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1 Introduction

The TDD and FDD joint operation work item specifies an initial study phase to identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation [1]. For operators with both FDD and TDD spectrum, it is crucial to identify efficient mechanisms such that both spectrum resources can be fully utilized to improve system performance and user experience. In this contribution, we first provide views on the applicable deployment scenarios. We further identify the corresponding requirements on the network and UEs based on the applicable joint operation solutions discussed in [2].

2 Deployment Scenarios

The deployment scenarios can be classified based on whether the TDD and FDD cells are transmitted from co-located nodes or distributed nodes and, in the latter case, on the capability of the inter-node connections. 

2.1 Scenario with co-located nodes

For an operator with both TDD and FDD spectrum, it is beneficial to utilize both spectrum pieces as widely as possible to support higher system capacity and better user experience. The simplest deployment approach is to add the new TDD/FDD cells from existing nodes. This will allow tightly coupled operations between the cells to achieve maximum performance. For this co-located scenario, the carrier aggregation solution introduced in Rel-10 and enhanced in Rel-11 can be extended to cover the aggregation of both TDD and FDD carriers.
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Figure 1 CA deployment scenario 2.
2.2 Scenario with ideal backhaul connection

For an operator with multiple spectrum pieces, a potential use case is to deploy separate frequencies to macro nodes for system coverage and to small cell nodes for hot spot capacity. Small cell node deployment for a spectrum piece may also be adopted if the transmission power on the spectrum is limited. For these cases, tight coordination between cells can still be realized with low-latency backhaul. Such deployment is consistent with the carrier aggregation deployment scenario 4 considered in Rel-10. 
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Figure 2 CA deployment scenario 4.
2.3 Scenarios with non-ideal backhaul connection

The applicable scenarios with non-ideal backhaul have been analyzed and prioritized in TR 36.932 [3]. For Rel-12, backhaul latency ranging from 5ms to 60ms is considered. This range of backhaul latency will not allow fast coordination of physical and MAC layer operations as in the case of carrier aggregation. However, the nodes can still communicate and cooperate to enable various dual connectivity solutions that have been considered in RAN2 for Rel-12. A first applicable scenario is to replace the ideal backhaul in CA deployment scenario 4 with non-ideal backhaul with the above latency requirement. This has been discussed in RAN2 as dual connectivity scenario 2. However, it is noted the dual connectivity solutions are applicable to nodes that are connected by backhaul with this range of latency. It is hence also possible to consider a second applicable scenario where the nodes do not necessarily have different transmission power levels. For these two scenarios, the dual connectivity solutions currently under consideration in RAN2 are likely the preferred solutions for TDD-FDD joint operation based on the analysis presented in [2].
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Figure 3 Dual connectivity scenarios.
2.4 Scenario with high-latency connection

In LTE, eNBs are connected with a logical X2 interface. However, depending on the backhaul/aggregation/transport architecture, the latency between any two eNBs may be higher or even substantially higher than those prioritized for Rel-12 in TR 36.932 [3]. This high latency level is unlikely to support effective coordination of the nodes for the benefits of a single UE. Possible solutions for this type of high latency connections are further analyzed in [2]. Based on the findings and identified concerns, TDD-FDD joint operation is not recommended for this scenario.
3 Network and UE Requirements

Based on the analysis presented in the above and in [2], we identify carrier aggregation and dual connectivity as the main targets for TDD-FDD joint operation. The requirements on the network and UEs are analyzed in the following.
3.1 Requirements for carrier aggregation solutions 

For a UE supporting CA of multiple bands that are sufficiently far apart, it should be equipped with multiple requisite frequency synthesizers (local oscillators) to cover the bands simultaneously. The Rel-10/11 interband CA core requirements on the UE should apply to the Rel-12 UE supporting TDD-FDD CA. Similarly, the core requirements on the network side can also be applied.

3.2 Requirements for dual connectivity solutions

There are currently several flavors of dual connectivity schemes under discussion in RAN2 with different levels of UE hardware requirements. For user plane aggregation, majority of the companies agrees UEs with multiple transmitters and multiple receivers are needed to capture the envisioned system throughput and user experience gains. For RRC diversity and control plane/user plane separation, the benefits can still be achieved with a UE with single transmitter and/or receiver, there are however very diverse views from different companies in RAN2. 

It is premature at this point to nail down the UE hardware requirements for TDD-FDD dual connectivity before there is a clear view on what flavor(s) of dual connectivity will be specified in Rel-12. The TDD-FDD dual connectivity requirement discussion should follow after the general dual connectivity schemes and requirements discussion is concluded.
4 Conclusions

In this contribution, we provide analysis of applicable scenarios for TDD-FDD joint operation and the corresponding requirements on the network and UEs. 

The following scenarios are applicable for Rel-12 TDD-FDD joint operation:

· Co-located carrier aggregation scenario 2

· Remote radio head carrier aggregation scenario 4

· Dual connectivity nodes connected with Rel-12 prioritized non-ideal backhaul 

The following requirements are applicable to Rel-12 TDD-FDD carrier aggregation:

· Rel-10/11 internal band CA core requirements on the network and UE are applicable.
The following requirements are applicable to Rel-12 TDD-FDD dual connectivity:
· The backhaul connection latency between nodes supporting dual connectivity should satisfy the Rel-12 prioritized non-ideal backhaul latency range 36.932.

· The UE hardware requirement for dual connectivity between joint TDD and FDD operation should follow what is defined in the TR 36.842.
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