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1. Introduction

In the RAN#58 plenary meeting, the work item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved [1].
The current RAN1 WG progress on the eIMTA WI was summarized in the LS on LTE_TDD_eIMTA [2] which was provided for information to other WGs in order to initiate further eIMTA activities. Given this input the RAN4 work on the eIMTA WI is expected to start in RAN4 #68bis.
In accordance to the WID [1] the RAN4 related objectives include:

· [Core part] Specify applicable eNB and UE core requirements;
· [Performance part] Specify eNB and UE performance requirements for enhancements to LTE TDD for DL-UL interference management and traffic adaptation as identified by the core part of this work item.
In this contribution, we share initial views on the aspects of the eIMTA WI that should be addressed by the RAN4 WG.
2. Discussion on RAN4 specification impact
2.1 RRM requirements

The RRM core requirements include RLM, mobility related measurements, and cell acquisition aspects. Certain RRM aspects in fact may be sensitive to the change of UL-DL configuration in the serving and neighbouring cells.
The RAN1 has recently agreed to ensure applicability of conventional RRM/RLM operation framework [2], [3]:

· The following holds for RRM/RLM for a cell in the backward compatible component carrier type:

· For a serving cell, conventional RRM/RLM measurement is applicable to all the subframes indicated as DL subframe or DwPTS of special subframe by SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell). 

· For the neighboring cell

· “same UL/DL allocation in neighboring cells” in NeighCellConfig means that all the subframes indicated as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) of the serving cell can be used for RRM measurements.

Hence, it is guaranteed that DL subframes corresponding to the legacy TDD UL-DL configuration signalling (SIB1 in case of PCell or RadioResourceConfigCommonSCell IE in case of SCell) do not change the respective transmission direction to UL. In this case, UE can still use the subframes indicated as DL or Special subframes in accordance to the legacy signalling for the measurements. Therefore, no difference comparing to the legacy UE behaviour is expected for RLM, cell acquisition and mobility measurements algorithms. 
At the same time, many existing RRM requirements are defined based on the UL-DL configuration 1 assumptions, while in case of eIMTA operation UL-DL configuration 0 can be considered to be also a feasible choice which allows rather good traffic adaptation capabilities. So, the measurement accuracy may suffer in case of UL-DL configuration 0 and the applicability of the existing RRM requirements needs to be further discussed. 
2.2 Performance requirements

The eIMTA WI has impact on the BS and UE performance requirements. Since the RAN1 WG work is still in progress, we share our initial views on the main aspects that may require new performance requirements. In particular, the following eIMTA features need to be taken into account from the performance requirements perspective:
· Dynamic TDD UL-DL reconfiguration. The explicit L1 signalling by UE-group-common (E)PDCCH is planned to be used for TDD UL-DL reconfigurations instead of SIB1 signalling used in legacy systems. The details of the signalling are not finalized yet, but those are likely to require monitoring of UE-specific or common PDCCH search space in order to detect the DCI format carrying reconfiguration signalling. 
· Modified HARQ timing. To support dynamic UL-DL reconfiguration the existing uplink and downlink scheduling and HARQ feedback timing mechanism are modified (at least for Downlink operation). It was agreed that Downlink HARQ timing follows a higher layer RRC configured TDD configuration, while the details of Uplink HARQ timing are not decided yet. So the UE no longer follows the SIB1 configuration to determine the Downlink HARQ timing operation which may need further verification.
The whole HARQ timing framework needs to be taken into account including that both BS and UE follow the (E)PDCCH transmission, PDSCH transmission, and ACK/NACK feedback timing.
· CSI measurements and reporting. To allow more efficient scheduling the CSI measurements in different interference conditions are considered by the RAN1 WG. For instance, it was agreed that in DL, up to two subframe sets can be UE-specifically signalled (per serving cell) to allow separate CSI measurement/report for either two types of subframes, and/or two types of interference seen by a subframe. The functional details of aperiodic CSI report triggering may need to be further verified.
The main impact is expected for the UE performance requirements. However, certain impact at least in terms of HARQ timing is expected on the eNB performance aspects. 
3. eIMTA feasibility aspects
One of the questions which should be also decided is whether any additional co-existence and feasibility analysis is required from the RAN4 WG perspective in a way to enable efficient eIMTA operation. It was shown by studies of RAN1 and RAN4 WGs that major benefits from eIMTA are expected in isolated cells and in case of low or medium system loadings. In our view, the additional discussion and feasibility analysis may be needed with the following scope in mind:

1) eIMTA feasibility criteria

The clear eIMTA feasibility criterion was not defined during the co-existence studies at the SI stage. So, from the network deployment perspective there is no clear guidance or mechanism to define criteria to apply eIMTA techniques. Further RAN4 WG discussion with respect to the definition of eIMTA feasibility criteria may be valuable. 
2) Cell Clustering Interference Mitigation

One of the robust interference mitigation techniques considered in the eIMTA scope is the Cell Clustering Interference Mitigation (CCIM) (interference mitigation scheme #1 [4]). The basic idea is that the cells are divided into cell clusters according to predefined coupling level [4]. A cell cluster can comprise one or more cells. The active transmissions of all cells in each cell cluster shall be either uplink or downlink in any subframe or a subset of all subframes, so that eNB-to-eNB interference and UE-to-UE interference can be mitigated within the cell cluster. Further discussion and analysis on the appropriate metric and respective criteria to apply CCIM may be needed to define condition when only cell-clustering based operation is feasible.
3) Uplink power control
The RAN1 WG studies consider using increased uplink transmit power (i.e. increased power control settings) to resolve the eNB-to-eNB interference problem. Meanwhile, the RAN4 analysis at the SI stage was conducted in the assumption of using typical (i.e. lower) UL transmit power levels. Using higher transmit power levels at the UE side may end up with increased UE-UE interference levels. The UE-UE interference problem was originally shown to be relatively small, however in case of using increased power settings additional co-existence studies may be needed in order to identify potential UE-UE interference problems and provide recommendations on the feasible ULPC settings.

4) Macro to Small cell offloading 

One of the promising eIMTA scenarios is Scenario 4 with multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configurations. One of the techniques to improve the system performance is UE offloading from Macro cells to the adjacent channel Pico cells (e.g. via CRE). The previous RAN4 studies did not assume any UE/traffic offloading in the interference environment analysis and RAN4 can make the respective study and provide recommendations on the level of cell range expansion for Macro-Pico adjacent channel scenario.
5) Receiver based solutions for co-channel eNodeB-eNodeB interference cancellation
One of the solutions that can be potentially utilized by eNodeB is the usage of the enhanced Interference Suppression/Interference Cancellation receivers in order to mitigate the impact from DL-UL interference (i.e. interference mitigation scheme #4 [4]). The RAN4 WG needs to decide if receiver based solutions in terms of DL-UL interference suppression need to be considered. The latter one may be feasible when dynamic range between DL-UL interference and UL signal is not too large, and especially in case of near ideal backhaul or backhaul coordination.
4. Conclusions

In this contribution, we provided our initial views on the eIMTA RAN4 specification impact. According to the RAN1 agreements and discussion above, the main impact will be on RAN4 performance requirements and no or minimal impact on RRM/RLM requirements. In addition, more analysis may be needed to define feasibility criteria, asses UE-UE interference, cell-range expansion in case of adjacent channel deployment and receiver based solutions for DL-UL interference mitigation.
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