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1. Introduction
At the RAN#60 meeting, a WI on LTE TDD-FDD joint operation was agreed upon [1]. In RAN#61, TR on TDD-FDD joint operation including carrier aggregation [2] was approved. Target deployment scenarios for TDD-FDD joint operation are described below.
	Deployment scenarios

The TDD - FDD joint operation would consider the following deployment scenarios: 

· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant. 


As a solution for TDD-FDD joint operation for the ideal backhaul case, carrier aggregation (intra-eNB CA) has already been agreed upon. From the operator’s point of view, dual connectivity (inter-eNB CA) is also a highly desirable solution for a non-ideal backhaul case. However, dual connectivity (inter-eNB CA) is still under discussion in the SCE higher-layer SI [3]. The TDD-FDD inter-eNB CA should be specified if it is decided to specify dual connectivity (inter-eNB CA) as a result of the SCE higher-layer SI.
In this contribution, first, we describe our view on the most attractive deployment scenario in which the TDD-FDD joint operation including CA must be designed/optimized. Then, we propose a direction for TDD-FDD CA specification that can actualize such design/optimization for the scenario.
2. Most important scenario in which the TDD-FDD joint operation including CA must be optimized
As mentioned in Section 1, deployment scenarios were identified for TDD-FDD joint operation in RAN1#74 [4]. Among them, the most typical and attractive deployment scenarios are non-co-located multiple small cells with an overlaid macro cell, i.e., CA scenario 4 and/or SCE scenario 2a/2b, in order to facilitate offloading hotspot data traffic by using multiple small cells and to actualize simultaneously mobility robustness by using an overlaid macro cell. Since the amount of hotspot traffic is expected to increase further, deployment of denser/larger number of small cells in a macro cell compared to Rel.10/11 CA/HetNet should be targeted in TDD-FDD joint operation. In this deployment, an appropriate assumption would be that FDD is employed by the macro cell where TDD is employed by the small cells in the macro cell. The reason is that FDD fits well with macro cell/lower-frequency networks, while TDD is advantageous when used in conjunction with small cell/higher-frequency networks. Therefore, we propose the following.
Proposal 1:

· TDD-FDD joint operation including CA must be designed/optimized so that many TDD-small cells with an overlaid FDD-macro cell works well

· Even 10 or more TDD-small cells in an FDD-macro cell should be considered
· Note that there is already agreement on such a large number of small cells per macro cell in the evaluation assumption for SCE
Figure 1 illustrates such deployment scenarios with ideal backhaul and non-ideal backhaul. TDD-FDD CA (intra-eNB CA) is a solution for the ideal backhaul case (Fig.1 (a)). Note that a non-ideal backhaul case (Fig.1 (b)) could be supported by dual connectivity (inter-eNB CA), depending on the conclusion of the SCE higher-layer SI. In both deployment scenarios, the following two types of benefits from TDD-FDD joint operation are expected.
· Mobility robustness by FDD-macro cell (as anchor cell)

· Local area/UE throughput enhancement by TDD-small cells exploiting cell-splitting gain
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Fig.1   The deployment scenarios in which many TDD-small cells are deployed in an FDD-macro cell.
In the following, the scenario where many TDD-small cells are deployed in an FDD-macro cell is called as a reference scenario. Note that even if TDD-FDD joint operation is optimized to the reference scenario, other scenarios captured in the TR can be supported as well, since they are less challenging than the reference scenario in terms of traffic offloading, control channel offloading, mobility management, and so on.
3. Issues and solutions for TDD-FDD CA reference scenario
Here we assume the ideal backhaul between the FDD-macro cell and each of the TDD-small cells. In order to achieve the expected benefits mentioned in the previous section, the FDD-macro cell would typically be PCell, while TDD-small cells serve as SCells. However, due to the different roles/characteristics between the FDD-macro cell and each of the many TDD-small cells, cross-carrier L1/L2 control mechanisms would no longer be feasible. More specifically, the PUCCH and cross-carrier scheduling should be reconsidered for TDD-FDD CA to remove cross-carrier mechanisms.
PUCCH
In the current CA specification, the PUCCH can only be transmitted on PCell. However, this is not feasible in the reference scenario where many TDD-small cells are deployed in the FDD-macro cell area and each of them is serving as an SCell for UEs. TDD-FDD CA UE enjoys DL data mainly from TDD-small cell. However, UCI corresponding to the TDD-small cell is mainly transmitted on FDD-macro cell, which is shared by many TDD-FDD CA UEs as the PCell. Therefore, PUCCH resources in the FDD-macro cell would be congested due to heavy DL traffic on multiple TDD-small cells. Although the target scenario is FDD-macro and TDD-small cells, the same issue arises irrespective of the combination of duplex-modes between macro and small cells, i.e., TDD-macro + TDD-small, FDD-macro + FDD-small, and TDD-macro + FDD-small.
It is highly desirable that the DL capacity can be increased as the number of deployed TDD-small cells increases. However, due to resource limitations of the PUCCH on the FDD-macro cell, it is not possible to increase the DL capacity in the reference scenario.
According to the above discussion we believe that the PUCCH should be transmitted on SCell as well as PCell in TDD-FDD CA.

Cross-carrier scheduling

In the reference scenario, cross-carrier scheduling from PCell to SCell would not be realistic. Taking into account that DL data mainly comes from a TDD-small cell, it is natural that the DL assignment and DL data are altogether transmitted by a TDD-small cell. For the reference scenario, self-scheduling would be feasible and would balance control signals between the FDD-macro cell and many TDD-small cells. 
As understood from the above observation, cross-carrier scheduling is not useful for the reference scenario at all. Therefore we do not see the need to support cross-carrier scheduling for TDD-FDD CA.

Based on the above observations, we propose the following.
Proposal 2:

· Cross-carrier L1/L2 control mechanisms should be removed from the TDD-FDD CA specifications
· PUCCH should be supported on SCell as well as PCell

· Cross-carrier scheduling is not supported unless there is a strong need/usage case
It should be noted that proposal 2 aligns well with the design principle of inter-eNB CA (dual connectivity). Therefore, adopting these two proposals on TDD-FDD CA enables smooth extension to inter-eNB CA. Differences in the specifications and the resulting implementation effort between TDD-FDD CA and inter-eNB CA should be minimal.
4. Need for 2-UL configuration for TDD-FDD CA
In the reference scenario where many TDD-small cells are deployed in an FDD-macro cell, configuring 2-UL is needed since the FDD-macro and TDD-small cells would play different roles for the UE. The FDD-macro cell behaves as an anchor cell so that important control signals, i.e., RRC signalling, should be transmitted in both DL and UL. Each of the TDD-small cells behaves as a booster cell so that both DL and UL user throughput should be enhanced by more frequency reuse. In addition, UL transmission power can be significantly reduced in TDD-small cell because of the lower path-loss, which implies that the UL should be transmitted on TDD-small cell as much as possible in terms of UE energy saving. 
On top of 2-UL configuration from the RRC point of view, the following two UE capabilities should be considered in the TDD-FDD CA specifications.
Capability #1: UE does not support UL simultaneous transmission

It is expected that some low-end UEs would not support UL simultaneous transmission. Even high-end UE might not support UL simultaneous transmission for all the band combinations of TDD-FDD CA. Therefore, it is proposed that the specification should be designed so that UE, which does not support UL simultaneous transmission, could support TDD-FDD CA with 2-UL configuration. One simple approach is that eNB scheduler could avoid simultaneous transmission for such UEs, i.e. it should manage/ restrict UL transmission appropriately. It is noted that such scheduling restriction approach is commonly used for FDD half-duplex operation or TDD inter-band CA operation with different UL/ DL configurations.
Capability #2: UE supports UL simultaneous transmission

This is much more straight-forward than Capability #1. UEs could enjoy full benefits of TDD-FDD CA without such scheduling restriction. Additional maximum power reduction (MPR) may be required for UL simultaneous transmission so that UE RF burden can be minimized. For a UE whose UL cell coverage is problem due to the additional MPR, eNB scheduler can simply avoid UL simultaneous transmission similarly to Capability #1. Therefore, the introduction of additional MPR would not be a concern on the UL coverage aspects. 
In summary, it is proposed that 2-UL configuration (in terms of RRC layer) should always be assumed in TDD-FDD CA operations, and that UEs which do NOT support UL simultaneous transmission should be handled by eNB scheduling restriction.  
Proposal 3:

· 2-UL configuration should always be assumed for TDD-FDD CA from RRC point of view
· UEs which do NOT support UL simultaneous transmission should be handled by eNB scheduling restriction
· UEs which support UL simultaneous transmission should achieve full benefits of TDD-FDD CA without scheduling restriction
· Additional MPR may be required so that UE RF burden can be minimized
· Simple TDD-FDD CA with/without UL simultaneous transmission having good affinity to inter-eNB CA (dual connectivity) should be specified

5. Conclusion

In this contribution, we described our view on the most attractive deployment scenario in which TDD-FDD joint operation including CA must be designed/optimized, and proposed a direction for TDD-FDD CA specification taking into account actualization of such design/optimization for the scenario. Our technical proposals are given below.
Proposal 1:

· TDD-FDD joint operation including CA must be designed/optimized so that many TDD-small cells with an overlaid FDD-macro cell works well

· Even 10 or more TDD-small cells in an FDD-macro cell should be considered
· Note that there is already agreement on such a large number of small cells per macro cell is agreed in the evaluation assumption for SCE
Proposal 2:

· Cross-carrier L1/L2 control mechanisms should be removed from the TDD-FDD CA specifications
· PUCCH should be supported on SCell as well as PCell

· Cross-carrier scheduling is not supported unless there is a strong need/usage case
Proposal 3:

· 2-UL configuration should always be assumed for TDD-FDD CA from RRC point of view

· UEs which do NOT support UL simultaneous transmission should be handled by eNB scheduling restriction

· UEs which support UL simultaneous transmission should achieve full benefits of TDD-FDD CA without scheduling restriction

· Additional MPR may be required so that UE RF burden can be minimized
· Simple TDD-FDD CA with/without UL simultaneous transmission having good affinity to inter-eNB CA (dual connectivity) should be specified
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