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1. Introduction

This contribution provides conclusions on the LTE-TDD eIMTA study item [1] which are based on the results of our and RAN1 WG evaluations conducted up to this date. The contribution summarizes technical observations and conclusions of the system level analysis presented in contributions [3]-[18].  Furthermore we highlight the main performance benefits that can be expected in LTE-TDD systems, discuss technical challenges of target deployment scenarios, study impact on specification and provide our conclusions for the LTE-TDD eIMTA study item.
2. Performance Benefits

The performance of LTE TDD heterogeneous networks where Macro and low power nodes (LPNs) operate in the same coverage area can be further optimized using adaptive UL-DL reconfiguration. There are two main benefits that can be clearly seen if low power nodes are able to adjust their UL-DL configurations to fit instantaneous traffic conditions. The first major benefit is that the user experience can be substantially improved due to increase of the packet throughput. The second advantage is that UL-DL reconfiguration can be used to reduce network power consumption to some extent. 
2.1. Improvement of User Experience

The dynamic adjustment of UL-DL configuration at low power nodes can substantially improve performance characteristics of users attached to LPNs. The traffic amount as well as its direction in Macro cells and Pico/Femto cells can be completely different at certain time instances. In this case the fully synchronous operation of Macro cells and Pico/Femto cells may be too restrictive from the LPNs performance perspective. For instance, it is often the case that Macro cells use DL favored UL-DL configurations (i.e. the amount of DL resources is larger than the amount of UL resources). However, when LPN users upload a big amount of data to network the dominant transmission direction in Pico/Femto cells is uplink. In this case a large portion of DL frame resources can be wasted and only UL subframes can be used for data transmission. Assuming that LPNs can adaptively change their UL-DL configurations and adjust the required number of DL and UL resources the user experience (measured in terms of packet throughput) can be maximized by utilizing more resources for uplink transmission direction.
Observation 1: The capability of dynamic adjustment of UL-DL configuration in LPNs can be used to improve the users experience measured in terms of either DL or UL packet throughput.

The amount of potential packet throughput gains depends on traffic conditions and system load. Typically there is no gain in case of high system loading especially if both DL and UL transmission directions have large amount of data to transmit. In practical scenarios the significant packet throughput gains from the dynamic adjustment of UL-DL configurations can be achieved at the medium and low system loading [3]-[7].
Observation 2: The noticeable packet throughput gains can be achieved in case of dynamic adjustment of UL-DL configurations at medium or low traffic loadings.

2.2. Energy Saving

The other performance benefit that can be extracted from the dynamic UL-DL reconfigurations is the reduction of the power consumption at the network side. As it was evaluated in [10] the noticeable energy savings can be achieved for the case of low system loading. The energy savings come from the fact that base stations in the absence of DL traffic are able to minimize the number of configured DL subframes (i.e. use UL favored configuration) and thus save energy for transmission of reference signals.
3. Deployment Scenarios and Technical Challenges
Many practical network deployment scenarios may potentially benefit from using dynamic UL-DL reconfiguration and thus a broad set of scenarios has been proposed for evaluation in the framework of LTE-TDD eIMTA SI including but not limited to:

· Co-channel scenarios
· Single operator Macro-Pico deployment;

· Single operator Macro-Femto deployment;

· Adjacent channel scenarios
· Single operator Macro-Pico deployment;

· Single operator Macro-Femto deployment.

The RAN4 WG has identified the main practical challenges in the considered scenarios and conducted corresponding coexistence analysis. As it was already concluded in [13] the DL-UL interference problem is one of the main problems in these scenarios. However if it is appropriately addressed at least scenarios with the adjacent channel are feasible and may be used in practice to enhance LTE-TDD system performance.
The conducted by RAN1 WG performance evaluation was mainly focused on the scenarios with Pico cells. The evaluation has been started from the isolated Pico cell deployment where significant gains from traffic adaptation have been shown [6]. The evaluations were conducted for different adaptation timescales and the following observations were agreed by the RAN1 WG [21]:

Observation 3 [7]:
· The benefits at least include improved packet throughput 

· The benefits may be observed in either DL or UL or both directions, 

· The less number of DL (or UL) subframes in the fixed reference TDD UL-DL configuration, the higher DL (or UL) packet throughput gain (if any) achieved by TDD UL-DL reconfiguration 

· The benefits are mainly observed in low to medium cell traffic load region 

· Faster TDD UL-DL reconfiguration provides larger benefits than slower TDD UL-DL reconfiguration 

· The gain of faster TDD UL-DL reconfiguration over slower TDD UL-DL reconfiguration reduces with the increase of cell traffic load and/or packet size 

As it was shown in further evaluations [3] these general conclusions hold true for multi-cell scenarios. The RAN1 WG evaluations of Pico-Pico deployment scenario have shown that substantial packet throughput gains can be achieved in this scenario if traffic adaptation and/or interference management is applied. Among the main technical challenges it was identified that a large portion of Pico cells have strong coupling on Pico-Pico links. According to the technical analysis presented in [3]-[4] only about ~50% of Pico cells are isolated and the remaining Pico stations can be combined into isolated clusters with relatively small amount of Pico-cells. The corresponding interference management approach [3] may be used to improve the system performance.
The most challenging and the most interesting scenario in terms of dynamic adaptation of UL-DL configuration is Macro-Pico co-channel deployment scenario. The evaluation of this scenario in [11] has shown that Macro and Pico cells are characterized by significant coupling. The DL inter-cell interference from Macro cells prevents uplink transmission in Pico cells. At the same time the DL transmission in Pico cell degrades the uplink reception in Macro cells. In other words the DL-UL interference problem in Macro-Pico co-channel scenario is significant and it is not easy to solve it in practice. 
Observation 4:
· The level of DL-UL interference problem depends on the multi-cell deployment scenario. 
· In co-channel Pico-Pico [13]-[14], [18] or adjacent channel Macro-Pico [13]-[14],[18] deployment scenarios the impact of DL-UL interference mainly exists on Pico-Pico links and can be avoided with the help of isolated cell clustering IMTA method described in [3]. 

· In Macro-Pico co-channel scenario the DL-UL interference problem is more significant due to strong coupling between Macro and Pico stations. However, further study is needed to check whether the performance gains from dynamic UL-DL reconfiguration can be achieved using enhanced interference management and traffic adaptation algorithms.
4. Impact on Specification
The support of dynamic UL-DL configurations at LPNs will require specification changes. The impact on specification was described in our companion contribution [12] and mainly relates to the following aspects:
· Definition of timescale and control signaling method for dynamic UL-DL reconfiguration;
· Modifications of HARQ timing procedures (i.e. definition of HARQ mapping rules in case of dynamic UL-DL configuration change);

· Signaling for DL-UL interference mitigation techniques (e.g. measurements on eNodeB-eNodeB links, UL-DL configuration information exchange);

· UE measurement procedures.
The benefits of dynamic UL-DL reconfigurations come at the cost of specification changes and additional implementation efforts but if implemented the performance of LTE-TDD systems and user experience can be improved substantially.

5. Proposed Study Item Conclusions
Summarizing the discussion above we derive the following conclusions for the LTE-TDD eIMTA SI:
· Traffic adaptation by means of dynamic change of the UL-DL configurations is beneficial in multiple performance aspects:

· Enhanced user experience in terms of packet throughput that can be achieved in either DL, UL or both transmission directions;

· Performance improvement of LTE-TDD heterogeneous networks (provides higher flexibility of LTE-TDD system in terms of traffic adaptation, energy savings).
· The main benefit from the dynamic UL-DL configurations are expected for medium and low system loadings. The performance gains depend on the reference UL-DL configuration and amount of traffic and its transmission directions.
· The RAN1 WG has considered several multi-cell deployment scenarios with dynamic adaptation of UL-DL configuration at low power nodes. The main evaluation focus was on the deployment scenarios with Pico stations including:

· Outdoor Pico cell deployment;

· Macro-Pico deployment scenario where Macro and Pico cells operate in co-channel or adjacent channel;

· The DL-UL interference caused by opposite transmission direction in different cells was identified in each of the considered scenarios and it was shown that it may have negative impact on the UL performance.

· In outdoor Pico deployment scenario the Pico cells have significant coupling on Pico-Pico links however relatively large amount of Pico cells can be considered as isolated. 
· In Macro-Pico co-channel deployment scenario the coupling between Macro and Pico cells is more significant. The DL-UL interference problem in Macro-Pico co-channel deployment scenario is severe and the DL inter-cell interference from Macro and Pico stations significantly degrades the UL performance of Pico and Macro UEs respectively. Further study is needed to check whether enhanced interference management and traffic adaptation algorithms may be used to achieve the performance gains from dynamic UL-DL reconfiguration in this scenario.
· The several methods for DL-UL interference mitigation have been considered. For instance the cell clustering, power control mechanisms, restricted UL-DL adaptation set were considered in [11].
· The support of dynamic UL-DL configurations at LPNs will require LTE specification changes that mainly relate to the definition of adaptation time scale, control signaling, HARQ timing and interference mitigation methods.
In summary, we would like to note that dynamic adaptation of UL-DL configurations at LPNs is beneficial for LTE-TDD systems and can be recommended for practical implementation.
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