Format 3 should be supported for EIMTA operation.

· PUCCH Format 1b with channel selection is not supported when the DL-reference is UL/DL configuration 5.

· Although HARQ-ACK bundling may not provide benefits for the currently envisioned EIMTA scenarios, its configuration can be left to network implementation. 

· For dynamic PUCCH resource allocation in an UL subframe first map according to the SIB1 UL/DL configuration, and then reserve resources for any remaining DL subframes in the bundling window of the DL-reference configuration. 
· Resource allocation when a UE is configured for PUCCH Format 3 follows the Rel-11 rule taking into account the enhanced implicit mapping rule.
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