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1.    Introduction
The new WI on joint TDD-FDD operation was established to enhance spectral efficiency for operators that have both FDD and TDD carriers available for use. The primary approach to support this feature is expected to be LTE TDD-FDD carrier aggregation, although other approaches are not precluded. The objectives of the WI include [1]
•
Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation. 
It is also recommended to 

•
Evaluate benefits and complexity, and identify the impact to specifications that are relevant to the following:

•

UL and DL control channel structure

•

Physical Layer procedures.
In this contribution we offer several perspectives on deployment scenarios and impacts on control signals and L1 procedures for TDD-FDD joint operation based on carrier aggregation.

2.  Scenarios and impacts

[image: image1.emf]Macro

Macro

Small Cell 2

Small Cell 2

Small Cell 1

Small Cell 1

TDD CC

FDD DL CC

FDD UL CC

FDD DL CC

FDD UL CC

TDD PCell for UE 1 

TDD CC

TDD CC

FDD PCell for UE 2 

Rel-12 UE 2

Rel-12 UE 2

Rel-12 UE 1

Rel-12 UE 1


Fig. 1: Small cell scenario #2a with CA-based TDD-FDD joint operation at small cell tier.
2.1
Scenarios

In principle, intra-site CA-based TDD-FDD joint operation is preferred since this will avoid problems caused by non-ideal backhaul links. TDD carriers are especially suitable for deployment in small cell scenarios where the traffic is expected to be time-varying and asymmetric. According to the SCE evaluation assumptions [2], the macro tier is limited to a single CC, while outdoor scenario #2a and in-building scenario #2b-dense can have up to 2 CCs at the small cells. 
Consequently, TDD-FDD joint operation in all other small cell scenarios (#1, #2b-sparse, #3-sparse, #3-dense) would require inter-site CA across macros and picos or across picos. Exchange of HARQ and scheduling information between PCell and SCell will suffer from unavoidable latency in these scenarios due to non-ideal backhaul links. Therefore, joint operation in scenarios that support one CC per small cell will induce performance degradation. Thus, for performance evaluation of CA-based TDD-FDD joint operation at small cell tier, scenarios #2a and #2b-dense are of greater interest since multiple CCs are supported at the SCs, as illustrated in Figure 1.
Proposal 1: For study of CA-based TDD-FDD joint operation in small cell networks, scenarios #2a and #2b-dense should be given priority to avoid performance degradation due to non-ideal backhaul.

2.2
Control Signals and Procedures 

In the case of CA-based TDD-FDD joint operation with TDD as PCell, if a FDD secondary CC (SCC) is cross-carrier scheduled by a TDD CC, the PDCCH for the FDD SCC will be located on the TDD CC. Since DL transmission on the TDD CC is not continuous, it may not be possible to always find a DL subframe on the TDD CC to carry PDCCH for the DL or UL subframe on the FDD SCC according to the same subframe timing relation required by the FDD carrier. In such cases, cross-carrier multi-subframe scheduling for the FDD CC may need to be implemented at the TDD CC.
Proposal 2: The impact of TDD-FDD joint operation on cross-carrier scheduling and associated enhancements should be studied further.

Currently, PUCCH is transmitted only on the uplink primary CC (PCC). When a TDD CC is configured as the PCC, PUCCH which carries HARQ feedback will be located on the TDD PCC. Due to longer HARQ round trip time on TDD CC, the number of HARQ processes for the FDD CC may have to be extended beyond eight. To avoid this, PUCCH should be transmitted on both uplink PCC and uplink SCC. 

Proposal 3: UCI on PUCCH should be transmitted on both TDD and FDD uplink CCs.

In the current CA specification, the active monitoring time of PDCCH regions are the same across all CCs for UEs in DRX mode. In TDD-FDD joint operation, PDCCH regions may have different recurring times on the TDD CC compared to the FDD CC, due to the different possible DL subframe configurations on the TDD CC. The energy efficiency of the UE in DRX mode can be enhanced by allowing non-identical PDCCH active monitoring times across CCs.

Proposal 4: PDCCH active monitoring time on FDD and TDD CCs should be non-identical to reduce energy consumption in DRX mode.
3. Conclusion
Proposal 1: For study of CA-based TDD-FDD joint operation in small cell networks, scenarios #2a and #2b-dense should be given priority to avoid performance degradation due to non-ideal backhaul.
Proposal 2: The impact of TDD-FDD joint operation on cross-carrier scheduling and associated enhancements should be studied further.

Proposal 3: UCI on PUCCH should be transmitted on both TDD and FDD uplink CCs.

Proposal 4: PDCCH active monitoring time on FDD and TDD CCs should be non-identical to reduce energy consumption in DRX mode.
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