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1. Introduction

An LTE Rel-11 TDD study was conducted to investigate the feasibility of traffic adaptation through dynamic UL/DL reconfigurations [1]. It was observed in [1] that meaningful gains in packet throughput and energy efficiency are possible for low load scenarios and for heterogeneous deployments dominated by low power nodes (femto and pico eNBs). It was also observed that these throughput gains are largely achievable by using interference mitigation schemes to handle coexistence issues between neighboring cells with different UL/DL configurations.  Subsequently, a Rel-12 work item was agreed with the following objectives in the context of interference mitigation [2]:
· 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.
A preliminary discussion on interference mitigation schemes was held at RAN1 #72. In this contribution we provide a comparative study of these interference mitigation schemes from the perspectives of feasibility and required specification.
2. Comparison of interference mitigation schemes
LTE TDD systems can be configured with one of 7 UL/DL configurations with different ratios of UL and DL subframes. Autonomous (re)configuration of the TDD UL/DL configuration introduces severe coexistence issues when neighboring cells have different transmission directions in a TTI. However, interference due to conflicting transmission directions only occurs in 5 subframes of a radio frame since subframes (0, 5), (2), (1, 5) are fixed as DL, UL and special subframes respectively. Thus, enhanced interference mitigation is only required for subframes where neighboring cells transmit in different directions (flexible subframes) [1].
To compare proposed interference mitigation schemes we first denote DL-UL interference as the DL interference from an eNB in one cell to the UL transmission of a different cell, and UL-DL interference as the UL interference from one cell to the DL transmission of a different cell. The severity of each interference type depends on the relative transmit powers and on the proximity of eNB and UEs. For a femto cell the maximum transmit power for UE and eNB is comparable (23dBm vs. 24dBm) and a similar level of interference may be experienced in either direction. In contrast, for higher power eNBs (DL power >= 30 dBm) DL-UL interference is more severe. This has some bearing on the interference mitigation schemes that may be supported.
2.1. Cell clustering

In this scheme, cells are grouped into a cluster based on e.g. the coupling loss between eNBs controlling these cells. The coupling loss between any pair of cells in a cluster is less than a pre-determined coupling loss threshold. All cells in a given cluster transmit in the same direction in any given TTI. As such, inter-cell UL-DL or DL-UL interference is limited to inter-cluster and can be moderated by the spatial isolation and/or distance between clusters. To enable cluster formation it was mentioned in several contributions (e.g. [3]) that eNB-eNB measurements are required including a reference signal for eNB-eNB measurement, the associated measurement subframes and performance requirements, and signaling of measurement reports. 

Fortunately, many of these requirements can be supported by existing LTE specifications.
· A Home eNB with a DL receiver can perform intra-frequency RSRP measurements to set its own DL transmit power (Sec. 6.2 of [4]). 
· CRS transmission from neighboring cells is sufficient for eNB measurement in fixed and flexible subframes.
· The DL RSRP can be measured at least in subframes 0 and 5 (fixed DL) and also in the DwPTS of subframes 1 and 6.

· Note that such measurements can already be used in to implement SON features such as autonomous selection of a cell ID.

· The Home eNB can also measure DL interference, Ioh, as described in [4].
· For an eNB with a DL receiver, it is not necessary to specify performance requirements on top of existing UE requirements. For example, it is already specified that a UE can measure up to 8 intra-frequency cells in connected mode and an eNB DL receiver can apply some of these existing requirements, without the need for specification.
· UE-assistance: it should be possible for the network to use UE measurement reports in conjunction with positioning information for cell clustering.
A network entity, which could be one of the eNBs in the cluster, is required to determine cluster formation (based on reported RSRP and knowledge of eNB transmit power) and coordination of the UL/DL configuration. As such, there is a need for signaling of measurement reports and periodic reporting of traffic patterns in each cell to support fast reconfiguration of the TDD UL/DL configuration. These tasks do not necessarily require an exchange of parameters between eNBs but rather existing S1 signaling may suffice and the network, through OAM, can configure eNBs to operate in a cluster. 

Observation: cell clustering is primarily a network implementation issue and no RAN1 specification is required.
2.2. Scheduling dependent interference mitigation
Scheduling dependent interference mitigation involves adjusting scheduling mechanisms including link adaptation, resource allocation and UL/DL configuration in response to UL-DL or DL-UL interference. This scheme can be generalized to include several related techniques including DL and UL power control, time-domain and frequency-domain inter-cell interference coordination techniques such as blank/almost blank subframes. 
The eICIC concept of time-based resource restricted DL measurements can be extended to DL-UL and UL-DL interference mitigation. Significant variations in interference between fixed direction and flexible direction subframes suggests the need for at least two subframe sets for RRM/CSI measurements at the UE. Similarly, at the eNB side, measurement of the received interference power could also be differentiated according to fixed and flexible UL subframes. However, interference mitigation is limited by the accuracy of interference measurements, wherein the accuracy may also depend on the dynamic nature of the interference produced by the reconfiguration time scale.
Regarding power control it is possible to mitigate interference through appropriate selection of two sets of DL and UL power control parameters for fixed and flexible subframes [5]. The performance of DL power control needs further investigation because reducing DL power control also affects cell coverage and must be coordinated with other schemes such as cell range expansion. In contrast, UL power control targets full/fractional path loss compensation. Therefore, significant UL power reduction in flexible subframes increases the probability of HARQ re-transmissions.
Another aspect to consider is backward compatibility when a cell performing adaptive UL/DL reconfiguration also serves legacy UEs. If an UL subframe according to the SIB1 UL/DL configuration is adaptively reconfigured as DL, UL-DL interference can be avoided by careful RRC configuration and scheduling to prevent legacy UEs from transmitting in SIB1-configured UL subframes. A simple solution is to initialize the system with an UL-heavy UL/DL configuration such as #0 in SIB1. Thereafter, DL subframes can be adaptively configured based on traffic patterns as mentioned in [6]. This scheme may work well when the network is dominated with legacy UEs but its performance degrades as Rel-12 UEs become more prevalent. 
Observations
· The eICIC concept of resource restricted measurements can be applied for interference mitigation.

· Further study is needed to evaluate the performance gain of power control and other scheduling dependent interference mitigation schemes taking into account non-ideal interference estimation.
2.3. Interference suppression receivers
It was shown in [7] that advanced IRC receivers at both eNB and UE can give significant performance gain for adaptive UL/DL reconfiguration. The results in [7] were under ideal channel and interference estimation assumptions. As such, the gain of this scheme may be limited by the channel and interference estimation in flexible subframes. On the other hand a strong merit of this scheme is that specification impact may be limited to setting performance requirements for advanced receivers. 
Observation: IRC receivers should be considered for interference mitigation for adaptive TDD configuration. 

3. Conclusion

In this contribution we have compared several proposed interference mitigation schemes. Our views are
· Cell clustering is a feasible interference mitigation scheme and is primarily a network implementation issue with very little RAN1 specification impact.

· The eICIC concept of resource restricted measurements can be applied for interference mitigation.

· Further study is needed to evaluate the performance gain of power control and other scheduling dependent interference mitigation schemes taking into account non-ideal interference estimation.

· IRC receivers should be considered for interference mitigation for adaptive TDD configuration.
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