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1 Introduction
According to Rel-11 WI, possible air-interface enhancement should be investigated to enable improved detection of system information, paging and PCI in the presence of dominant interferers. Random access procedure may also be impacted due to a presence of a strong interferer, hence it is important to study impact on random access procedure in time domain ICIC scenarios.

In this contribution, we give some analysis on contention based random access in time domain ICIC scenarios.  
2 Discussion and proposals
Contention based RA access is performed by the UE at initial access from RRC_Idle, RRC connection re-establishment, UL data arrival while non-synchronised, scheduling request when no D-SR is configured or for positioning purpose during RRC_Connected requiring random access. The support for idle mode operation is considered with secondary priority in Rel-11 WI. Therefore, the analysis primarily focuses on connected mode UE procedure; however the same analysis is equally valid for idle mode random access procedure for initial access as well. 
In macro-pico scenario, a UE may be connected to a macro cell even though it is close to the pico cell border. According to the definition of ABS, the macro eNB may schedule UEs (for example close to the cell center) even in ABS subframes. The macro-UEs at the pico cell border are scheduled on non-ABS subframes. Hence today, MSG2 and MSG4 are typically scheduled for all macro-UEs only on non-ABS subframes. Additionally, macro cell is in control of the ABS assignment and in typical deployment, there are more non-ABS subframes than ABS subframes in the macro cell. Hence for the UEs who are close to the pico cell border but connected to the macro eNB, there is no problem identified w.r.t. RA procedure when all UEs are scheduled on the non-ABS subframes for msg 2 and 4..
In macro-pico scenario, a UE may be connected to a pico cell with low received signal strength to achieve cell splitting gain. However, pico cell which deployed eICIC is aware of the strong macro interference to the pico UEs at the pico cell border. Considering that a significant fraction of pico UEs may be located at pico cell border, the pico eNB should plan to transmit MSG2 and MSG4 on macro ABS subframe such that the pico UE at the cell border could receive the messages. Note that during RA design, it is designed to have very low contention on random access channel and assumed that the RA load is not significantly large in a typical deployment.  

In macro-femto scenario, when a UE that is not a member of Closed Subscriber Group (CSG) approaches a CSG cell and performs RA,  the UE can not access to the CSG cell but has to connect to the macro cell. The Random Access Response (MSG2) and Contention Resolution (MSG4) sent from the macro cell shall encounter strong inter-cell interference from the CSG cell if they are scheduled on non-protected subframes. This RA attempt may fail so that the UE has to repeatedly perform RA till up to the maximum preamble transmission counter. A very small number of UEs in Macro cell could be close to the strong interference CSG cell. Additionally, according to the femto output power setting requirement in [1], the femto may adjust its output power to minimize the co-channel DL interference to non-CSG macro UEs operating in close proximity. Therefore, the number of victim UEs may further be reduced.
The protected subframes are controlled by femto cell in macro-femto scenario. Hence in some scenarios, only a few subframes may be protected (ABS) for use of Macro UEs. Considering that majority of RA procedures may not be initiated by the UEs who are experiencing a strong inter-cell interference from femto and also considering it may be only few protected subframes, it is not logical to transmit MSG2 and MSG4 on protected subframe for all RA procedures for all UEs in the cell. In this scenario, identification of the UEs who are experiencing strong interference from CSG cell may be beneficial. So the network could transmit MSG2 and MSG4 on protected subframes only for those corresponding UEs.
Proposal 1: RAN2 is requested to discuss the possible impact on RA procedure due to strong interfere and decide on whether enhancement are required for random access procedure in time domain ICIC scenario.

The reason of contention based RA failure for UEs who are experiencing strong interference is that by random selected preamble, the eNB can not identify whether the UE is a victim UE or a non-victim UE. Thus it can not determine whether to schedule MSG2 and MSG4 on protected subframes or not. 
The provision and use of separate random access resources for victim UEs can differentiate the victim UEs from non-victim UEs. The serving cell broadcasts random access resources exclusively used by victim UE and non-victim UE respectively. When a UE detects strong interference, it shall use reserved random access resources to initiate RA. While a non-victim UE shall use resources reserved for non-victim UEs. Based on this knowledge, the serving cell can identify the UE interference situation and determine whether to schedule MSG2 and MSG4 on protected subframes or not.  In order to do this, PRACH-ConfigInfo or preambleInfo needs to be enhanced for the differentiation between victim UEs and non-victim UEs. 
Proposal 2: requirement for random access enhancement in time domain ICIC is agreed in RAN2, the PRACH resources should be partitioned to reserve certain PRACH access slots for UEs who are experiencing strong interference. 
If a mechanism is designed to differentiate the victim UEs who are performing RA procedure from that of non-victim UEs, the mechanism could be used by the network such that reduced interference level is experienced by the victim UE while receiving MSG2 and MSG4, ie. MSG2 and MSG 4 are transmitted on protected subframes. the information could be used by the serving eNB in both macro-femto and macro-pico scenarios.   
3 Conclusion
This contribution discusses the potential impacts on random access procedure by victim UEs in time domain ICIC scenario. In macro-pico scenario, considering that the macro cell is in charge of configuring ABS subframes, the network may be able to configure resources for random access procedure to avoid any impact to the RA procedure due to strong inter-cell interference. In macro-femto scenarios, random access by small number of UEs in macro cell may be degraded due to strong femto interference. The possible impacts could further be reduced with use of femto power reduction requirement as agreed in rel-10 [1].    The following proposals are made.  
Proposal 1: RAN2 is requested to discuss the possible impact on RA procedure due to strong interfere and decide on whether enhancement are required for random access procedure in time domain ICIC scenario.

Proposal 2: requirement for random access enhancement in time domain ICIC is agreed in RAN2, the PRACH resources should be partitioned to reserve certain PRACH access slots for UEs who are experiencing strong interference. 
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