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1. Introduction

In RAN1#67 meeting, on offline discussion it’s agreed that 
· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed
· Detailed signaling is FFS
· Cell detection principles
· Network assistance to simplify UE implementation of cell detection for 9 dB (larger bias FFS) CRE bias
· Higher-layer signaling is utilized to aid the UE
· RAN1 continues discussion about the details of necessary specification changes
· Handling of CRS interference 
· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB (larger bias FFS) CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations
· Information on number of CRS ports of neighbor cell(s) is needed
· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed
· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

· Inform other RAN WGs (RAN2/3/4) about this RAN1 decision
In this contribution we discuss on signalling aspect for FeICIC, standard impacts are analyzed for assisting cell detection and CRS interference handling, and some observations are presented. 

2. Signalling support for cell detection
The (F)eICIC feature is mainly introduced for improving the downlink performance of Connected mode UEs. For the macro+ pico scenario, the Idle mode UEs in the pico CRE region are assumed to camp on the macro, followed by handover to pico when switching to Connected mode. 
Mobility for connected mode UEs in macro+pico co-channel does in principle work, although it has been found in RAN2 that further improvements are possible as part of the ongoing Rel-11 Study Item on HetNet mobility improvements. For cases with eICIC, Rel-10 furthermore supports configuration of UE RRM measurement restrictions; e.g. allowing to configure a macro-UE so it only measures on neighboring pico-cells when macro is using ABS. 

As analyzed in [1], PSS/SSS reception problem with extreme RE values can be addressed by utilizing ABS and by proper configuration of subframe shifting for FDD. In this case, the eNB need to know neighboring cell subframe offsets in order to be able to set its ABS pattern for avoiding interfering PSS/SSS. For TDD mode, it’s difficult to implement subframe shifting due to strict UL/DL timing synchronization requirements. Therefore, two cell’s PSS/SSS will collide, and macro UE would need to detect pico cell synchronization signal when being in the cell range expansion area and therefore under strong interference from own cell, and for this case, we may need higher layer signaling to assist UE cell detection and RRM measurement. 
According to [2], for E-UTRAN intra frequency measurement, a cell shall be considered detectable when RSRP measurement accuracy, SCH_RP and SCH Ês/Iot fulfill the requirements, such as SCH Ês/Iot ( -7.5dB under time domain measurement resource restriction. Without subframe offset between macro and pico layers, UE cell detection within CRE region can be divided into the following cases/areas:
· Autonomous SCH detection area: In this case, the macro users are in the region of CRE bias that is small enough to allow for non-assisted detection of SCH information. A tentative setting for this value could be such that whenever the CRE bias is smaller than 6dB (according to current specification defined in [2]), we assume that the Macro connected UE can fulfil RSRP and SCH measurement accuracy requirements, and additional higher layer signalling is not needed.
· Outside cell range expansion area: In this case the macro connected UEs are not within the pico cell range expansion area, and would not be candidates for connecting to the pico cells. However, in order to obtain measurements related to the potential handover candidate, we would potentially need to provide information that could assist the detection of the pico node.
· Inside cell range expansion area, but outside autonomous SCH detection area: In this area, the macro users are observing a situation, where they would preferably be handed off to the pico node, and would need assistance in detecting information. Here, it might be needed that we convey information to assist the detection and measurement of the cell range expansion pico node. A tentative CRE bias for these users could be within the region of CRE bias larger than 6dB and smaller than 9dB. 
For the above mentioned cases two and three, if may be beneficial to have the macro cell inform the UE about the neighboring pico cell physical cell IDs to help UE synchronize to those. However, as mentioned earlier, in current Rel-10 specification, mobility between macro and pico is already well supported, connected mode UE supports configured RRM measurement restriction, for this reason neighboring cell measurement include time domain resource restriction pattern for neighboring cell RSRP/RSRQ measurement and a neighboring cell list for which to apply the subframe pattern. So from signalling support point of view, current specification already supports this assistance of cell detection. Thus, UE can decrease times of blind decoding PSS/SSS, but UE still need to decode the synchronization signal under the dominant interference. In last meeting some companies mentioned that UE could get the time and frequency synchronization to pico cell through CRS without reading PSS/SSS, in this case the cell search process is different from Rel.8, and new cell detection requirements could be defined. Hence, specification impact and workload could be considerable. So the performance gain obtained by additional synchronization information should investigate to justify such modifications.
A number of potential obstacles are tentatively seen in terms of providing information for assisting macro connected UE to discover pico nodes in cell range extension area. These are as follows:

· Synchronization without searching for PSS/SSS. Due to the potential heavy interference on PSS/SSS (and potentially also on PBCH), this could be a solution. However, such approach would require that the UE is informed on the exact relative timing of the pico node transmissions as well as the information that is carried on the PSS/SSS/PBCH (system bandwidth, antenna ports, CP length, cell ID, MBSFN configuration, etc). Such information may be difficult to synchronize between cells.
· The above leads to a second challenge, which is related to the exchange of information between the two nodes (over the X2 interface). In the current implementation, there are no means to exchange/identify timing offsets between the two nodes in the system, so even estimating the positions in time of the CRS of the potential target cell would be a major challenge.
Observation #1: If subframe offset is configured between macro and pico to avoid PSS/SSS collision, subframe shifting information should be signalled between the two nodes. For PSS/SSS collision case in case of either TDD operation or no subframe shifting, current RAN2 specifications already to some extend support the framework for required higher layer signalling assistance for cell detection, but the UE would still need to decode PSS/SSS under dominant interference.
3. Information for UE CRS interference cancellation
As discussed in many RAN1 contributions, it is beneficial to have the UE perform CRS interference cancellation from strongly interfering cells. For the macro+pico scenario, it is especially beneficial to have the pico UEs in the range extended area perform CRS IC from the dominant interfering macro cells when those transmit ABS. However, also during normal macro transmission it is beneficial to perform CRS IC. In [3] it was found that it is sufficient to only perform pico-UE CRS IC from a single, or few, dominant macro-cells to have good performance. The UE is in the best position to determine from which cell(s) it receives dominant CRS interference, and therefore to decide from which cell it makes sense to perform CRS IC, also dominant CRS location can be easily detected by UE. The rule applied in [3] was basically to perform CRS IC on neighboring co-channel cells with RSRP larger than a certain threshold as compared to serving cell RSRP. These considerations are summarized in the following observation:

Observation #2: The UE is in the best position to decide from which cell it shall apply CRS IC. It is therefore proposed that UE shall apply CRS IC from cells where it receives dominant CRS interference. The UE shall perform such CRS IC in all subframes where it receives data. There is no need for introducing additional signaling in Rel-11 to explicitly support UE CRS IC.
For Tx based CRS interference handling schemes, i.e. data/control/signal RE muting, a UE need to know the muting RE location, which is corresponding to CRS position of dominant interfering cell and the data is rate-matched around the muted REs. It basically needs the following information: 
· Information on number of CRS ports of neighboring cell
· Information on which subframes in the neighboring cell the CRS is present (e.g. MBSFN configuration) 
The same information is basically needed also for performing standard UE RRM mobility measurements such as RSRP and RSRQ. In order to provide more details, let us consider the following three use cases:
· UE power on at the pico CRE region. According to current cell selection rule, the UE will camp on macro cell first. After RRC connection has been established, the macro UE will handover to the pico cell. So macro cell CRS ports and MBSFN configuration are already available by the users.
· UE perform handover from dominant interferer macro cell to pico CRE region. In this case the macro cell CRS ports and MBSFN configuration are already available by the users. 

· If pico UE moves from pico centre area to CRE region (assuming e.g. 9 dB CRE bias), UE have no prior information of neighboring macro cell. If users are configured to perform measurement on E-UTRA cells, MeasObjectEUTRA IE include information of presenceAntennaPort1 and neighCellConfig. So UE is indicated whether neighboring macro cell use Antenna Port 1 and whether the macro cell MBSFN subframe allocation is identical with serving cell or not. In this case, only part of UEs can’t get the required information if pico and macro cell have different configurations.
As mentioned in [3] and [4], in most of cases, there is only one dominant interfering macro cell around the pico cell. If this dominant CRS interference is cancelled, approximate 80% FeICIC gain can be reached, as compared with ideal CRS interference cancellation. This is similar for Tx based CRS handling schemes, where only muting dominant interferers CRS position RE can provide the most of the available gain.
Observation #3: For Tx based CRS interference management schemes the use case of CRS ports and MBSFN configuration information demand is limited, introducing additional higher layer signalling is not fully justified.
4. Discussions and concluding remarks
In this contribution we have analyzed the signalling support and information which could help UE cell detect and CRS interference handling. Based on the above sections, we have the following observations:

Observation #1: If subframe offset is configured between macro and pico, sbuframe shifting information should be signalled between two nodes. For PSS/SSS collision case, current specifications already support the required higher layer signalling assistance for cell detection, but the UE still need to decode PSS/SSS under dominant interference.

Observation #2: The UE is in the best position to decide from which cell it shall apply CRS IC. It is therefore proposed that UE shall apply CRS IC from cells where it receives dominant CRS interference. The UE shall perform such CRS IC in all subframes where it receives data. There is no need for introducing additional signaling in Rel-11 to explicitly support UE CRS IC.

Observation #3: For Tx based CRS interference management schemes the use case of CRS ports and MBSFN configuration information demand is limited, introducing additional higher layer signalling is not fully justified.
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