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1 Introduction
Enhanced ICIC (eICIC) is an enabler for heterogeneous networks. Heterogeneous networks consist of a mixture of macro cells, femto cells and pico cells. The femto cells are generally expected to be CSG cells and allow access to only a specific small group of users. Also femto cells are “unplanned” in the sense that their precise location and configuration may not be entirely within the network operator’s control. 
In order to facilitate offloading of large numbers of UEs to pico cells, heterogeneous networks can implement “Almost blank subframes” (AB subframes). This allows the pico cells to expand their range (know as Cell range expansion, or CRE). 
This contribution outlines the areas where modifications to specifications may be needed to support idle mode eICIC.
2 Discussion

The following four functions are critically important for UEs in idle mode:
1. Cell search – UEs have to be able to detect cells to perform cell selection and cell reselection.

2. RRM Measurements – UEs have to be able to perform RRM measurements for cell selection and reselection.

3. Paging – UEs have to be able to receive paging messages in idle mode.
4. System information change tracking – UEs have to maintain up to date system information in idle mode.

Below we look at the impact on each of these functions.
2.1 Cell search
The cell search procedure consists of UE trying to find Primary and Secondary synchronization signals (PSS and SSS). One of the basic requirements for a heterogeneous network with AB subframes is that the network needs to be synchronized (i.e., subframe boundaries have to be aligned between different cells). PSS and SSS are both transmitted in fixed locations. For FDD, PSS is transmitted in the last symbol in slots 0 and 10 and for TDD it is transmitted in the 3rd symbol in subframes 1 and 6. For FDD, SSS is transmitted two symbols before the last symbol in slots 0 and 10 and for TDD it is transmitted the penultimate symbol in slots 1 and 11. In a frame synchronized network, PSS and SSS transmissions of neighbor cells overlap.
If a macro UE is in the coverage of a non-allowed femto cell, the PSS/SSS of the non-allowed femto cell is much stronger than the PSS/SSS of the macro cell. Therefore the UE is unable to receive the PSS/SSS of the macro cell. In an FDD system, a subframe offset can be applied while still maintaining alignment of subframe boundaries. The offset can ensure that PSS/SSS of the macro and femto cells do not overlap. However, RAN4 discussed the subframe offset approach for FDD and it was decided that it should not be assumed that is always feasible or will be always implemented [1]. For example, operators that have started out with synchronous deployments might want to keep the network synchronous even if they deploy femto cells or pico cells in the future. Furthermore, there is a desire to ensure a certain minimum performance that is common to both FDD and TDD, without specific assumptions about subframe offsetting.
Note that, in a TDD system, the UL/DL pattern does not allow a subframe offset to be applied.
Proposal 1: A solution to the PSS/SSS collision problem needs to be developed for both FDD and TDD.
2.2 RRM measurements

The UE uses Cell specific reference symbols (CRS) to perform RRM measurements in idle mode. These RRM measurements are used to trigger reselections. CRS is transmitted in predefined resource elements in each subframe. The CRS resource elements can also be shifted in frequency and the shift is a function of the PCID of the cell. Assuming two transmit antennas, 3 values of the shift are possible. Therefore, in a synchronized network, for any two randomly chosen PCIDs, there is a 33% probability of CRS resource elements overlapping. 
If a macro UE is in the coverage of a non-allowed femto cell, the CRS of the femto cell is much stronger than the CRS of the macro cell. If the CRS resource elements of the macro and femto cells overlap, accurate measurements of the macro cell may not be possible. This means that PCIDs of femto cells have to be carefully selected (PCID planning), which may involve significant operator effort or other capabilities in femto cells. It should also be noted that CSG cells have a reserved range of PCIDs. A significant number of these PCIDs will not be usable under the coverage of a macro cell. 
Proposal 2: RAN2 should discuss whether PCID planning for femto cells is an acceptable approach to avoid CRS collision.
2.3 Paging

The UE receives paging messages during its paging occasions. For FDD, subframes 0, 4, 5 and 9 can be paging subframes. For TDD, subframes 0, 1, 5 and 6 can be paging subframes. 
If a macro UE is in the coverage of a non-allowed femto cell, it is reasonable to assume that the paging subframe of the macro cell are AB subframes of the femto cell. However, AB subframes still include MIB, SIB1 and other essential transmissions. Thus the macro UE may be unable to receive paging from the macro cell. For example, if the macro UE’s paging occasion is subframe 5, then the SIB1 transmission from the femto cell can interfere with any paging transmissions from the macro. Specifically, the PDCCH from the femto to schedule the SIB1 PDSCH will interfere with the PDCCH from the macro to schedule the paging PDSCH. The UE would then be in a paging outage state. Thus, at least UEs with UE identifiers that map to subframe 5 in an even radio frame experience a paging outage problem.
Proposal 3: RAN2 should discuss whether the SIB1/paging collision problem is significant and needs to be solved.

2.4 System Information Change tracking

The UE tracks system information changes either by monitoring for SI change indications or by periodically checking the MIB and SIB. If an SI change is indicated, the UE first reads MIB, followed by SIB and then the other SIBs. MIB, which is contained in the PBCH, is transmitted in the center 6 RBs of subframe 0. In a synchronous network, MIB transmissions of different cells overlap.
If a macro UE is in the coverage of a non-allowed femto cell, the UE will be unable to receive the MIB of the macro cell, because the MIB transmission of the femto cell will interfere with it. This happens regardless of whether subframe 0 is an AB subframe of the femto cell. The result is that the UE is unable to maintain up to date system information.
It should be noted that given the RAN4 discussion [1], a subframe offset solution is not acceptable for the MIB collision issue. 

Proposal 4: A solution for the MIB collision problem needs to be developed at least for both FDD and TDD. 
3 Summary
In this contribution we have discussed the impacts of eICIC and ABSF on idle mode UEs. The following are our proposals:
Proposal 1: A solution to the PSS/SSS collision problem needs to be developed for both FDD and TDD.
Proposal 2: RAN2 should discuss whether PCID planning for femto cells is an acceptable approach to avoid CRS collision.

Proposal 3: RAN2 should discuss whether the SIB1/paging collision problem is significant and needs to be solved.

Proposal 4: A solution for the MIB collision problem needs to be developed at least for both FDD and TDD. 
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