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1. Introduction
At the RAN#60 meeting, a new WI on LTE TDD-FDD joint operation was agreed upon [1]. The following is the description in the WID [1].
	Objective *

The objective is to enhance LTE TDD – FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenario evaluation phase of the work item. 

The detailed objectives include:

Technical Report on TDD-FDD Joint Operation scenarios from RAN#60 until RAN#61

· Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.

· Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for FDD-TDD joint operation for example multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD carrier aggregation.

Based on the work above consider whether such solutions, if any, need to be added to the Work Item itself, or in separate Work Items


We see it is beneficial to support TDD-FDD joint operation including TDD-FDD carrier aggregation to offer a better user experience by utilizing multiple carriers even with different duplex-modes. In this contribution, we present our initial views on deployment scenarios and NW/UE requirements for TDD-FDD joint operation.
2. Views on Deployment Scenarios
In the WID, the following statement appears [1].
Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11.
Considering that carrier aggregation (called CA or intra-eNB CA hereafter) is already identified as a solution for TDD-FDD joint operation, it is natural to support deployment scenarios supported by the existing CAs (FDD-CA and TDD-CA) in the previous releases since TDD-FDD CA will be a part of the LTE CA feature with FDD-CA and TDD-CA. Therefore, any deployment scenarios covered by FDD-CA and TDD-CA should be supported by TDD-FDD CA. Furthermore, it is better to study additional scenarios in which the current mobile traffic explosion in hotspot areas is taken into account. For this, Rel. 12 small cell enhancements (SCE) scenarios 2a/2b [2] would be appropriate. Assuming an ideal backhaul, SCE scenarios 2a/2b can be understood as an extension of CA scenario 4, where small cells are more densely deployed in a hotspot area using a carrier frequency that is separate from the macro layer. In addition, Rel. 12 SCE scenarios 2a/2b have multiple options in terms of the backhaul assumption between the macro and small layers. In the case of a non-ideal backhaul between the macro and small cells, the existing CA cannot be applied. As such, a more challenging but realistic scenario compared to CA scenario 4 should be targeted.
Proposal 1:
· CA scenarios 1-4 should be supported
· SCE scenarios 2a/2b should also be supported as a more challenging scenario
· Both ideal and non-ideal backhauls between macro and small cells should be targeted
3. Views on NW Requirements
In the current specification, time-synchronization assumption among CCs is specified for intra-band contiguous CA, intra-band non-contiguous CA, and inter-band CA, respectively [3]. Meanwhile, time-synchronization with a difference of 3 µs (10 µs) or less is required between TDD co-channel small (large) cells [4], while there is no time-synchronization requirement defined for FDD. Due to this inconsistency, some discussion is needed to decide the synchronization assumption. The following options are considered.
Option 1:
The Rel. 11 CA time-synchronization assumption is retained between FDD and TDD cells
This implies that the FDD cells need to be synchronized with TDD cells, and hence, synchronized with other FDD co-channel cells within the same requirement as TDD, e.g., <= 3 µs. 

Option 2:
A time-synchronization assumption different from Rel. 11 CA is introduced between FDD and TDD cells
For option 2, various assumptions can be considered. If no additional time-synchronization assumption is introduced for FDD, TDD and FDD cells may be unsynchronized. As such, with option 2, Rel. 11 CA timing is no longer retained between TDD and FDD cells. 
Figure 1 illustrates an example of these synchronization assumptions. A combination of FDD-macro and TDD-small cell layers is assumed in Fig. 1 but not limited to this combination.
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Figure 1 - Options for synchronization assumption.
The time-synchronization assumption should be discussed not only for the ideal backhaul between FDD and TDD cells, but also for a non-ideal backhaul. Therefore, we propose the following.
Proposal 2:

· RAN1 should discuss the synchronization assumptions between FDD and TDD cells assuming ideal and non-ideal backhauls between FDD and TDD cells

4. Views on UE Requirements
As we described in our companion paper [5], we believe that intra-/inter-eNB CA would be the candidate solutions for TDD-FDD joint operation. In order to support these solutions in TDD-FDD joint operation, the UE is required to be able to simultaneously transmit and receive multiple-CCs. For non-CA capable UEs, interworking between TDD/FDD has already been supported since Rel. 8. Therefore, currently we do not see a need to introduce an additional TDD-FDD joint operation solution for non-CA capable UEs.

Proposal 3:
· UEs are required to be able to simultaneously transmit and receive multiple-CCs
5. Conclusion

In this contribution, we presented our views on the deployment scenarios and NW/UE requirements for TDD-FDD joint operation. Our proposals are given below.
For deployment scenarios:

· CA scenarios 1-4 should be supported

· SCE scenario 2a should also be supported as a more challenging but realistic scenario

· Both ideal and non-ideal backhauls between macro and small cells should be targeted
For NW requirements:

· RAN1 should discuss the synchronization assumption between FDD and TDD cells assuming ideal and non-ideal backhauls between FDD and TDD cells

For UE requirements:

· UEs are required to be able to simultaneously transmit and receive multiple-CCs
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