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1
Introduction 

Heterogeneous network (Het-Net) has been agreed as a study item [1] in LTE-A. Some contributions [2-6] have also discussed the DL control channel interference scenarios and possible solutions for Het-Net related issues. Most of considerations are focused on the interference mitigation for PDCCH when HeNBs and MeNB use co-channel deployments. However as discussed in [7], MUE may have problem of receiving general DL control channel if it locates nearby a CSG HeNB. Moreover the interference mitigation mechanisms designed for PDCCH may not work well for PBCH since PBCH is different from PDCCH in transmission characteristics. In this contribution, we look at those approaches and elaborate the pros/cons if they are adopted for PBCH interference mitigation.
2
Discussion

According to the discussions, four mainly possible non-CA based approaches are proposed to mitigate the interference of DL control channel in HeNB and MeNB:

1) New control channel approach: Introducing a new control channel e.g. E-PDCCH or R-PDCCH which is transmitted on data RBs. The new control channels are further transmitted on different subframes or RBs without interfering the transmission of original control channel. UE could decide to decode those control channels jointly or separately in consideration of interference mitigation.  
2) Symbol shifting approach: HeNB shifts the beginning of frame with some symbols so that its control channel will not be overlapped with that of MeNB.
3) Different frequency span approach: HeNB only use partial carrier frequencies of the MeNB, and limited control channels will be interfered.
4) Muting approach: Turn off the transmission of control channel in certain sub-frames could avoid interference between MeNB and HeNB.
We further elaborate and compare these approaches in detail in following subsections.
2.1 New control channel approach
In this approach, a new defined region in PDSCH is used to put corresponding control information (e.g. R-PDCCH and E-PDCCH). In this way, RB-based interference coordination can be performed between the MeNB and HeNB. The most challenge of this approach is how to let UE know the allocation of new control channel. RAN1 is already discussing the start time of R-PDCCH where two possible options are: (1) the start symbol is fixed (2) the start symbol of R-PDDCH is configured. Those options are assumed that UE have already got the MIB information and acquire the parameters of SystemFrameNumber and DL-bandwidth. And then UE can go to the fixed/configured region for receiving the R-PDCCH. For designing a new control channel rather than PBCH to carry corresponding MIB information, the assumption of known parameters may not be formed (UE only successfully decodes the P-SCH and S-SCH in this stage). The only possible indication is given by partitioning synchronization signal to more groups with mapping into different allocations for new control channel. This will increase the complexity of cell selection and put limitation on cell-ID configurations.
Observation 1: Use of a new control channel to mitigate PBCH interference will increase the cell selection complexity.
2.2 Symbol shifting approach
The basic concept of this approach is to time-shift the HeNB’s control regions relative to the MeNB’s. This approach can be further explored into two cases for PBCH interference mitigation:
· Case 1: Symbol-level shifting:

As addressed in [5], let HeNB’s frame has symbol offsets (>4 symbols) with MeNB’s to ensure their PBCH do not overlap and hence interference can be mitigated. With this case, HeNB is asynchronized with MeNB and may increase the processing overhead especial when inter-eNBs need coordinations (e.g. resource partition for RB-based interference mitigation, CoMP and etc). Furthermore, if adopting this case in TDD, the guard period needs to be specially configured for avoiding DL/UL collision.
· Case 2: Subframe-level shifting

Typically, PBCH is transmitted at 1st subframe in a radio frame; HeNB may transmit its PBCH at different DL subframe in a radio frame. In this case, see Figure 1, HeNB still have synchronized frame structure with MeNB and only PBCH is shifted to different sub-frames (e.g. the 6th subframe in this example,  noted that 6th subframe will be always DL subframe for all configurations). Otherwise, the start symbol of PBCH in a subframe is the same.
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Figure 1 subframe level shifting (red line stands for PBCH)
To support this case, UE shall know that whether the cell is a HeNB or not and then go to the determined subframe for PBCH reception. This can be done by partitioning synchronization signal to two groups which one for MeNB and another for HeNB’s usage. This will increase the complexity of cell selection and put limitation on cell-ID configurations.
Observation 2: If symbol-level shifting is adopted, UE can access to HeNB without any modifications but network needs additional overhead because of asynchronization; alternatively, if subframe-level shifting is adopted, PCI range shall be partitioned and UE needs to perform PBCH reception at different subframe timing.
2.3 Different frequency span approach
PBCH is a narrow band transmission and both HeNB and MeNB need 24 bits to carry the MIB information. Therefore using different frequency span can not work for PBCH interference mitigation.
Observation 3: Different frequency span can not work for PBCH interference mitigation.
2.4 Muting approach
For PBCH, four repetitions of transmission will be executed during 40ms to ensure UE’s correct reception. Considering (1) few HUEs in a HeNB (2) infrequent update of MIB information (3) being capable of good reception due to small coverage, HeNB may be unnecessary to make PBCH transmission as usually as a MeNB. By the way, muting PBCH transmission at certain frames can be possible and this will mitigate the PBCH interference between HeNB and MeNB. When muting that region, HeNB may allocate data on that region with RB-based inference mitigation scheme or let it empty to fully avoid interference. Note that the muting here is only performed for PBCH, other control channels and data are transmitted as usual. To make further explorations, four options are categorized and discussed:
· Option 1: Partial muting 
Like Figure 2-a, HeNB can only transmit its PBCH at first radio frame and no repetition is executed in other frames. As a result, only first radio frame will have PBCH interference problem. For a MUE, if the decoding of PBCH on first frame is fail, it can decode it at other frames with higher successful probability. The disadvantage of this option is that a HUE may need more waiting time when it wants to camp on the HeNB. Besides, if the location of HeNB is very close to a MeNB and co-channel deployment is used, HUE may have problem to decode the HeNB’s PBCH (interfered by MeNB’s PBCH at first radio frame). Alternatively, a HeNB may transmit its PBCH with low power at other three frames. Then the waiting time for a HUE may be reduced but it becomes an uncertain chance for a MUE to successfully decode the PBCH at those three frames.
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Figure 2 examples of muting PBCH for HeNB and MeNB
· Option 2: Staggered muting

In this option, both HeNB and MeNB will selectively mute their PBCH. Figure 2-b is an example where HeNB transmits its PBCH at 2nd and 4th frame; MeNB transmits its PBCH at 1st and 3rd frame. By the way, HUE and MUE can receive their respective PBCH at different frame and interference can be avoided. The different stagger partitions will have different reception qualities for HUE/MUE and it can be coordinated between HeNB and MeNB. The con of this option is that it will reduce the robustness of PBCH reception for HUE and MUE.
· Option 3: Almost muting 

Because of few HUEs in a HeNB and infrequent update of MIB information, HeNB may mute all its PBCH transmission and make recovery based on some conditions. The conditions include: 
(1) The MIB information change when modification period is expired
· HeNB can set up systemInfoModification in paging message and then recover its PBCH transmission within a pre-determined period. With that indication, RRC_IDLE or RRC_CONNECTED HUE can precede the PBCH reception as usual. 
(2) A HUE wants to perform inbound HO from MeNB to the HeNB. 
· Source MeNB can inform HeNB to recover PBCH transmission when the MeNB wants to initate the inbound HO. The HeNB can mute its PBCH after HUE’s RRC Connection Establishment is finished.

(3) A HUE wants to perform cell camp with HeNB during its initial access. 
· UE may fail to camp on the HeNB without regarding MIB information and the UE will reselect MeNB as the target. After camping with MeNB, the approach in condition (2) may be applied. This method is backward-compatible to Rel. 8 UE but a Rel.8 UE can’t directly camp on a HUE during initial access. Alternatively a pre-specified RACH can be allocated in a HeNB. A HUE can perform random access at that RACH with a reserved code. When receiving that code at this specific RACH, HeNB will recover its PBCH transmission for HUE’s camping. Compared with previous method, only Rel. 10 UE can support this and directly access to a HeNB when the HeNB is almost muting its PBCH transmission. 
· Option 4: Muting by request

The DL interference on control channel will happen when a MUE moves into a HeNB’s coverage and can not access it. To mitigate the interference, a MUE may make a request through HeNB’s RACH to indicate the access problem. After receiving this request, HeNB can start muting its PBCH transmission. By the way, the MUE will be able to decode MeNB’s PBCH and further perform cell camp. The muting can be stopped when MUE moves away from the HUE’s coverage. This can be done by MUE’s measurement and MeNB’s coordination. During muting, the HUE can get/update HeNB’s MIB information by the methods discussed in option 3. The challenge of this option is it will have security issue on allowance of a MUE to make a request to HUE for requesting the interference mitigation. If authorization is required, it will also increase HeNB’s operating overhead. 
Observation 4: Muting PBCH can work for PBCH interference mitigation. Dependent on what muting option been used, it has different impacts on network overhead and PBCH reception quality.  
3
Conclusions
Since PBCH has different characteristics from PDCCH, the interference mitigation mechanism shall take both into considerations. In this contribution, we identified existing five main approaches which are proposed for dealing with the control channel interference problem. We look at those techniques how to work for PBCH interference mitigation and discuss the limitation to see how the underlying problems could be addressed in Het-Net.
The following table summarizes the network impacts as well as the air-interface impacts of each of these techniques on PBCH interference mitigation.
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It is also recommended that RAN1 consider the following:

Proposal 1: Approaches for mitigating the interferences of DL control channels in Het-Net should consider the characteristics of PBCH.
Proposal 2: Muting PBCH could be considered on PBCH ICIC for CSG HeNB. A HeNB could mute its PBCHs or reduce the PBCH transmission power in some frames. The operation cycle could be dynamic and a HeNB could also recover its normal PBCH transmission based on some conditions.
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