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1 Introduction
At the 3GPP TSG RAN #60 meeting a new WI “LTE TDD – FDD Joint Operation” was agreed to specify TDD-FDD Carrier aggregation and to start studying solutions to enhance LTE TDD – FDD joint operation depending on the outcome of the initial scenario evaluation phase of the work item. 
This contribution provides a text proposal for TDD and FDD joint operation including

· scenario and requirement
· possible potential solutionsother than LTE TDD-FDD carrier aggregation
-------------------------------------------Start text proposal----------------------------------------------------------

4
Scenarios and requirements
4.1
Scenarios

4.1.1
Deployment scenarios

<Editor Notes: Definitions of interested deployment scenarios for TDD and FDD joint operations.>
The TDD and 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. 
For this case, FDD and TDD cells may or may not be synchronized. Further study is needed to consider whether the case of FDD and TDD being non-synchronised is supported (i.e. for the non-ideal backhaul case).
4.1.2
Backhaul assumptions

<Editor Notes: Definitions of backhaul assumption for deployment scenarios, For example, Candidate backhaul condition as described in [TR36.932].> 
The candidate backhaul condition supporting TDD and FDD joint operation is described in [TR36.932]. A categorization of non-ideal backhaul, and good to ideal backhaul based on operators input can be considered. 
4.1.3
Carrier frequency related assumptions

< Editor’s note: It is beneficial for operators to provide inputs for LTE carrier plan.>

The following combination of TDD and FDD spectrum supporting TDD and FDD joint operation can be considered, 

· Carrier frequency of TDD is far away enough from FDD carrier frequencies 
· Carrier frequency of TDD is near the UL band of FDD

· Carrier frequency of TDD is near the DL band of FDD

· Carrier frequency of TDD locates between the UL band and DL band of FDD
Additionally, the following situation may be assumed taking into account UE roaming case,
· The carrier frequency of TDD above is defined as FDD in different region, and
· The carrier frequency of FDD above is defined as TDD in different region
· In one case, a UE could be signalling the capability that it supports this frequency (band X) for FDD and the same frequency (band Y) for TDD.
4.2
Requirements

4.2.1
Prerequisite of TDD/FDD joint operation

<Editor Notes: general requirements>
UEs supporting FDD and TDD joint operation shall be able to access both legacy FDD and legacy TDD single mode carriers.
Legacy FDD UEs and UEs supporting FDD and TDD joint operation may camp on and connect to the FDD carrier, which is part of the jointly operated FDD/TDD network.
Legacy TDD UEs and UEs supporting FDD and TDD joint operation may camp on and connect to the TDD carrier, which is part of the jointly operated FDD/TDD network.
Network architecture enhancement in order to facilitate FDD and TDD joint operation, e.g., for non-ideal backhaul, can be considered. Keeping the minimum network architecture change is still of interest from operators’ perspective.
4.2.2
Terminal requirements

<Editor Notes: Provide descriptions for terminal requirements, e.g., CA capability? UL 2-Tx? and etc. >
Solutions can be considered which support UEs which do not have one or more of the following capabilities, as well as solutions which require one or more of these capabilities:

· simultaneous reception on FDD and TDD carriers (i.e. DL aggregation)

· simultaneous transmission on FDD and TDD (i.e. UL aggregation)

· simultaneous transmission and reception on FDD and TDD (i.e. full duplex) 

4.2.3 Network requirements
<Editor’s Note:  FFS whether the case of FDD and TDD being non-synchronised is supported for non-ideal backhaul>

4.2.4
Performance requirements

The following benefits can be considered for TDD and FDD joint operation,
· UE throughput
· The UE can achieve higher throughput by simultaneously receiving and/or transmitting from both TDD and FDD carrier.
· Load balancing
· UE can experience higher throughput by using lower loaded carrier.
· Network can utilize the resource more efficiently between TDD and FDD carrier.
· Coverage / Mobility

· It is of interest from operators’ perspective that the carrier with lower carrier frequency provides sufficient coverage / mobility while another carrier with higher carrier frequency is used to improve throughput offloading, which may also provide mobility robustness.
· Network capacity
· It would be desirable from the Operator perspective to increase the frequency utilization.
5
Potential TDD/FDD joint operation solutions
<Editor’s Notes: This section identify possible other solutions for FDD-TDD joint operation in addition to LTE TDD-FDD carrier aggregation according to the agreement in RP-130888>
<Editor’s Notes: the following template is provided for other solution description>

5.z
Dual connectivity
A term “dual connectivity” is used to refer to operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. Furthermore, each eNB involved in dual connectivity for a UE may assume different roles. Those roles do not necessarily depend on the eNB’s power class and can vary among UEs. 
In the form of dual connectivity, inter-node radio resource aggregation is a potential solution for improving per-user throughput. This can be done by aggregating radio resources in more than one eNB for user plane data transmission. Depending on realization of this solution, signalling overhead towards the CN can potentially be saved by keeping the mobility anchor in the macro cell.
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Figure 5.z: Inter-node radio resource aggregation
Applicable scenarios and potential L1 spec impacts of dual connectivity are discussed in [zz]. Basically, the dual connectivity would be applicable regardless of the combination of duplex modes (i.e., FDD+FDD, TDD+TDD, and TDD+FDD).The baseline UE requirements supporting dual connectivity would be 2-Tx and 2-Rx in such case. 
If it is decided to specify dual connectivity as a result of the RAN2 small cell enhancement SI [z], and if it is decided to support a non-CA-based solution for TDD-FDD joint operation, then dual connectivity can be considered as non-CA-based solution for TDD-FDD joint operation in the scenarios applicable.
[5.y
Enhanced dual mode]
[The evolution of Rel-8/9/10/11 UEs to support TDD-FDD joint operation can be represented as in Fig. X:
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Legacy dual mode UEs support seamless handover between TDD and FDD carriers, i.e. non-simultaneous type of operation. The legacy dual mode UEs have TDD and FDD RF. For the legacy dual mode UEs that are not CA-capable, the frequency synthesizer may be shared by TDD and FDD. Baseband capability of dual mode no-CA capable UEs is similar to single mode non-CA capable UEs (i.e. single carrier peak data rate).

Possible enhancements to dual mode UEs were discussed, where enhancements fall mostly into two categories:

· independent simultaneous operation on TDD and FDD (i.e. two UEs in one terminal, baseband capabilities similar to CA-single mode UE)

· non-simultaneous operation on TDD and FDD (i.e. fast switching without handover, baseband capabilities similar to non-CA capable single mode UE) 

The first type of enhanced dual mode UE was found to require the UE to duplicate of most of the functionalities. Implementation challenges were also emphasized depending on the operating bands. It was also pointed out that such a complex and power inefficient UE would be more efficiently handled by the network if the network could coordinate the TDD and FDD operations, such as with carrier aggregation or multi-stream aggregation. It is therefore proposed to not consider this type of UE operation. 

The second type of enhanced dual mode UEs supporting TDD-FDD joint operation would reuse most of the conventional legacy dual mode UE implementation, i.e. no increase in the number of RF chains, possibly no need to add frequency synthesizers, and similar baseband capability. Considering the operation of this type of UE in networks with unequal coverage between FDD (e.g., macro) and TDD (e.g., small cell) and weak backhaul between FDD and TDD, as in small cell scenarios 2a/2b, some companies suggested mobility and load balancing related enhancements to be considered. If supported, this type of UE should support TDD-FDD joint operation in scenarios with any type of backhaul and different FDD-TDD joint operation architectures supporting this type of operation.]
[5.x
TDD operation in uplink channel of paired frequency allocations]
[In this solution the uplink FDD channel is used for both FDD UL operation and TDD downlink-uplink operation. Given the typical downlink-centric traffic asymmetry which leaves un-used time-frequency resources on the uplink FDD channel, by implementing the TDD operation within these unused FDD UL resources it may be possible to increase the user data rates of the paired frequency allocations.

Suitable scheduling in TDD DL is required such to avoid, for a specific UE, simultaneous transmission of FDD PUCCH and reception of TDD DL physical channels; this requirement can be relaxed if a more flexible HARQ timing will be defined.

The solution can work in both synchronised and un-synchronised modes. In both modes it is needed suitable provisioning or inter cell coordination for the assignment of orthogonal time-frequency resources to each of FDD and TDD operations. The synchronised operation is preferred, as the non-synchronised operation may require some intra-channel guard-bands. Further studies on UE RF front-end impacts as well as effect on FDD HARQ timing will be needed.
More details can be found in ‎[1]and ‎[2].]
6
Conclusions and recommendations
<Propose to list a few things…>

· Enhancement of dual mode operation can be considered as further studies, e.g., minimize network architecture change and less UE minimum requirements such as single UE uplink transmission.
If it is decided to specify dual connectivity as a result of the RAN2 small cell enhancement SI, and if it is decided to support a non-CA-based solution for TDD-FDD joint operation, then dual connectivity can be considered as non-CA-based solution for TDD-FDD joint operation in the scenarios applicable
· …

