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1 Introduction
In RAN1#72bis, interference mitigation schemes for TDD eIMTA were discussed with the following agreements:
· Backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA
· Working assumption that New backhaul signaling capturing eNB-to-eNB interference is to be introduced 

· To be confirmed if gains are shown by evaluations in following meeting(s)
· FFS on the detailed contents of the information on eNB-to-eNB interference
· Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to:
· impose mandatory behaviour in the receiving eNB 

· impose new requirements on the accuracy of eNB measurements (unless shown to be beneficial)
· impose new architecture for LTE 

Note that this does not preclude consideration in RAN1 of any feedback from RAN4.
The motivation of introducing new backhaul signaling to indicate eNB-to-eNB interference is to enable the coordinated scheduling methods for interference mitigation in TDD eIMTA, e.g. cell clustering interference mitigation (CCIM), as well as scheduling dependant interference mitigation (SDIM). In this contribution, two scheduling dependant interference mitigation schemes are discussed, i.e. downlink power control and orthogonal resource allocation for DL and UL.
2 Discussion
2.1 Downlink power control
In [1]-[5], downlink power control was proposed as an interference mitigation scheme for TDD eIMTA. The principle is that when different UL-DL configurations are applied in neighbor cells, the aggressor eNB reduces its DL transmission power in flexible subframes to protect the uplink transmissions in the victim cell. The power adjustment in flexible subframe can be purely implementation based if neither CRS nor CSI-RS are transmitted in those subframes. Otherwise, additional spec impact is required. Further, whether CRS/CSI-RS shall be transmitted in flexible subframes depends on the supported transmission modes in TDD eIMTA[6] as well as the subframe dependant CSI measurements[7].
As studied in [8], in a multiple pico cells deployment scenario enabled with TDD eIMTA, the UL SINR in flexible subframes is degraded dramatically due to the strong eNB-to-eNB interference. This is especially noticeable for those cells having strongly coupled neighbor cells. Figures 1 and 2 show the SINR distribution for UL subframes collected from a cell strongly coupled with neighbors and from all the cells, respectively, where FTP traffic model is assumed and interference mitigation schemes are not applied. Due to the eNB-to-eNB interference, a large portion of flexible subframes (i.e. over 40% on average and 60% in strong coupled cells) suffers from UL SINR lower than -20dB or even -30dB, thus practically not usable for uplink transmissions. In order to protect these victim subframes, the Tx power in the flexible subframe from aggressor eNBs should reduce over 20 to 30dB accordingly, which also reduces the downlink performance in the cell. Studies in [2] show no meaningful gain in both DL and UL performance is provided by downlink power control compared to the case without interference mitigation in multiple pico cells scenario, which confirmed the above analysis. However, in the scenarios where the eNB-to-eNB interference is not so severe (e.g. macro and small cells in adjacent channel), downlink power control can be considered as a tool to control the inter layer eNB-to-eNB interference between macro and pico cells [3][4], in complementary to the CCIM applied in the pico cell layer. Therefore further studies and evaluations on DL power control should focus on the macro and pico adjacent channel scenario, with non-ideal backhaul assumptions.
Proposal 1:

Further study on the performance of DL power control to mitigate the inter layer eNB-to-eNB interference between macro and small cells in adjacent channel deployments and under non-ideal backhaul assumptions.
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Figure 1: SINR of UL subframes in a cell strongly coupled with the neighbors (without IM)
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Figure 2: SINR of UL subframes in all cells (without IM)

When ideal backhaul exists, the adjustment of Tx power in aggressor cells does not require information exchange between eNBs. However, under non-ideal backhaul, information exchange is needed for the aggressor cells to determine the amount of power reduction in flexible subframes. With the interference knowledge informed from the victim cells through X2 interface, the aggressor eNB can estimate the proper Tx power level with which the UL transmissions in the victim cells can be protected. Knowledge of traffic/buffer status in the victim cells can also be beneficial for downlink power control so that the aggressor eNB only needs to reduce the Tx power when there is UL traffic in the victim cells. This would avoid unnecessary power reductions, and therefore improve the downlink performance. The same backhaul signaling as required by CCIM as proposed in [9] can be beneficial to support efficient downlink power control.
Observation 1:

Same backhaul signaling as required by CCIM can be beneficial to support efficient downlink power control in TDD eIMTA, i.e. new backhaul signaling on 
· eNB measured RSRP for each of the surrounding cells
· information reflecting DL and UL traffic/buffer status in the cell

2.2 Orthogonal resource allocation for DL and UL
In [1],[10], an FDM-like interference mitigation scheme (FDIM) was proposed to control the interference between downlink and uplink in neighbor cells. In this scheme, downlink and uplink transmissions in neighbor cells are allocated in different frequency RBs so that the interference between each other can be avoided. The scheme is a type of coordinated interference avoidance and somewhat similar to CCIM which avoids the downlink and uplink interference in another dimension, i.e. by allocating them in a TDM manner. It is also noted that FDIM is feasible only when no CRS or CSI-RS is transmitted in flexible subframes. 
In FDIM, A method to determine the frequency resource partitioning between downlink and uplink transmissions between strong coupled cells is required in this scheme. In [10], a simple scheme was proposed assuming that this determination is performed in each cell without information exchange, i.e. when a cell is identified as non-isolated measured itself, half of the frequency resource is reserved for downlink and the other half is for uplink. Figure 3 illustrates this resource allocation mechanism assuming two strong coupled cells. In this example, when half of the frequency resource in each of the flexible subframes is statically reserved for downlink or uplink, the total amount of downlink or uplink resources allocated to either cell A or B is the same as if a fixed configuration #1 is used in each cell. Therefore, the performance of this FDIM scheme is similar to that of case 2 evaluated in [7], which shows inferior performance compared to other schemes which requires coordinated scheduling as evaluated in [7]. Further studies on the performance of FDIM with dynamic frequency resource splitting between downlink and uplink according to the instantaneous traffic/buffer status in the neighbor cells are required. The study should also consider non-ideal backhaul case.
Observation 2:

In FDIM, static resource splitting in flexible subframes between downlink and uplink does not provide throughput gain. Further studies are required on the performance with dynamic frequency resource splitting between downlink and uplink according to the instantaneous traffic/buffer status in the neighbor cells.
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Figure 3: illustration of resource reservation in FDIM

In case of non-ideal backhaul, to support the coordinated interference avoidance for FDIM, the same backhaul signaling as required by CCIM and downlink power control can be beneficial for FDIM. The knowledge of eNB measured RSRP for each of the surrounding cells can be used to determine the cells among which resource coordination is needed. The information reflecting DL and UL traffic/buffer status in the cell can be used to dynamically determine the resource splitting between downlink and uplink in flexible subframes among the coordinated cells.
Observation 3:

Same backhaul signaling as required for CCIM can be beneficial to support FDIM in TDD eIMTA, i.e. new backhaul signaling on
· eNB measured RSRP for each of the surrounding cells
· information reflecting DL and UL traffic/buffer status in the cell
3 Conclusions
In this contribution, two interference mitigation schemes for TDD eIMTA i.e. downlink power control and FDIM are discussed. It is proposed to have further studies on the performance benefits with non-ideal backhaul assumptions for these two IM schemes. At the same time, it is noted that the same backhaul signaling as required by CCIM can be beneficial to facilitate these two IM schemes.
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