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1 Introduction
In RAN#60, new work item on TDD-FDD joint operation was approved with RAN1 as leading working group [1]. In the work item, TDD-FDD carrier aggregation will be introduced to support efficient joint operation of TDD and FDD carrier. The work item also suggests identifying scenarios for the joint operation of TDD-FDD carriers and potential solutions other than TDD-FDD carrier aggregation as well.
In this paper, we discuss the basic assumptions for the deployment scenarios of TDD-FDD joint operation and related UE requirements.
2 Basic assumptions on TDD-FDD joint operation
In this section, we discuss the a few basic assumptions necessary to be defined for the development of TDD-FDD joint operation.

· Different bands between FDD and TDD
In order to avoid interference between FDD DL and TDD UL and vice versa, it is natural assuming that FDD carrier and TDD carrier for joint operation are from different bands. Even though other cases such as FDD carrier and TDD carrier in a same band could be considered for further spectral efficiency enhancement, inter-band scenario should be a baseline for TDD-FDD joint operation.
Suggestion 1: Baseline assumption for TDD-FDD joint operation is FDD carrier and TDD carrier from different bands.

· Backhaul assumption

For the carrier aggregation of FDD and TDD carriers, it should be a basic assumption that FDD cell and TDD cell are collocated in a same eNB site or connected via ideal backhaul as in the CA deployment scenarios 1, 2, 3 and 4 in TS 36.300 [2].

It can be also considered FDD cell and TDD cell are connected via non-ideal backhaul as in small cell deployment scenario 2a or 2b [3]. However, support of joint TDD-FDD operation in those scenarios should be investigated further in the aspect of potential solutions other than CA and time schedule of existing small cell enhancement SI and TDD-FDD joint operation WI.
Suggestion 2: Collocation or ideal backhaul between FDD and TDD cells should be a baseline assumption while non-ideal backhaul case can be discussed further.

· Purpose of TDD-FDD joint operation
Basic purpose of TDD-FDD joint operation should be peak UE throughput enhancement compared to the case of no TDD-FDD joint operation so that LTE deployment can enlarge the chance to increase the peak data throughput by cooperation of TDD-FDD carriers. Other motivation such as mobility support in small cell scenario could be investigated further.

Suggestion 3: Peak UE throughput enhancement compared to the case of no TDD-FDD joint operation should be a main purpose of joint TDD-FDD operation.

3 UE requirements on joint TDD-FDD operation
In this section, we discuss requirements of the potential UE capabilities to support joint TDD-FDD operation based on the basic assumptions suggested in the previous section especially regarding UE CA capabilities.

· Capability (A): CA of TDD carrier and FDD carrier
For the aggregation of TDD carrier and FDD DL/UL carriers as illustrated in figure 1(a), UE should support the following capabilities basically.
· Baseband CA capability in both DL and UL

· RF CA capability in both DL and UL for supportable band combinations

· Supporting both FDD and TDD duplexing for supportable bands

Since the UE should support full FDD or TDD capability in supportable bands, the UE should be able to operate with FDD cell as legacy FDD UE and TDD cell as legacy TDD UE.

[image: image1.emf]FDD DL

FDD UL

TDD DL/UL

f1

f2

f3

….

….

….

(a) CA of TDD & FDD

FDD DL

TDD DL/UL

f3

f2

f3

….

….

….

(b) CA of TDD & FDD DL

FDD DL

FDD UL

TDD DL

f3

f2

f3

….

….

….

(c) CA of TDD DL & FDD


Figure 1. UE capabilities for TDD-FDD carrier aggregation
· Capability (B): CA of TDD carrier and FDD DL carrier only
For the aggregation of TDD carrier and FDD DL carrier only as illustrated in figure 1(b), UE should support the following capabilities basically.

· Baseband CA capability in DL

· RF CA capability in DL for supportable band combinations

· Supporting TDD duplexing for supportable bands

Since the UE doesn’t support full FDD DL/UL functionality, the UE cannot operate with FDD cell as legacy FDD UE, but the UE should be able to operate with TDD cell as legacy TDD UE.

· Capability (C): CA of FDD carrier and TDD carrier with DL subframes only
For the aggregation of FDD DL/UL carriers and TDD carrier with DL subframes only as illustrated in figure 1(c), UE should support the following capabilities basically.
· Baseband CA capability in DL

· RF CA capability in both DL for supportable band combinations
· Supporting FDD duplexing for supportable bands

Since the UE doesn’t support full TDD functionality, the UE cannot operate with TDD cell as legacy TDD UE, but the UE should be able to operate with FDD cell as legacy FDD UE.

In the potential UE capabilities above, support of capability (A) should be a baseline while UEs with capability of (B) can be also supportable for TDD-FDD joint operation since CA of DL only carrier is already supported in LTE Rel-10/11. Support of capability (C) can be also considered to allow UEs without UL CA capability benefits from TDD-FDD joint operation. In should be noted that capability (B) and (C) may not need to be differentiated in the aspect of CA capabilities since both capabilities support DL CA and UL single carrier operation. 
· UE requirements to support TDD-FDD joint operation with non-ideal backhaul
As discussed in previous section, it should be still discussed whether TDD-FDD joint operation with non-ideal backhaul as in small cell deployment scenarios should be supported or not. Moreover, UE requirements to support dual connectivity in small cell environments are still under discussion. Therefore, it is not clear yet whether or which UE requirements are necessary to support TDD-FDD joint operation with non-ideal backhaul.
Based on the discussion on the UE requirements so far, we suggest the following.
Suggestion 4: Support the UE capability for the following CA scenario.

· Capability (A): CA of TDD carrier and FDD carrier

Suggestion 5: Discuss the support of UE capabilities for the following CA scenarios.

· Capability (B): CA of TDD carrier and FDD DL carrier only

· Capability (C): CA of FDD carrier and TDD carrier with DL subframes only

4 Summary
In this paper, we discussed basic assumptions for the TDD-FDD joint operation and the following UE requirements to support TDD-FDD joint operation. Suggestions from the discussion in this paper are summarized as following.
Suggestion 1: Baseline assumption for TDD-FDD joint operation is FDD carrier and TDD carrier from different bands.

Suggestion 2: Collocation or ideal backhaul between FDD and TDD cells should be a baseline assumption while non-ideal backhaul case can be discussed further.

Suggestion 3: Peak UE throughput enhancement compared to the case of no TDD-FDD joint operation should be a main purpose of joint TDD-FDD operation.

Suggestion 4: Support the UE capability for the following CA scenario.

· Capability (A): CA of TDD carrier and FDD carrier

Suggestion 5: Discuss the support of UE capabilities for the following CA scenarios.

· Capability (B): CA of TDD carrier and FDD DL carrier only

· Capability (C): CA of FDD carrier and TDD carrier with DL subframes only
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