Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #74
R1-133374
Barcelona, Spain, 19th August – 23rd August 2013
Agenda Item:
7.2.5.2
Source: 
LG Electronics

Title: 
Solutions for TDD-FDD joint operation
Document for:
Discussion and decision

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. On the other hand, the work item suggests identifying scenarios for the joint operation of TDD-FDD carriers and potential solutions other than TDD-FDD carrier aggregation.
In this paper, we discuss the potential solutions for TDD-FDD joint operation for various deployment scenarios including TDD-FDD carrier aggregation.

2 Discussion
We consider largely two different deployment scenarios for the TDD-FDD joint operation depending on the backhaul assumptions between TDD cell and FDD cell, that is, ideal backhaul and non-ideal backhaul. In the following subsections, we discuss the potential solutions for each backhaul assumption.
2.1 Ideal backhaul (or collocation) case

An operator may deploy TDD cells in a frequency band and FDD cells in another frequency band where TDD cell and FDD cell for the joint operation are collocated in a same eNB site or connected via ideal backhaul so that MAC/PHY level cooperation between the TDD cell and FDD cell is possible with negligible delay. Straight forwardly, deployment scenarios 1~4 for carrier aggregation defined in TS 36.300 [2] can be considered for this deployment scenarios as quoted in table 1 below.
Table 1. CA deployment scenarios (F2>F1)
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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· Carrier aggregation

For the scenarios above, carrier aggregation as in Rel-10/11 would be a default approach for the TDD-FDD joint operation since carrier aggregation for TDD-FDD joint operation is already agreed to be introduced. 

As discussed in another contribution [3], support of carrier aggregation (CA) of TDD-FDD cell would be a natural extension of Rel-10 and Rel-11 CA. Since Rel-11 CA already supports aggregation of TDD cells with different UL/DL configuration, TDD-FDD CA can be supported by CA functionalities similar with Rel-11 by regarding FDD carrier as TDD carrier for the definition of DL/UL grant/HARQ timing where further extension would be possible for more efficient usage of FDD carrier resources.
With carrier aggregation approach, it is also possible to support UEs without UL CA capabilities. That is, for example, a UE with DL CA capability but without UL CA capability may aggregate TDD cell as PCell and  FDD cell as SCell with DL carrier only. Similarly, the UE may aggregate FDD cell as PCell and TDD cell as SCell with DL subframes only.

In addition to the carrier aggregation, other potential approaches may be considered, such as, multi-stream approach and dual mode approach [4].
· Multi-stream approach
We consider this approach as a UE connects to TDD cell and FDD cell simultaneously as, for example, PCell, where it is still unclear to which level the PCell functionalities should be copied to both TDD and FDD cells. If we assume at least parallel transmission of PUCCH to both cells should be supported for the multi-stream approach, this approach cannot support UEs without parallel PUCCH transmission capability. Moreover, this approach cannot support UEs without UL CA capability either. Therefore, multi-stream approach doesn’t provide full benefits of TDD-FDD joint operation.
· Dual mode

We consider this approach as UE connects to TDD cell and FDD cell simultaneously and the UE operates as like it is connected to each cell separately at least at RAN perspective. In this case, it is unclear how those two connections cooperate to increase the throughput since it is out of the scope of RAN.
Based on the considerations above, approaches other than carrier aggregation don’t seem to be necessary for the deployment scenario of ideal backhaul between TDD cell and FDD cell.
Suggestion 1: Approaches other than carrier aggregation for TDD-FDD joint operation don’t need to be introduced for the deployment scenario of ideal backhaul or collocated scenario.
2.2 Non-ideal backhaul case

In the deployment scenarios 2a and 2b for small cell enhancement SI, macro cell and small cell in different frequency bands can be connected via non-ideal backhaul [TR36.872, 5] as quoted in figure 1. Since dual connectivity to the macro cell and small cell is already being considered in the study, joint operation between TDD cell and FDD cell in those scenarios, that is, scenarios 2a and 2b, can be also considered. In this case, carrier aggregation cannot be applied since backhaul delay between macro cells and small cells is not small enough due to non-ideal backhaul.
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· Dual connectivity
Since dual connectivity between macro-cell and small cell is being discussed in small cell enhancement SI, dual connectivity between TDD cell and FDD cell in small cell scenarios with non-ideal backhaul can be also considered. However, dual connectivity between TDD-FDD cells would add more issues to the small cell enhancement design in addition to the dual connectivity for FDD-FDD or TDD-TDD. Moreover, it is unclear whether design of carrier aggregation of TDD-FDD cells in case of ideal backhaul should have impact to the dual connectivity of TDD-FDD cells in case of non-ideal backhaul or two approaches should be designed independently in parallel.
Therefore, even though dual connectivity between TDD-FDD cells as in small cell enhancement SI can be a solution for the support of TDD-FDD joint operation in small cell deployments with non-ideal backhaul, it may not be desirable to introduce dual connectivity at early stage.
· Multi stream

We consider this approach as a UE connects to TDD cell and FDD cell simultaneously as, for example, PCell, where it is still unclear to which level the PCell functionalities should be copied to both TDD and FDD cells. Since carrier aggregation would be supported for the ideal backhaul case and dual connectivity can be a potential solution for non-ideal backhaul case in the future, introducing another direction of design for TDD-FDD joint operation seems not desirable.

· Dual mode

We consider this approach as UE connects to TDD cell and FDD cell simultaneously and the UE operates as like it is connected to each cell separately at least at RAN perspective. In this case, it is unclear how those two connections cooperate to increase the throughput since it is out of the scope of RAN.

Based on the considerations above, introducing TDD-FDD joint operation in non-ideal backhaul scenario at early stage may not be desirable considering the time schedule and interaction between work items. However, dual connectivity in small cell enhancement SI can be considered as potential solution for the non-ideal backhaul case in later stage.
Suggestion 2: It should be discussed further whether to support TDD-FDD joint operation in non-ideal backhaul scenario at later stage considering the time schedule and interaction between work items.

3 Summary
In this paper, we discussed solutions to support TDD-FDD joint operation for the deployment scenarios of ideal or non-ideal backhaul between TDD and FDD cells. In conclusion, we suggest the followings.

Suggestion 1: Approaches other than carrier aggregation for TDD-FDD joint operation don’t need to be introduced for the deployment scenario of ideal backhaul or collocated scenario.
Suggestion 2: It should be discussed further whether to support TDD-FDD joint operation in non-ideal backhaul scenario at later stage considering the time schedule and interaction between work items.
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