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1. Introduction
RAN1 has discussed necessary signaling for 9dB CRE bias for the purpose of cell search and CRS interference handling. 
Following is the conclusion of FeICIC in the RAN1 #68 meeting [1]:
Conclusion:

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

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

· Continue offline discussion whether or not send LS to RAN2/4 until Friday

· Draft LS in R1-120917 – approved in R1-120927 with change of “aggressor cell” to “aggressor cell(s)”. 

As a continuation of the discussion on this topic, we describe further network signaling details for the UE to detect cells with improved performances in a 9dB CRE environment in this contribution
2. Discussion 
2.1. Cell Detection Principles
It has been considered that cells in a network with ABS configured are aligned within a certain range. The performance gain of ABS comes from the assumption that cells are synchronized and the effect of ABS is maximized in a tightly synchronized network. As large CRE bias value is introduced, UEs should be able to assume a synchronized network within CP length especially in a CRE region for cell search and acquisition. 

On top of this assumption, aggressor cell list should be signaled to a UE. If a UE is located in a range expanded area while being connected to the macro eNB, the eNB hands over the UE to the pico eNB for traffic off-loadings. Then, the UE tries to acquire time/frequency synchronization based on received PSS/SSS/PBCH of the pico eNB. However, as the CRE bias value increases beyond 6dB, the UE may fail to receive the pico eNB’s PSS/SSS/PBCH due to high interferences from the macro eNB, which is difficult to avoid. Especially, in case of large CRE bias values beyond 6dB, the UE is not able to obtain synchronization information for which PSS/SSS/PBCH is contaminated by the interference and noise. Consequently, the UE cannot recover the signals reliably without having signaling assistance from higher layers and the assistance should come from the serving macro eNB before the UE hands over to the pico eNB. 

Therefore, we propose that “the aggressor and victim cell relation” should be signaled to the UE, which indicates the strongest interferer(s) of the pico eNB [2]. This means that the UE just needs to subtract the interference from the indicated strongest one(s) in order that the UE is able to detect PSS/SSS of the target pico eNB. 

Alternatively, considering that the main purpose of receiving PSS/SSS is to acquire the frame synchronization, the UE does not necessarily need to detect PSS/SSS of the pico eNB only if the UE knows “the aggressor and victim cell relation”. In other words, the macro eNB informs the UE which macro eNB is synchronized with which pico eNB. Therefore, the UE is able to have the frame boundary of the target pico eNB using the PSS/SSS of the interfering macro eNB. 
Proposal 1: the aggressor and victim cell relation should be signaled to the UE

The cyclic prefix length is also obtained by PSS/SSS detection, so some network assistance is needed for this. Here, we propose to align the CP length between the aggressor and victim cells. The use of different CP length between them has not been considered as a useful scenario due to a significant complexity caused by a process of handling the dominant interference from the aggressor cell. If we cannot assume this, CRS interference handling methods both tx-based or rx-based solution also become complex, for example interference cancellation should be done in time domain in this case. In other words, PDSCH rate matching scheme (Tx-based technique) or RE puncturing receiver (Rx-based technique) is not applicable if the aggressor cell has different CP length from that of the victim cell. Even in case of the interference subtraction receiver (Rx-based technique), having different CP length between aggressor and victim requires much more complicated interference cancellation procedure – so called “time domain cancellation” where the receiver does FFT for the interference estimation, regenerates the estimated interference and does IFFT to create the time-domain interference, subtracts the interference from the received signal in the time domain, and finally does FFT again to detect the desired signal. On the other hand, aligning the CP length allows “frequency domain cancellation” which requires only one FFT and all the interference estimation, subtraction, and signal detection process are done in the frequency domain.

Proposal 2: CP lengths of aggressor and victim cells should be aligned in order to ease interference cancellation/mitigation techniques (Tx-based and Rx-based as well). 

In addition to the above information, a set of acquisition parameters like the cell ID and system information(e.g., MIB and other necessary information) of the target pico eNB should be signaled so that the UE can directly measure the target pico eNB’s CRS and perform fine adjustments of time/frequency synchronization. In RAN1 #68 meeting, it has agreed that Rel. 10 signaling can be used to assist cell detection. For example, most of system information is provided to the UE via HandoverCommand but it does not carry all of the information in MIB, especially SFN. Therefore, additional signaling of system information, like SFN to the UE should be supported. Some modification may be needed for this signaling because there may exist some ambiguity in interpreting parameters if they are delivered by high layer signaling as it is. SFN contained in MIB is such an example and, if SFN is delivered by high layer signaling as it is in MIB, the received UE may be unclear to which radio frame the signaled SFN applies, e.g., when the initial transmission was missed and HARQ retransmission occurred.

Proposal 3: A set of acquisition parameters (i.e. cell ID, MIB and other necessary information) of the target pico eNB should be signaled to the UE (with some modification). 

2.2. Signaling Support for Handling of CRS interference
In RAN #67 meeting, it was concluded that the information on the number of CRS ports of neighbor cell(s) and on which subframes the neighbouring cell(s) the CRS is present is needed in order to measure/handle CRS interferences. 
It is obvious that current specification does not support for this purpose of signalings and UE is just provided the physical cell ID list of cells for which the eICIC applies. With the CRS information and subframe configuration of neighbouring cells, the UE is able to cancel CRS interferences or puncture severely contaminated REs by neighbouring cells CRS REs. 
In large value of CRE bias environments, the decoding of PSS/SSS /PBCH of pico cells is expected to be difficult due to high level of interferences. If the CRS REs of a victim cell are overlapped with that of aggressor cells, the CRS can be hardly seen by a UE who is asked to measure the victim cell’s RSRP when the UE does not know aggressor cells CRS information. 
Therefore, the serving cell needs to provide neighbouring cells CRS information and information on subframes that contains and the exact behaviour and explicit signaling support should be specified to simplify UE implementation. 
Proposal 4: Information on the number of CRS ports and subframe configurations of neighbouring   cell(s) should be explicitly signalled. 

2.3. Others
During the handover procedure to a targeted pico cell, a UE firstly transmits Random Access Preamble and the eNB transmits Random Access Response in return. The UE can be asked to transmit aperiodic CSI request in the Random Access Response message but the reference resource for this aperiodic CSI report is ambiguous for which the UE may not receive restricted measurement subframe sets at this stage. Therefore, the reference resource for aperiodic CSI report during RACH procedure in an ABS configured network should be clearly decided. 
Proposal 5: Reference resource for aperiodic CSI report during RACH procedure in an ABS configured network should be clearly decided.

Considering market deployments, there could be high-end UEs equipped with advanced receiver and low-end UEs. RLM/RRM measurement for a high-end UE should be studied because they have a capability of CRS interference cancellation. This means that within severely interference environment the UE may declare RLF in colliding CRS cases though it can reliably receive data and control from its serving cell by cancelling other cell CRS interferences. Similarly, the definitions of RSRQ and RSRP needs to be revisited in order to reflect the CRS interference handling capability of the UEs in measuring and reporting RSRQ and RSRP
Proposal 6: The definitions of RSRQ and RSRP needs to be revisited whether they should be defined CRS cancellation or new interference measurement REs need to be introduced for advanced UEs. 

3. Conclusions
In this contribution, we examined signaling support for 9dB CRE bias for a UE’s cell detection and CRS interference handling. We propose as follows: 

Proposal 1: the aggressor and victim cell relation should be signaled to the UE

Proposal 2: CP lengths of aggressor and victim cells should be aligned in order to ease interference cancellation/mitigation techniques (Tx-based and Rx-based as well). 

Proposal 3: A set of acquisition parameters (i.e. cell ID, MIB and other necessary information) of the target pico eNB should be signaled to the UE (with some modification). 
Proposal 4: Information on the number of CRS ports and subframe configurations of neighbouring  cell(s) should be explicitly signalled. 
Proposal 5: Reference resource for aperiodic CSI report during RACH procedure in an ABS configured network should be clearly decided.
Proposal 6: The definitions of RSRQ and RSRP needs to be revisited whether they should be defined CRS cancellation or new interference measurement REs need to be introduced for advanced UEs. 
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