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1 Introduction

In the RAN#60 meeting, a new WI [1] for TDD-FDD joint operation was approved. The first phase of the WI is to produce a technical report with the following objectives [1] :   

· 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.
This contribution firstly discusses the deployment scenarios of joint operation on FDD and TDD spectrum, and then provides our views on the requirements to support joint FDD/TDD operation. Potential solutions of TDD-FDD joint operation are presented in a companion contribution [2].
2 Discussion on deployment scenarios
The main motivation of TDD-FDD joint operation is to fully utilize TDD and FDD spectrum resources to improve system performance and user experience. This section firstly discusses the possible deployment scenarios where TDD-FDD joint operation is possible, and then provides our views on the beneficial deployment scenarios for TDD-FDD joint operation.
2.1 Co-located deployment scenarios 
Carrier aggregation (CA) is a good choice to utilize spectrum resources to increase the peak date rate and throughput.  Thus, as described in the WID [1], TDD-FDD carrier aggregation will be used as one of the solutions of LTE TDD-FDD joint operation. Among CA deployment scenarios in Rel-10/11 [3], scenarios 1, 2 and 3 are co-located. It can be expected that applying TDD-FDD joint operation to these deployment scenarios is beneficial. When TDD-FDD joint operation is applied to these scenarios, either F1 or F2 can be TDD. An example of co-located deployment scenario for TDD-FDD joint operation based on CA deployment scenario 2 is shown in figure 1, where F1 is FDD and F2 is TDD, F1 cell and F2 cell are co-located and overlaid, but F2 has smaller coverage due to larger path loss at higher frequency. It is expected that TDD-FDD carrier aggregation is possible for UEs within the coverage of F2 cell and F1 cell can be the primary cell. 
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Figure 1. An example of co-located deployment for TDD-FDD joint operation
2.2 Non-co-located deployment scenarios 
CA deployment scenario 4 is a non-co-located scenario. As CA deployment scenarios 1, 2 and 3, it is also a beneficial deployment scenario of TDD-FDD joint operation.  
In addition, the SI for small cell enhancements is under discussion in Rel-12. Small cells using lower power nodes are considered promising to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios [4]. Thus, if TDD-FDD joint operation can be applied to small cell scenarios, it can further help improve system performance and user experience by fully utilizing TDD and FDD spectrum resources. The small cell deployment scenarios for evaluation given in [5]

 REF _Ref330971837 \r \h 
[6], including scenario 1, 2a, 2b and 3, can be considered as the representatives of small cell deployment scenarios. Among these deployment scenarios, scenario 2a and 2b can be considered as the most promising ones for TDD-FDD joint operation. For example, for operators those have deployed FDD for macro coverage in low-frequency band, deploying TDD in small cells for capacity in high-frequency band with applying TDD-FDD joint operation, if possible, in this heterogeneous scenario would be a cost-efficient way to make full use of spectrum resources.    
In small cell deployment scenario 2a and 2b, when the backhaul between the macro cell and a cluster of small cells is ideal, these two scenarios are similar as CA deployment scenario 4, and TDD-FDD carrier aggregation is possible. If the backhaul between the macro cell and a cluster of small cells is non-ideal, multi-stream aggregation and enhanced dual-mode operation are potential solutions for TDD-FDD joint operation in this case, as explained in [2]. When TDD-FDD joint operation is applied to the small cell deployment scenarios 2a and 2b, either the macro cell or the small cells can be TDD. Examples of non-co-located scenarios for TDD-FDD joint operation based on small cell scenario 2a are shown in figure 2, where macro FDD cell and Pico TDD cell are deployed on separate frequencies and the small cells are deployed in the presence of an overlaid macro network, and the backhaul between macro cell and small cells is ideal or non-ideal. It is expected that TDD-FDD joint operation is possible for UEs within the coverage of small cells. 
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Figure 2. Examples of non-co-located deployments for TDD-FDD joint operation
2.3 Summary of deployment scenarios
Based on the discussion in section 2.1 and 2.2, we can get the following conclusions:

· CA deployment scenarios 1, 2, 3 and 4 should be target deployment scenarios of TDD-FDD joint operation, where TDD-FDD carrier aggregation is possible. 
· Small cell scenarios 2a and 2b should be target deployment scenarios of TDD-FDD joint operation. If the backhaul is ideal, TDD-FDD carrier aggregation is possible. If the backhaul is non-ideal, multi-stream aggregation and enhanced dual-mode operation are potential solutions for TDD-FDD joint operation [2].
In addition, as described in [2], enhanced dual-mode operation can also be beneficial in the scenarios where TDD-FDD carrier aggregation is possible. 
Proposal 1: TDD-FDD joint operation should target the deployments scenarios below:

· CA deployment scenarios 1, 2, 3, and 4.
· Small cell scenarios 2a and 2b with both ideal and non-ideal backhaul.
3 Discussion on requirements

This section discusses network/UE requirement to support joint FDD/TDD operation based on the deployment scenarios identified in section 2. 
3.1 Prerequisite of TDD-FDD joint operation 
According to the WID [1], the following prerequisites should be satisfied if TDD-FDD carrier aggregation is introduced:
· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers. 
· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network.
· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network.
Based on the discussion in section 2, we can see that other potential TDD-FDD joint operation solutions like multi-stream aggregation and enhanced dual-mode are also needed. In order to match the development process of UEs and network, the following prerequisites similar as the first three ones for TDD-FDD carrier aggregation should be satisfied for TDD-FDD joint operation:   

· 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 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 the TDD carrier, which is part of the jointly operated FDD/TDD network.
3.2 Terminal requirements 
Based on the discussion in section 2, we can see that TDD-FDD joint operation should target several deployment scenarios. The requirement of UE’s capability may be different for different deployment scenarios, according to the solution(s) applicable in each scenario. The possible candidate capabilities are as below:

· Type 1:  Single-uplink transmission and single-downlink reception in one subframe;
· Type 2:  Single-uplink transmission and multi-downlink reception in one subframe;
· Type 3:  Multi-uplink transmission and multi-downlink reception in one subframe;
If TDD-FDD carrier aggregation is used in the CA deployment scenarios and in the small cell deployment scenarios 2a and 2b with ideal backhaul between macro cell and a cluster of small cells, the UE should have CA capability, which means that Type 2 and/or Type 3 are required. UEs of Type 3 have CA capability in both DL and UL, while UEs of Type 2 only have CA capability in DL. The question is whether TDD-FDD carrier aggregation should target UEs of Type 2. In our understanding, UEs of Type 2 would still exist and it is worth supporting this kind of UE for TDD-FDD carrier aggregation.      
If multi-stream aggregation is used in the small cell deployment scenarios 2a and 2b with non-ideal backhaul between macro cell and a cluster of small cells, as described in [7], UEs of Type 3 would need less standard effort in RAN1, but UEs of Type 1 and Type 2 are also worth considering. 
For all the deployment scenarios of TDD-FDD joint operation, if enhanced dual-mode operation is used, the UEs of Type 1 should also be targeted. As described in [2], enhanced dual-mode operation can improve the system performance and user experience compared to a conventional dual-mode UE, without requiring much additional RF and baseband processing capabilities.          
The brief summary of UE requirements to support TDD-FDD joint operation is shown in Table 1. 
Table 1: Summary of UE requirements.   
	
	Scenarios
	UE requirements

	Ideal backhaul
	· CA deployment scenarios 1, 2, 3, and 4.

· Small cell deployment scenarios 2a and 2b.


	Should target UEs as below:

· Single-uplink transmission and multi-downlink reception in one subframe
· Multi-uplink transmission and multi-downlink reception in one subframe
· Single-uplink transmission and single-downlink reception in one subframe
TDD-FDD carrier aggregation and enhanced dual-mode operation can be used. UEs with single-uplink transmission and single-downlink reception capability in one subframe are targeted for enhanced dual-mode operation.

	Non-ideal backhaul
	· Small cell deployment scenarios 2a and 2b.


	Should target UEs as below:

· Single-uplink transmission and multi-downlink reception in one subframe
· Multi-uplink transmission and multi-downlink reception in one subframe
· Single-uplink transmission and single-downlink reception in one subframe
Multi-stream aggregation (MSA) and enhanced dual-mode operation can be used. UEs with single-uplink transmission and single-downlink reception capability in one subframe are targeted for enhanced dual-mode operation. 


Proposal 2: TDD-FDD carrier aggregation should target UEs as below:

· Single-uplink transmission and multi-downlink reception in one subframe.
· Multi-uplink transmission and multi-downlink reception in one subframe.
Proposal 3: Multi-stream aggregation for TDD-FDD joint operation should target UEs of all different capabilities. 
· Single-uplink transmission and single-downlink reception in one subframe.
· Single-uplink transmission and multi-downlink reception in one subframe.
· Multi-uplink transmission and multi-downlink reception in one subframe.
Proposal 4: Enhanced dual-mode operation for TDD-FDD joint operation should target UEs with single-uplink transmission and single-downlink reception capability in one subframe. 

4 Conclusion

In this contribution, we provide our views on the deployment scenarios of joint operation on FDD and TDD spectrum and the requirements to support joint FDD/TDD operation. Based on the discussion in section 2 and 3, we have the following proposals:
Proposal 1: TDD-FDD joint operation should target the deployments scenarios below:

· CA deployment scenarios 1, 2, 3, and 4.
· Small cell scenarios 2a and 2b with both ideal and non-ideal backhaul.
Proposal 2: TDD-FDD carrier aggregation should target UEs as below:

· Single-uplink transmission and multi-downlink reception in one subframe.
· Multi-uplink transmission and multi-downlink reception in one subframe.

Proposal 3: Multi-stream aggregation for TDD-FDD joint operation should target UEs of all different capabilities. 
· Single-uplink transmission and single-downlink reception in one subframe.
· Single-uplink transmission and multi-downlink reception in one subframe.
· Multi-uplink transmission and multi-downlink reception in one subframe.

Proposal 4: Enhanced dual-mode operation for TDD-FDD joint operation should target UEs with single-uplink transmission and single-downlink reception capability in one subframe. 

References
[1] RP-130888, “LTE TDD-FDD Joint operation”, Nokia Corporation, Nokia Siemens Networks, Oranjestad, Aruba, June 11-14, 2013.
[2] R1-132886, “Potential solutions of TDD-FDD joint operation”, Huawei, HiSilicon, Barcelona, Spain, August 19-23, 2013.
[3] 3GPP TS 36.300 v11.6.0.
[4] 3GPP TS 36.932 v12.1.0.

[5] R1-132812, 3GPP TR 36.872.
[6] 3GPP TR 36.842 v0.2.0.
[7] R1-132894, “Physical layer support of upper layer aspects of small cell enhancements”, Huawei, HiSilicon, Barcelona, Spain, August 19-23, 2013.











































































_1435501646.vsd
FDD Macro



_1435583433.vsd
FDD Macro



_1435501158.vsd
F1: FDD



