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1 Introduction

It has been confirmed in RAN1 #74 to support TDD-FDD carrier aggregation. For operators with holdings of both TDD and FDD bands, efficient operation and wide application of TDD-FDD carrier aggregation can provide substantial benefits to system performance and user experience. We discuss components of a baseline solution in this contribution with the goal of more and lower-cost UEs to be configured with TDD-FDD carrier aggregation in wider areas.
2 Baseline TDD-FDD carrier aggregation framework

2.1 Minimum UE hardware requirement

Carrier aggregation was first introduced to LTE in Rel-10. It was further extended to support interband TDD carrier aggregation with different UL/DL configurations on different bands in Rel-11. For both LTE releases, the design has assumed a minimum UE hardware requirement of 2 DL receivers and 1 UL transmitter. A direct consequence of this minimum requirement is that PUCCH will be transmitted on the UL PCell. This design choice was reached with careful consideration of the following benefits:

· Lower UE hardware requirements allow more/lower-cost UEs to be configured with carrier aggregation to achieve higher data rates and user experience.

· The carrier aggregation operation area is enlarged by concentrating the PUCCH transmission power on a single carrier [2]. This allows more CA-capable UEs in the cell to be configured with carrier aggregation operations.

For Rel-12 TDD-FDD carrier aggregation, we see the same benefits of following the Rel-10/11 design to allow for more and wider application of TDD-FDD carrier aggregation.

Proposal 1 Minimum UE hardware requirement is 2 DL receivers and 1 UL transmitter.

Proposal 2 PUCCH is transmitted on the UL PCell.

2.2 Scheduling mechanism

In Rel-10/11, the baseline operation is for each serving cell for a UE to send the scheduling information to the UE on the cell itself. The scheduling information transmission mechanism has also been substantially expanded by the introduction of EPDCCH in Rel-11. With the flexibility to configure the EPDCCH resource with different frequency resources, inter-layer/cell interference coordination can be achieved in a heterogeneous network even with self-scheduling. Therefore, self-scheduling with PDCCH and EPDCCH should be considered as the baseline solution for TDD-FDD CA. 

Cross-carrier scheduling is a redundant feature for Rel-12 TDD-FDD CA since the full mechanisms of EPDCCH have been completed in Rel-11 and well understood now. There is, e.g., no need to rely on PDCCH cross-carrier scheduling for heterogeneous network coordination as described in the above. If clear benefits can be demonstrated for certain scenarios using DL cross-carrier scheduling, it suffices to retain the same DL cross-carrier scheduling timing from Rel-10/11. 

UL self-scheduling with PDCCH/EPDCCH can schedule all SCell UL subframes and can handle inter-layer/cell interference in heterogeneous networks. Supporting UL cross-carrier scheduling for TDD-FDD CA only degrades UE and system performance and increases implementation complexity unnecessarily. 

· First, as demonstrated in the Rel-11 specifications for interband TDD CA with different UL/DL configurations, UL cross-carrier scheduling can schedule substantially fewer SCell UL subframes, which reduces the UE throughputs. 

· Secondly, UL cross-carrier scheduling requires UEs configured with UL cross-carrier scheduling to be scheduled at different times than other (non-CA or self-scheduling) UEs. Such heterogeneous scheduling timings makes it difficult to provide an effective prioritization of UEs in the scheduling processes, service prioritization policies and frequency- and spatial-domain scheduling and coordination effectiveness. 

· Thirdly, lack of PHICH resources for HARQ-ACK signaling further complicates the UE and base station implementation.

Proposal 3 Self-scheduling with PDCCH/EPDCCH for both DL and UL is supported. Rel-12 TDD-FDD CA specifications work should focus on supporting the self-scheduling case first.

Proposal 4 Scenarios and benefits of DL cross-carrier scheduling considering the availability of EPDCCH should be studied and clarified. If the support is justified with costs/benefits analysis, the same DL cross-carrier scheduling timing from Rel-10/11 should be applied to Rel-12.

Proposal 5 UL cross-carrier scheduling is not supported.

2.3 HARQ-ACK feedback 

The DL HARQ-ACK feedback timing for an SCell in Rel-11 interband TDD CA with different UL/DL configurations in different bands is resolved via a DL-reference UL/DL configuration. The DL-reference UL/DL configuration serves as pointer to existing DL HARQ-ACK feedback timing and procedures. This DL-reference UL/DL configuration framework can be directly reused for Rel-12 TDD-FDD CA. For instance, an FDD SCell associated with a TDD PCell may follow one of the 7 existing UL/DL configurations to determine the DL HARQ-ACK feedback timings and procedures. A TDD SCell associated with an FDD PCell may follow FDD HARQ-ACK timings and procedures.

Proposal 6 The Rel-11 DL-reference UL/DL configuration solution to SCell DL HARQ-ACK timing and procedures can be reused for Rel-12 TDD-FDD CA.

2.4 Continued UL control channel enhancement for CSI reporting

Periodic CSI reports from the UEs enable better system operating adaptation to improve system performance and user experience. The timeliness of the CSI reports is particularly crucial for scheduling multiple serving cells, small cell scenarios and CoMP cases. However, the periodic CSI report is frequency dropped from UE feedback when the report collide with scheduling request or multi-cell HARQ feedback. It was recognized in the Rel-11 carrier aggregation enhancement WI that excessive dropping of CSI report can negatively impact system performance and user experience. PUCCH Format 3a was introduced to allow simultaneous feedback of multi-cell HARQ-ACK, scheduling request (if applicable) and periodic CSI report. As shown in Table 1, the Rel-11 enhancement still does not address all CSI dropping cases.

For the TDD-FDD JO WI, we identify the CSI dropping issues may become particularly acute in the case of a TDD PCell and FDD SCell. Furthermore, we illustrate the complexity and reliability issues of a base station PUCCH detector in Table 1: the detector needs to hypothesize up to five possible PUCCH signal formats/locations. The large number of detection hypotheses reduces receiver performance and PUCCH coverage. It will be beneficial to identify and investigate uplink control channel structures enhancement to address these issues.

Proposal 7 Evaluate and introduce PUCCH enhancement for periodic CSI reporting and base station detection improvement.
One possible candidate to address the identified issues is the PUCCH Format 3b proposal [3] that was discussed toward the end of the Rel-11 standardization process but was not included in Rel-11 due to lack of time for further understanding. As illustrated in Figure 2 and Table 1, the Format 3b proposal reuses the Format 3 physical layer procedures fully and differs only in the payload and the applicable subframes. A summarized description of the PUCCH Format 3b proposal can be found in the Appendix.

The benefits of this proposal are threefold:

· This proposal allows periodic CSI report to be sent by the UE in all cases. The enables better system operation adaptation for better system performance and user experience.

· This proposal can reduce the number of detection hypotheses faced by the base station detector from five to two. This drastically improves detection reliability.

· In addition, link simulation results in the Appendix show PUCCH Format 3b outperforms PUCCH Format 2/2a/2b in most applications and with gains up to 2 dB. 
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Figure 1 Illustration of Format 3 based signals for carrying different combinations of multi-cell HARQ-ACK, PCell HARQ-ACK, SR and CSI. The SR field is present only in a subframe configured with scheduling request opportunity.
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Table 1 PUCCH signal combinations in a subframe configured for periodic CSI reporting. The shaded cases indicate CSI report dropping. The number of hypotheses for a base station PUCCH detector is reduced from five to two in the Rel-12 proposal.

3 Conclusions

We discussed a baseline framework for Rel-12 TDD-FDD carrier aggregation solutions. In order to enable carrier aggregation for more/lower-cost UEs and to apply it to wider coverage areas, we find it beneficial to reuse most of the components from Rel-10/11 carrier aggregation solutions. We propose:

Proposal 1 Minimum UE hardware requirement is 2 DL receivers and 1 UL transmitter.

Proposal 2 PUCCH is transmitted on the UL PCell.

Proposal 3 Self-scheduling with PDCCH/EPDCCH for both DL and UL is supported. Rel-12 TDD-FDD CA specifications work should focus on supporting the self-scheduling case first.

Proposal 4 Scenarios and benefits of DL cross-carrier scheduling considering the availability of EPDCCH should be studied and clarified. If the support is justified with costs/benefits analysis, the same DL cross-carrier scheduling timing from Rel-10/11 should be applied to Rel-12.

Proposal 5 UL cross-carrier scheduling is not supported.

Proposal 6 The Rel-11 DL-reference UL/DL configuration solution to SCell DL HARQ-ACK timing and procedures can be reused for Rel-12 TDD-FDD CA.
Proposal 7 Evaluate and introduce PUCCH enhancement for periodic CSI reporting and base station detection improvement.
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Appendix PUCCH Format 3b Proposal [3]
As illustrated in Figure 2 and Table 1, the Format 3b proposal reuses the Format 3 physical layer procedures fully and differs only in the payload and the applicable scenarios. PUCCH Format 3b is applicable to a UE in a CSI-reporting subframe. The PUCCH resource for this UE and this CSI reporting process can be semi-statically configured by higher-layer signaling (and is not reserved for the UE in other subframes). PUCCH Format 3b is transmitted by the UE if it does not need to send multi-cell HARQ-ACK feedback. The payload contains periodic CSI report, scheduling request if applicable and a “Pc A/N” field. If the UE needs to send PCell HARQ-ACK feedback, the PCell HARQ-ACK is inserted in the “Pc A/N” field. Otherwise, the field is defaulted to zero(s). Since the base station has the scheduling knowledge, the dummy bit(s) in the “Pc A/N” field will not negatively impact the link performance of PUCCH Format 3b.

In Figure 2, we provide link performance results for the proposal PUCCH Format 3b for the EPA and ETU channel and vehicular speed of 3km/hr. 

· For the case of carrying only the CSI report, the required operating SNR is determined by Pr(CSI block errors)≤0.01. It can be observed Format 3b and Format 2 perform similarly for the EPA channel but Format 3b performs better than Format 3 by up to 1.5 dB for the ETU channel and CSI report size of six bits or more.

· For the case of carrying 2 PCell HARQ-ACK bits and the CSI report, the required operating SNR is determined by the minimum SNR to achieve Pr(CSI block errors)≤0.01 and Pr(HARQ-ACK bit errors) ≤0.001. For small CSI payloads, PUCCH Format 3b outperforms Format 2 by up to 2.0 dB and, as the CSI payload increases, the gain reduces with a cross-over at 8 CSI bits.
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Figure 2 Required operating SNR in dB for the proposed PUCCH Format 3b and Rel-10 Format 2/2b for different number of CSI bits. Single transmit antenna and EPA (solid) and ETU (dashed) channel models are assumed.
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