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1 Introduction

The RAN3 LS [1] describes a scenario where a macro cell and a pico cell share at least one carrier and in which a macro UE (MUE) interferes in the uplink with the pico cell, while not being able to detect this pico cell on the DL. The following questions are addressed to RAN1:
· RAN3 would like to know if RAN1 have considered this scenario and can confirm the relevance of the problem?

· In case this scenario is considered of relevance, RAN3 would like to ask RAN1 if any existing solution has been discussed in RAN1 or can be considered from a RAN1 perspective?
In this contribution we discuss the described scenario and address the two questions above.
2 The UL interference scenario

The scenario described in [1] is illustrated in Figure 1 below, where a macro BS operates on frequency carriers f1 and f3, whilst a neighbour pico BS operates on frequency carriers f1 and f2. The UE transmitting on f1 in the macro cell is interfering to the UL transmissions in the pico cell on the same carrier frequency. The interference may become particularly severe when the UE is at the macro cell edge and the pico cell coverage is relatively small, but at the same time the cell isolation between the two cells is poor, e.g., when both BSs are installed outdoors. The scenario is less typical when a macro UE is indoors and small cells are created by BSs installed indoors, e.g., femto BSs, since such cells are likely to be detectable by the macro and the scenario is thus beyond the scope described in [1]. 
The described scenario may also occur in a single-carrier network.
The interference problem becomes more pronounced in heterogeneous deployments due to a mix of cells of different sizes, where the pathloss difference may be larger than 20 dB at the cell edge, i.e., the cell edge macro UEs may transmit with 20 dB higher power than their neighbours served by pico cells.
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Figure 1. An UL interference scenario when a macro and a pico cells share at least one carrier.
In the described scenario, it is not unlikely that there may be issues related to poor received signal quality for pico UE transmissions due to the large transmit power imbalance between the UL transmissions of cell-edge macro UEs and pico UEs. The interference issue may occur for UL physical signals (e.g., UL reference signals) or UL channels (PUSCH, PUCCH, or PRACH). 
3 Mechanisms addressing the UL interference issue

Previously, UL interference scenarios have been discussed in RAN1 within the eICIC_LTE WI [3], and now also included in the FeICIC WID [4]. Some related proposals have also been discussed within the UL CoMP work [5], e.g., on enhanced power control and DL/UL independent radio link connections (e.g., [6,7]), although these are not yet agreed solutions.
With the existing techniques, the following mechanisms may be useful to address the UL interference problem:
· Reducing the difference in pathloss at the cell edge, e.g., by means of
· Balancing the transmit power of neighbor BSs of different classes
· May be not optimal from the DL performance point of view,

· There may be further restrictions on the transmit power imbalance between CCs in intra-band contiguous or adjacent CA;
· Configuring cell range expansion
· May be not possible to fully compensate the pathloss difference, 
· May be not optimal from the DL performance point of view;
· UL transmit power compensation, e.g., adjusting P0 based on the known DL power difference, cell reselection offset or UL interference estimation, by
· Increasing the transmit power of pico UEs,
· Not power-efficient and may cause higher interference when inter-cell isolation is poor,
· Decreasing the transmit power of macro UEs
· UL macro coverage may suffer in large cells,

· UL macro performance may suffer when the interference at macro BS is uncertain or too high to allow for UL transmit power reduction,

· Certain signals, e.g., SRS, have to be detectable at multiple sites, so reducing their transmit power may reduce the SRS hearability and degrade, e.g., positioning performance;

· Scheduling coordination, e.g., by
· Pico BS detecting high-interference UL transmissions and avoiding scheduling own UL transmissions during the high-interference periods
· May be challenging to determine such periods, e.g., when the interference changes are very dynamic,
· Transmitting on resources orthogonal in time and/or frequency to minimize the interference between macro and pico layers, e.g., for PUSCH or SRS,
· Static resource reservation may be not optimal, whilst dynamic coordination is not always possible, though such solutions become more advanced in Rel-11, e.g., with CoMP.

As one can observe from the above, there are different mechanisms that may be used to improve the UL interference issue, but there is no mechanism which completely solves the problem. Possible solutions to the problem may be, e.g.,
· Ensuring low-interference time and/or frequency resources in UL to enable lower-power transmissions of potential UL aggressor UEs (not for coverage-limited case, though) which may also be combined with enhanced UL control mechanisms,
· Ensuring in a dynamic way that the aggressor UL transmissions are scheduled on orthogonal time and/or frequency resources to those used for UL transmissions in the small cells,

· Increasing the awareness of the victim layer about the resources with potentially high interference.
4 Summary
A high-level overview of the existing mechanisms addressing the UL interference issue described in [1] has been provided, which is proposed as a basis input for the LS response to [1].
A draft LS Response is proposed in [2].
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