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1. Introduction

The WID for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation [1] was approved in RAN#58 meeting. In the WID, one objective is to agree the deployment scenarios which is as following

· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

During study item phase, different scenarios was studied by RAN4 and RAN1, which are listed in the below 
· RAN4 feasibility study
· Multiple Femto/Pico
· Multiple Femto/Pico + Adjacent channel Macro
· Multiple Femto/Pico + Co-channel Macro
· Macro of Operator A + Adjacent channel Macro of Operator B
· Co-channel Multiple Macro of same Operator
· RAN1 performance evaluation
· Isolated Pico
· Multiple Pico
· Multiple Pico + Adjacent channel Macro
· Multiple Pico + Co-channel Macro
In the following, we discussed each scenario and give our view on possible scenarios for work item based on the discussions and observations from study item.

2. Discussion on Scenarios
2.1. Isolated Pico
Isolated Pico scenario is evaluated by RAN1, in which scenario there has no interference around. In some sense this is a benchmarking scenario to check how much gains can be get from flexible TDD. The throughput gains observed for both UL and DL and for low to medium traffic load, and faster TDD reconfiguration can get more gains. 

Whether such scenario is valid is based on operator’s needs. The scenario is suitable to enable flexible TDD and shortest time scale for TDD reconfiguration should be used. Interference mitigation scheme is not necessary. Isolated Pico cell could be used for black holes with different carrier frequency as Macro cells.
Observation 1: Whether consider isolated Pico scenario for flexible TDD is mainly based on operator’s needs.

2.2. Multiple Femto
Multiple Femto scenario is studied in RAN4. It observed that UL geometry is decreased and DL geometry is increased when flexible TDD enabled without DL PC, and both DL and UL geometry has no impact when DL PC is enabled. So DL PC makes this scenario suitable to enable flexible TDD and since DL PC is subframe based scheme, shortest time scale for TDD reconfiguration can be used to obtain more flexible gain. 
When Macro cells are deployed in one frequency carrier e.g. 2GHz and Femto cells are deployed in another frequency carrier e.g. 3.5GHz, then this case can be seen as the multiple Femto scenario. So this scenario could be possible to be used by operator.

Observation 2: Multiple Femto scenario is suitable for flexible TDD when DL PC enabled. Shortest time scale for TDD reconfiguration can be used.
2.3. Multiple Pico
Multiple Pico scenario is studied in both RAN4 and RAN1. RAN4 observed that UL geometry is largely decreased and DL geometry is increased when flexible TDD enabled without IM schemes; while when IM schemes enabled, UL geometry will not be impacted and DL geometry can be still better. So this is a feasible scenario. RAN1 observed that there has throughput gain for both DL and UL in low traffic load without IM scheme enabled; and faster TDD reconfiguration can bring more gains. When IM scheme is enabled, UL throughput can be increased further. 
However, IM schemes may limit the time scale for TDD reconfiguration, e.g. when clustering is used, the TDD configuration cannot be switched so dynamically. 
When Macro cells are deployed in one frequency carrier e.g. 2GHz and Pico cells are deployed in another frequency carrier e.g. 3.5GHz, then this case can be seen as the multiple Pico scenario. So this scenario could be possible to be used by operator.

Observation 3: Multiple Pico scenario is suitable for flexible TDD when IM scheme enabled. IM scheme may limit the time scale for TDD reconfiguration.

2.4. Multiple Femto + Adjacent Macro
Multiple Femto with adjacent channel Macro scenario is studied in RAN4. Macro cell did not observe impact for both UL and DL geometry. Femto UL geometry is decreased and when macro is DL subframe UL geometry is even worse. Femto DL geometry is increased and when macro is UL subrame DL geometry is better. When Femto DL PC is enabled, Femto UL geometry is improved to nearly no impact. So this scenario is feasible to apply flexible TDD and since Femto DL PC is subframe based scheme, shortest time scale for TDD reconfiguration can be used to obtain more flexible gain.
Observation 4: Multiple Femto with adjacent channel Macro scenario is suitable for flexible TDD when Femto DL PC enabled. Shortest time scale for TDD reconfiguration can be used.

2.5. Multiple Pico + Adjacent Macro
Multiple Pico with adjacent channel Macro scenario is studied in both RAN4 and RAN1. RAN4 observed that Macro UL geometry is decreased and Macro DL geometry has no impact. Pico UL geometry is significantly decreased and when Macro is DL subframe the impact is more severe. Pico DL geometry is increased but when Macro is DL subframe Pico DL geometry increased less. When IM schemes are utilized, Macro UL geometry can be improved to nearly no impact. Pico UL geometry when Macro is UL can be improved to nearly no impact, but there has still large gap when Macro is DL. Multiple IM schemes are needed to be utilized together to cope with the impact for Pico UL geometry when Macro is DL subframes. If the impact can be eliminated, this scenario is still possible to enable flexible TDD.

RAN1 observed similar DL throughput and decreased UL throughput for Macro cell; and in the meanwhile improved DL throughput and similar/decreased UL throughput for Pico cell depending on traffic load. Performance with IM schemes enabled still need to be confirmed by RAN1 evaluation.

For CA scenario 4, in which macro is in F1 and RRH is in F2, if F1 and F2 are adjacent frequency carrier, then CA scenario 4 can be regarded as multiple Pico with adjacent channel Macro scenario. So this scenario could also be possible to be used by operator.

Observation 5: Multiple Pico with adjacent channel Macro scenario is possible to use flexible TDD when multiple IM schemes are utilized together. IM scheme may limit the time scale for TDD reconfiguration.

2.6. Multiple Femto + Co-channel Macro
Multiple Femto with co-channel Macro scenario is studied in RAN4. It was observed that Macro DL geometry is not impacted but Macro UL geometry is significantly decreased. Femto DL geometry is increased when Macro is UL. Femto UL geometry is significantly decreased. With Femto DL PC enabled, Macro UL geometry can be improved to nearly no impact. However, for Femtro UL geometry when Macro is DL still has a large gap. 
This scenario is a very challenge scenario since even enable Femto DL PC, Femto UL geometry is not good enough when Macro is DL.

Observation 6: Multiple Femto with co-channel Macro scenario is very challenge to use flexible TDD even when Femto DL PC is enabled.
2.7. Multiple Pico + Co-channel Macro
Multiple Pico with co-channel Macro scenario is studied in both RAN4 and RAN1. RAN4 observed that Macro UL geometry is significantly decreased; Macro DL geometry is not impacted. Pico UL geometry is also significantly decreased, and when Macro is DL, Pico UL geometry is even worse. Pico DL geometry is increase largely when Macro is UL. When IM scheme is enabled, Macro UL geometry can be improved to nearly no impact. However, for Pico UL geometry when Macro is DL still has a large gap.
RAN1 observed that Macro DL throughput is not impacted, but Macro UL throughput is significantly decreased. Pico DL throughput is improved but Pico UL throughput is significantly decreased. When IM schemes are utilized, Macro UL throughput can be improved but still reduced compared with fixed TDD UL-DL configuration. Pico UL throughput could be increased or decreased depending on IM schemes.
Observation 7: Multiple Pico with co-channel Macro scenario is very challenge to use flexible TDD even when IM scheme is enabled. More intelligent IM schemes are needed for such scenario to use flexible TDD.
2.8. Multiple Macro from different operator in adjacent channel
The scenario is studied in RAN4 and found that Macro UL geometry is severely impacted. Considering it’s hard to do IM between different operator, and also high traffic load in macro cell limit the flexible TDD gain, so this scenario is not suitable to use flexible TDD.

2.9. Multiple Macro from same operator in the same channel
This scenario is studied in RAN4 and found that to reach an acceptable interference level, eNB need to be separated by 40km or 16000km which is not a realistic scenario. So this scenario is not suitable to use flexible TDD

Observation 8: Multiple Macro scenarios are not suitable to use flexible TDD.
3. Conclusions
In this paper we generally discuss the scenarios that studied in RAN1 and RAN4 in study item based on RAN1 and RAN4 summaries. Our view on whether specific scenario is suitable for flexible TDD is as following
Observation 1: Whether consider isolated Pico scenario for flexible TDD is mainly based on operator’s needs.

Observation 2: Multiple Femto scenario is suitable for flexible TDD when DL PC enabled. Shortest time scale for TDD reconfiguration can be used.

Observation 3: Multiple Pico scenario is suitable for flexible TDD when IM scheme enabled. IM scheme may limit the time scale for TDD reconfiguration.

Observation 4: Multiple Femto with adjacent channel Macro scenario is suitable for flexible TDD when Femto DL PC enabled. Shortest time scale for TDD reconfiguration can be used.

Observation 5: Multiple Pico with adjacent channel Macro scenario is possible to use flexible TDD when multiple IM schemes are utilized together. IM scheme may limit the time scale for TDD reconfiguration.

Observation 6: Multiple Femto with co-channel Macro scenario is very challenge to use flexible TDD even when Femto DL PC is enabled.
Observation 7: Multiple Pico with co-channel Macro scenario is very challenge to use flexible TDD even when IM scheme is enabled. More intelligent IM schemes are needed for such scenario to use flexible TDD.
Observation 8: Multiple Macro scenarios are not suitable to use flexible TDD.
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