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1 Introduction

One of the objectives under FeICIC WID was the cell detection issue mentioned below [1] 

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

The RAN1 LS [2] informed RAN2 on the progress of the cell detection issue under FeICIC with the following: 
· Cell detection principles

· Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

Another RAN1 LS [3] informed RAN2 about the following conclusions reached at RAN1#68 for the cell detection principles:

· Rel-10 signalling can be used to assist cell search

· Further study until next meeting whether UE can assume the CP length of aggressor cell(s) and victim cell is the same

With the background of RAN1 progress, in this contribution we present our views on the cell detection of weak pico in co-channel hetnet considering large CRE bias (9 dB). We also intend to analyze the impact on RRC specification for the potential solutions discussed by RAN1 for cell detection and system information issue.
2 Background
In RAN2 it is common understanding that the co-channel cells participating in TDM ICIC are synchronised on subframe level. However for TDD systems, tight cell synchronization needs to be ensured to avoid UL-DL interference issue. Therefore, the co-channel cells in TDD systems may be frame synchronized or SFN synchronized. In a macro-pico co-channel hetnet deployment scenario, the macro employs ABS concept to protect resources of victim cells for UEs in difficult radio conditions. In our understanding the weak cell (pico) acquistion is quite challenging when the CRE bias is large (eg. 9 dB or more). This is valid for both TDD and FDD systems. For mobility purpose the UE should decode the PSS and SSS of the weak (pico) cell(s) in presence of strong interference from macro cell(s). In our understanding this is the “detection of PCI” issue mentioned in the objective under FeICIC WID. Upon handover to pico cell, the UE after PCI detection is time synchronized on frame level, and it needs to decode the PBCH i.e. MIB to read out essential physical layer information like channel bandwidth, SFN, PHICH configuration. With this the UE completes cell acquisition to be fully synchronized in time and frequency domain. In our understanding this is the “system information” issue mentioned in the objective under FeICIC WID. RAN1 is considering both transmitter based and receiver based solutions, where transmitter based solution rely on interference avoidance while receiver based solution rely on interference cancellation.
3 Discussion
In the following sections the interference handling for “detection of PCI” and “system information” is treated for both FDD and TDD systems.
3.1 Detection of PCI

The Release 10 measurement restriction patterns include a single serving cell pattern (pattern1) and a single neighbour cell pattern (pattern2). It is also to be noted that based on the recent discussions in RAN2 it is now mandated that UE should be provided with the PCI list of cells in the neighbour cell pattern [4]. The UE assumes for the cells whose PCI is included in the neighbour cell pattern that all the restricted subframes for measurements are non-MBSFN. The macro cell would normally configure the neighbour cell pattern to macro UEs in the proximity of pico CRE to facilitate handover to neighbouring pico cell(s). The neighbour cell pattern will mostly likely include the PCIs of the neighboring pico cell(s). With the knowledge of PCI, the macro UE would only need to serach for weak cells that are provided in the PCI list. The cells that are not included in the list would not be needed to be detected early as they are not involved in TDM ICIC do not provide CRE. The PCI list also reduces the probability of false alarms during weak cell detection as shown in [5]. Without the PCI list there can be significant delay in detection of PCI of weak pico cell(s). Therefore the PCI list (measSubframeCellList-r10) provided in the neighbour cell pattern can used to enable measurement (detection) of pico cell(s) having large CRE bias (eg 9 dB). In our understanding this is the conclusion reached in RAN1 expressed in first bullet of RAN1 LS [3]. The second bullet concerning the CP length of aggressor cell and victim cell is under the purview of RAN4.

The macro UE can therefore perform measurement for the neighbouring pico cell(s) to evaluate the handover event. Upon event triggering, the UE is handed over to pico cell.  However, for cell acquisition purpose the UE should decode the PSS and SSS of target weak (pico) cell in presence of strong interference from macro cell. The PSS/SSS interference can be either avoided by the transmitter or cancelled out by the UE. The direct collision between PSS/SSS of macro cell and pico cell can be avoided by introducing subframe offset. Further, the aggressor cell can employ muting of resource elements which overlap with the PSS/SSS transmission in the pico cell. However subframe shifting is only feasible for FDD systems. Subframe shifting does not have any signalling impact on RRC specification. For TDD system since the PSS/SSS collide, the UE needs to rely on interference cancellation of PSS/SSS of aggressor cell. Interference cancellation capable UEs may also cancel out PSS/SSS interference in ABS subframes like CRS interference in ABS subframes.
Observation#1: For mobility purpose, the PCI list (measSubframeCellList-r10) provided in the neighbour cell pattern can used to enable measurement (detection) of pico cell(s) having large CRE bias (eg 9 dB).
Observation#2: For FDD system subframe shifting and resource element muting of aggressor cell can be configured to avoid interefernce to PSS/SSS of pico cell. Subframe shifting does not have any signalling impact on RRC specification.
Observation#3: For TDD system since the PSS/SSS collide, the UE needs to rely on interference cancellation of PSS/SSS of aggressor cell.
3.2 System Information
As mentioned earlier for complete cell acquisition, the UE in the pico CRE region needs to decode the PBCH i.e. MIB to read out essential physical layer information like channel bandwidth, SFN, PHICH configuration. Since the time and frequency location of PBCH is fixed i.e. just after PSS, the subframe shifting and resource element muting configured by aggressor cell for PSS/SSS protection can be extended for reliable reception of PBCH from pico cell. However, this is only feasible for FDD system. RAN1 is further discussing the possibility to cancel out the PBCH interference from aggressor cell like the cancellation of PSS/SSS/CRS. For TDD system, the possibility of PBCH interference cancellation would be helpful for MIB decoding in the pico CRE region. The SIB1 which provides access restrictions and scheduling information of other SIBs is transmitted at fixed time but the frequency resources may vary. Therefore, it is possible to employ FDM ICIC for SIB1 reception from pico cell.
Observation#4: For FDD system subframe shifting and resource element muting configured by aggressor cell for PSS/SSS protection can be extended for reliable reception of PBCH from pico cell.
Observation#5: For TDD system, RAN1 is further discussing the possibility to cancel out the PBCH interference from aggressor cell like the cancellation of PSS/SSS/CRS. 
4 Conclusion & recommendation
Through this contribution our intention was to analyze the impact on RRC specification for the potential solutions discussed by RAN1 for cell detection and system information issue. Based on the above discussion, we conclude that for FDD system if subframe shifting is adopted for PSS/SSS and PBCH protection of pico cell there is no impact to RRC specification. For TDD system PSS/SSS of pico cell can be handled through interference cancellation of PSS/SSS of aggressor cell. In our understanding there is ongoing work progress for cell detection in RAN1 and subsequently in RAN4, therefore RAN2 to take note of the observations made in the contribution and wait for further input from RAN1 and RAN4.
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