
3GPP TSG RAN WG1 Meeting #72

R1-130049
St. Julian’s, Malta, January 28th – February 1st, 2013
Source:
CATT
Title:
Interference mitigation schemes for TDD eIMTA
Agenda Item:
7.3.3.2
Document for:
Discussion/Decision
1 Introduction
Studies on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” (LTE TDD eIMTA) were completed in Rel-11. It was concluded that this feature is beneficial for small cell related TD-LTE deployment scenarios. It is also concluded in the corresponding TR36.828 [1] that interference mitigation schemes are essential to handle the co-existence interference due to different UL-DL configurations applied in different cells, and to further improve the packet throughput. A follow-up Rel-12 work item was then approved in RAN#58 [2], with one of the main objectives to agree on and specify the necessary interference mitigation schemes, 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; 

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.
In this contribution, we discuss interference mitigation schemes for LTE TDD eIMTA and provide analysis on the required specification impacts.
2 Discussion on interference mitigation schemes
In this section, we discuss the interference mitigation schemes which were captured in TR36.828.
2.1 Cell clustering interference mitigation (CCIM)
In CCIM, UL-DL interference is managed by the small cell clusters which are divided based on the coupling loss between small cells. Due to the relatively low coupling loss between small cells within a cluster, a same transmission direction should be used to fully eliminate the UL-DL interference. Different cell clusters can use different transmission directions based on their individual traffic conditions, as shown in Figure 1. The common UL-DL configuration can be determined in a centralized way by a master cell, based on the knowledge of instantaneous traffic condition in the small cells within the cluster, or determined in a distributed way by each small cell with the knowledge of the UL-DL configuration and traffic conditions of other cells. In addition, a faster UL-DL reconfiguration time scale can be utilized for better traffic adaptation performance when ideal backhaul exits within the cell cluster. As a candidate interference mitigation scheme, CCIM can efficiently handle the co-existence interference and improve the packet throughput in a TDD system with UL-DL reconfigurations [4][5][6]. It should be noted that, although CCIM is targeted for BS-BS interference, it is also beneficial to control UE-UE interference, since the interference between UEs associate to different cell clusters is very likely to be minimum.
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Figure 1: Illustration of cell clustering [1]
In a practical deployment scenario, small cell nodes may be switched ON/OFF based on taffic demands, which may significantly change the interference environment. Therefore, the small cell clusters for UL-DL interference management should be formed in a self-organized manner, rather than pre-defined or manually configured. Measurements for large scale channel property or interference level between eNBs should be defined to facilitate forming the cell clusters in a self-organized manner. More specifically, an eNB can measure the coupling loss from/to another eNB based on its DL signals e.g. reference signals, with additional knowledge of its transmission power. With the knowledge of the coupling loss of every two small cells, small cells in the network can be divided into small cell clusters by a coupling loss threshold. To enable the coupling loss measurement for eNBs, reference signal and measurement subframes should be specified, as well as the signaling for measurement reports. Performance requirements for the measurement should also be specified. To facilitate the traffic adaptation within the cluster, some additional information should be exchanged, such as DL/UL traffic load in the cell, etc.
To summarize, following should be discussed and specified to support CCIM:

· Specification supports to enable the required eNB measurements 
· Reference signals for the measurement
· Configurations for the measurements,  e.g. subframes for the measurements
· Performance requirements for the measurements
· Signaling and procedures for measurement reports 
· Specification supports to facilitate traffic adaptation within the cluster
· Exchanging of DL/UL traffic loads in the cell
2.2 Scheduling dependent interference mitigation (SDIM)

With this approach, the eNB adjusts the scheduling strategies e.g. link adaptation, resource allocation, transmit power, transmission direction of a subframe, considering e.g. the DL and UL channel quality, the eNB-to-eNB and UE-to-UE interference, traffic load, etc. The adjustment of scheduling strategies can be based on the variation of the observed interference, the estimation of induced interference, inter-cell interference coordination information exchange, and/or cell load. 
Different from CCIM, SDIM does not mandate a same transmission direction in the small cells, even in the small cells with strong interference between each other. Alternatively, transmission power reduction at eNB side or orthogonal resource allocation can be used to mitigate the strong BS-BS interference when different transmission directions are used in small cells with strong coupling. In order to identify the strong interferer, eNB measurements which are similar as required in CCIM should be supported. Additional eNB measurements in support of SDIM need further study. After such identification, transmit power reduction can be applied in those eNBs causing strong interference, based on the estimation at the interferer cell or feedback from the victim cell, also considering traffic loads in the cells. Due to strong BS-BS interference, the interference variance between fixed UL subframes (e.g. #2,#7) and reconfigurable UL subframes (e.g. #3,#4,#8,#9) can be high. Therefore enhancement on UL power control can also be considered to overcome the interference. It needs further study on how to address the UE-UE interference with SDIM.
Depending on the carrier type, if legacy PDCCH or common reference signals are not transmitted in the reconfigurable subframes, it is also possible to allocate orthogonal frequency resources for different cells with different transmission directions in the same subframe. This can be implemented by extending the current FDM ICIC scheme to enable FDM between DL and UL in different cells.
To summarize, the following should be discussed and specified for SDIM:

· Specification supports to enable the required eNB measurements, similar as in CCIM

· Specification supports to exchange DL/UL traffic loads in the cell, similar as in CCIM
· Specification supports to enable eNB Tx power control
· Specification supports for UL power control enhancements

· Specification supports for FDM ICIC between DL and UL in different cells
2.3 Interference mitigation based on eICIC/FeICIC schemes
For Rel-10/11 eICIC/FeICIC, extensive specification work has been completed to cope with the interference conditions caused in the HetNet deployment, which includes almost blank subframes, restricted RLM/RRM measurements, subframe subsets for CSI reports, etc. Although the causes of these interference conditions are different for HetNet and LTE TDD eIMTA, there is a commonality in the sense that the interference level can be significantly different in different subframes. Therefore reusing some of the current schemes can be considered. More specifically, almost blank subframes can be configured in macro cells on those reconfigurable subframes in small cells, which improves the performance in small cells as well as the overall network performance as shown in [7]. RLM/RRM measurement can be limited in those fixed DL subframes, i.e. subframes #{0,1,5,6}. In LTE TDD eIMTA, as inter-cell interference can be significantly varied among fixed and reconfigurable subframes, or even among different reconfigurable subframes, multiple CSI reports can be beneficial for different subframes or subframe sets, following the principle of subframe subsets for CSI reports in FeICIC and multiple CSI processes in Rel-11 CoMP. Improvements of these schemes targeting the scenarios for LTE TDD eIMTA should be further discussed.
2.4 Interference suppressing interference mitigation
Interference suppressing was also proposed during the study item as a potential interference mitigation scheme. However, as also stated in TR36.828, this is an implementation based solution and highly dependent on the receiver algorithm. The performance of interference suppression targeting for BS-BS interference should be further studied. It should also be clarified on the required signaling supports. 
3 Conclusions

In this contribution, several potential interference mitigation schemes for LTE TDD eIMTA are discussed and the required specification works are identified. According to the analysis, eNB measurements and exchanging on the DL/UL traffic loads are essential for both CCIM and SDIM, which should be specified. Other mechanisms like eNB Tx power control, UL power control enhancements, FDM ICIC between DL and UL can also be considered and specified if benefits are shown. Reusing Rel-10/11 eICIC/FeICIC and Rel-11 CoMP schemes like ABS, restricted RLM/RRM and multiple CSI reports should be considered, with further discussion on possible improvements targeting LTE TDD eIMTA.
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