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1 Introduction

In RAN#51, TDD interference management and traffic adaptation study item was approved [1]. The objective of this new SI is to study the benefit of dynamic TDD UL/DL reconfiguration for interference management and traffic adaptation. An important feature differentiating TDD from FDD is its support of multiple DL-UL allocation allowing it to adapt to both traffic types and volume.  
In Release 8/9/10, the UL and DL subframes allocation within a frame can be reconfigured through system information broadcast signaling. Hence, the UL-DL allocation once configured is expected to be only semi-static varied. To further facilitate the avoidance of intercell interference, the cells are time synchronized and typically configured with the same configuration within a certain geographical area. This has the benefit of orderly interference management while sacrificing some implementation flexibility. 

In view of this, the new study focuses on evaluating the benefits and system interference impact on introducing dynamic DL-UL allocations in Release 11. The essential aspects of the SID relevant to RAN4 are:

· RAN1 and RAN4 to jointly identified the multi-cell scenarios and the impact of dynamic reconfiguration of UL-DL on the co-channel and adjacent channel interference (coexistence) in the network.

· Details of the scenarios to be selected for consideration in the study will be jointly decided in RAN4 and RAN1 taking coexistence into considerations. These considerations include defining the specific deployment scenarios, the parameters for isolated and multi-cell scenario and heterogeneous deployments.

· RAN4 to evaluate the benefits of dynamic TDD UL-DL reconfigurations compared to the semi-static reconfiguration based on RAN4 evaluations outcome the above considerations

In this contribution, we focus on the scope and scenarios needed to evaluate the benefits and impact on the proposed new functionalities. Similar proposals on the scope and evaluation methodology have also been introduced in [3][4]. 

2 Discussion
Figure 1 shows an example of the current interference scenarios with synchronized and homogeneous UL-DL TDD configurations within a geographical area. The interference scenarios with different UL-DL allocation is adjacent cells are illustrated in Figure 2 where increased interference is expected for the UE to UE and BS to BS links.  

Interference in Figure 1 has been studied extensively in Release 10 for eICIC for co-channel deployments. It should also be noted that in the current Release 8/9/10 deployment scenarios, interference as depicted in Figure 2 is caused by different DL-UL allocations in neighboring cells. Hence, Figure 2 is applicable to either co-channel or adjacent channel interference.  
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Figure 1:  Interference in homogeneous UL-DL allocation 
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Figure 2: Interference for TDD UL/DL Asymmetric
Scenarios: To  ensure a common understanding of  the reference implementation, we note that the current Rel-8/9/10 specifications allow  the following deployment scenarios:

1. Homogeneous UL-DL allocations with same UL-DL configurations within a geographical area. Interference here would be co-channel within the same operator. 
2. Different UL-DL allocations in adjacent cells when adjacent cells are from different operators. Interference here would be co-channel within the same operator or adjacent channel interference from different operators. 
3. Different UL-DL allocations in adjacent cells when one cell is LTE-FDD and the adjacent is LTE-TDD. Interference here would be adjacent interference from different operators.
Currently both co-channel and adjacent channel interference evaluations are part of the scope and objective of the SI, and similarly isolated cell and multiple-cell scenarios. To ensure realistic and typical deployment scenario for which the impact of dynamic TDD UL/DL configuration can be evaluated, the following is proposed:
· A multi-cell scenario deploying homogeneous semi-static UL-DL allocation should be adopted as the reference deployment scenario for performance comparison 

· Uniform and hot spot UE distribution. For example, the UL transmission of cell edge UE will have serious interference on the DL reception of the neighbouring cell edge UE as shown in Figure 1. With uniform UE distribution, the probability of an interfering UE near an affected UE is smaller.

· The study of the single cell scenario allows for isolating the gains from UL-DL ratio adaptation to the traffic condition without the effects of inter-cell interference. Other example of the usefulness of a single cell scenario has been pointed out in [2] in terms of daytime outbound offloading to expand network capacity and night time inbound offloading for energy saving. However, it is unclear at this point why this could not be studied in a multi cell scenario. 

· As per the SI objective, heterogeneous network deployment for multiple-cell scenarios is an important scenario for consideration. These deployments can be of Macro-Pico or Macro-Femto deployments. We propose that the system parameters are reused and adapted from the following:
· System parameters are Section 4 of TR 36.942 serves as the baseline for Macro-Macro homogeneous deployment;
· System parameters for Macro-Pico and Macro-Femto from TR 36.814 and R4-092042 [7]. These parameters have also been adopted in RAN4 for the eICIC restricted measurements simulation evaluations.
Coexistence Analysis: Both co-channel interference and adjacent channel interference will be affected by the dynamic UL-DL interference. Previous analysis in RAN4 on adjacent channel coexistence has been well documented in TR 36.942 [7]. Similar approach for co-channel interference analysis needs to be agreed. 

Using the UE-UE adjacent interference as an example, a deterministic approach would have the following assumptions:

· It is based on worst case assumptions resulting in typically more stringent requirements;

· An interfering UE at the cell edge transmitting at the maximum power is near an affected UE at the cell edge receiving the weakest signal from the serving BS;

· Using acceptable UE Rx desensitization as the evaluation metric;

· Includes into analysis out of band and in band emissions

If the interference is between adjacent operator’s adjacent cells, then the following two inter-system site shifting cases should be considered:

· One operator’s base stations are collocated with the other operator’s base stations

· One operator’s base stations are located at the edge of the other operator’s cell coverage

The output can be based on UE to UE separation or antenna isolation versus the Adjacent Channel Interference Ratio (ACIR), a function of the interfering UE transmitter Adjacent Channel Leakage Ratio (ACLR) and affected UE receiver Adjacent Channel Selectivity (ACS).  In the case of eNB to eNB interference, the same approach can be adopted for adjacent channel interference analysis. 

A simulation based approach provides more elaborate studies into the interference and in some cases resulting in optimistic requirements. However it allows a complete modelling of the eNB and UE operation such as UL power control. For adjacent channel interference, TR 36.942 contains well documented evaluation comparisons such as 
-
Downlink throughput reduction versus ACIR for UE to UE interference, and 

-
Uplink throughput reduction versus ACIR for eNB to eNB interference 

Other candidate metric for evaluation comparisons are:

· Antenna isolation for UE-UE interference

· [x] dB eNB receiver desensitization or [y] dB below the eNB receiver noise floor for eNB to eNB interference.  

Other Simulation Parameters: 

· The benefits of dynamic UL-DL reconfiguration with and without inter node coordination (i.e. over X2 interface) should be considered. For reconfiguration without coordination, autonomous UL-DL reconfiguration is deployed on a per cell basis while the latter requires backhaul coordination between eNBs. Assumptions on the details on the dynamic reconfiguration need to be agreed. Autonomous dynamic reconfiguration without backhaul coordination is the baseline. 
· Backward compatibility to Release 8/9/10 UEs considerations should be ensured. The existing 7 DL-UL allocations in Release 8/9/10 is maintained to ensure backward compatibility. To reduce the study workload, selected TDD configuration such as Config. 0 (heavy UL) and Config. 5 (heavy DL) can be assumed.

3 Conclusion
Based on the discussions above, we propose the following approach for consideration:

· To clearly identify the baseline reference deployment scenario to facilitate performance comparison on any new proposals in Release 11. 

· A multi-cell scenario with both uniform and hotspot UE distributions are assumed. Autonomous dynamic reconfiguration without backhaul coordination is the baseline.
· Both deterministic and simulation approaches can be adopted in RAN4. Deterministic provides unambiguous boundary performance.  

· For BS to BS interference, the preliminary output metric for performance evaluation is proposed to be [7] dB below the eNB receiver noise floor and/or uplink coverage reduction. For UE to UE interference, the preliminary output metric for performance evaluation are antenna isolation and/or downlink coverage reduction.
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