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1. Introduction

In the RAN1 #70 meeting, RAN1 received a LS [1] from RAN3 related to the uplink interference scenario for carrier-based ICIC, where a macro UE may severely interferes uplink quality of pico eNB nearby. In this document, we discuss candidate solutions RAN3 has identified for the scenario and assess pros/cons and synchronization requirement between macro eNB and pico eNB as well.  

2. Discussion 
Figure 1 shows an exemplary UL interference scenario in CB-ICIC RAN3 has identified in TR03.024[2] where MUE is located in the vicinity of pico eNB while being served by macro eNB, however, the MUE is not aware of existence of pico eNB and interferes uplink of pico eNB. In the following, we discuss on candidate solutions to indentify the specific MUE in the LS[1]. 
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Figure 1: UL interference scenario in macro-pico environment, Macro Cell overlapping Pico Cell coverage [2].
Solution 1a (OI from Pico to Macro + historical scheduling information in Macro)
Identification based on UL Interference Overload Indication (OI) from Pico to macro and historical scheduling decisions in macro.  This means exploiting existing signalling over X2AP, where the interfered Pico indicates the interference overload per PRB. By including additional time information of the interference overload from Pico to macro, the macro can identify the right MUEs causing the uplink interference.[2]
This solution requires subframe level synchronization between macro eNB and pico eNB. This also assumes OI generation per subframe as well. In addition, the eNB has to measure received interference level, which might have impact on eNB measurement specification which is under RAN1 responsibility. 
Solution 1c: MUE sending a random access preamble to be detected by the non-serving Pico
The scenario addressed by this solution is the macro-Pico UL interference scenario, and the objective, in the context of carrier based interference management, is that the interfering MUE should be moved to a different carrier, but the interfering MUE cannot be identified because of the Pico cell DL/UL coverage imbalance. 

To identify the interfering MUE, it is proposed that the Macro eNB selects some MUEs to perform the non-contention based Random Access procedure using PRACH resources and preambles known to the Macro eNB and the Pico eNB beforehand. The Pico eNB detects the preamble transmissions and forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. The Macro eNB is able to identify MUEs using the received information based on associations established beforehand, and the Macro eNB is able to identify the interfering MUE (s) based on the received signal strength information provided by the Pico eNB.[2]
This solution proposes several UEs to transmit RACH preamble to detect the interfering MUE, which causes some level of resource waste. When a UE transmits RACH preamble, it ramps up the transmission power and it may transmit RACH preamble and stops transmission upon receiving RAR. In this scenario, however, the RAR comes from macro eNB even though the pico eNB detects RACH preambles of the UE, while details of procedure is not clear in the TR[], then this solution rather increases uplink interference due to lack of power control of RACH preamble. 

It also requires eNB to measure received signal strength of RACH preamble to confirm the MUE, which might have impact on eNB measurement specification. 
On the other hand, this solution has some benefit over the other solutions below when the macro eNB and pico eNB are loosely synchronized. 
Solution 1d: Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB
The purpose of this solution is to identify the source of interference in cases of Macro-Pico UL interference scenarios where an interfering MUE cannot identify the interfered Pico eNB. The method for identification of the interfering MUE is based on uplink channel sounding (Sounding Reference Signals - SRS). 

In this solution the Pico eNB detects high uplink interference for UEs on a specific carrier, and deduces that the induced interference is from UE(s) served by neighbour macro eNB(s). It therefore indicates uplink interference overload using the Load Information message over X2 to the neighbour macro eNB. 

As the macro eNB may not have any indications about which of its served UEs is inducing interference to the Pico base station, the macro eNB configures channel sounding for one or several served UEs. The selection of the MUEs for which such procedure will be applied is restricted to the UE(s) potentially generating interference to the Pico eNB. As an example, selection of potentially interfering UEs may be based on one of the following factors: 

1)
Based on the geometry of MUEs that detected the Pico cell in the past, MUEs in proximity of the Pico cell can be identified;

2)
Comparing the neighbour cells reported by the Pico eNB in the X2 setup messages with the cells reported by MUEs and using this information, together with the MUE geometry; 

3)
Comparing the neighbour cells reported by MUEs when they can detect the Pico cell with the neighbour cells reported by potentially interfering MUEs, together with the MUE geometry. 

The macro base station signals the channel sounding configurations of the potentially interfering UEs to the Pico eNB so that it can initiate the detection mechanisms. The UEs perform the channel sounding transmission, and by monitoring the SRS, the Pico eNB detects the MUE(s). 

Once the Pico eNB detects the MUE and detects information relative to the channel sounding configuration of such UE, it signals such information to the macro base station, which then is able to identify the interfering UE and to take appropriate measures such as move the UE on different radio resources.[2]
This solution proposes to use SRS to identify the MUE and it has some level of merits for the pico eNB to detect the MUE because it provides consecutive SRS transmission using periodic SRS of the UEs. However, this solution requires tight synchronization between macro eNB and pico eNB, i.e. within CP. In addition, to enable selected UEs SRS transmission, macro eNB should assign separate SRS resource for this purpose. 
This solution also requires eNB to measure received SRS strength to identify the MUE. 
Solution 1e: Uplink MUE DMRS sounding detected by non-serving Pico eNB
The Macro eNB, in order to be assisted in identifying which of its served MUEs are inducing interference to the Pico node, signals to the Pico the uplink radio resources allocated to potentially interfering MUEs (in terms of TTI, allocated PRBs, DMRS configuration and possibly other FFS parameters like MUE’s Timing Advance etc). Once the Pico eNB detects the MUEs uplink signal, it signals the relevant information (TTI, allocated PRBs, DMRS configuration and interference level) back to the Macro eNB, which is then able to identify the interfering MUEs and take appropriate counter-measures for interference mitigation. As in the SRS based method, the selection at the Macro eNB of the MUEs potentially interfering the Pico eNB may be based on the neighbour cells reported by the MUEs. The overall mechanism is transparent to UEs.

This solution assumes that potential interfering MUE is transmitting PUSCH with DMRS and does not require separate assignment of resource for this purpose as solution 1d. However, DMRS is always transmitted with PUSCH and it is hard to transmit with periodicity therefore, it is not that easy for the pico eNB to detect the MUE. Hence, to enable this solution, scheduling information should also be carried to the pico eNB, which causes scheduling overheads. 

3. Conclusion
Based on the discussion and analysis of each solution in this document, except for information exchange between eNBs it is quite related to RAN1 issue or the solutions may cause RAN1 specification changes or restrictions. Therefore, we propose to evaluate each solution in RAN1 and analysis if there is no RAN1 specification impact. 
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