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1. Introduction
In [1] and [2], methods for control channel interference mitigation were presented. In this contribution, we briefly summarize the methods and present text proposal for inclusion in the FDD HeNB TR 36.9xx.
2. Text Proposal
7.2 Control of HeNB Downlink Interference

…

7.2.x
HeNB Downlink Control Channel Protection

Typically, a macro-eNB transmits at a much higher power (eg. 46 dBm for 10 MHz) relative to HeNB (20 dBm). Therefore, the coverage of macro-eNB is typically larger and there can exist a region  around the macro-eNB within which the transmissions from HeNB are interfered if a user happens to be connected to or camped on HeNB. For smaller cells (for example cells with inter-site distance less 2 km), HeNBs deployed anywhere in the network experience significant interference from macro-eNBs. This can lead to problems both in connected mode and in idle mode such as:

1. UE being unable to reliably decode paging channel resulting in missed pages and therefore a users inability to receive UE-terminated calls,
2. UE being unable to read common control channels, and
3. Throughput degradation or degraded PDSCH performance.
In order to address this problem, one possibility is to time-shift HeNB control regions relative to the macro-eNB and have the macro-eNB attenuate or mute symbol portions that overlap it.
7.2.x.1
Overlapped carriers with frame time shifting at symbol level
This approach uses time shifting of HeNB transmission by k symbols (i.e. to avoid overlap with macro-eNB control region size k) and uses macro-eNB power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of HeNB (see Figure 7.2.x.1).  The macro-eNB could also use power reduction on all the RBs (i.e. say 25 RBs) overlapping the HeNB control region to improve PDSCH performance for HeNB if HeNB is very close to macro-eNB and HeNB uses only a portion of the bandwidth (i.e. 25 PRBs when the overlay macro-eNB uses 50 PRBs) . A single OFDM symbol HeNB control region (n = 1) is preferred for PDSCH efficiency which leaves 5 CCEs for HeNB control channels which should be sufficient for HeNB control signaling.  
Due to the time shift of HeNB transmissions, the last k symbols of the HeNB PDSCH region would see interference from the macro-eNB control region.  The HeNB PDSCH overlap with macro-eNB control region could be further mitigated by either (a) using truncation so that only 14-n-k symbols would be used for HeNB PDSCH or (b) not using truncation (i.e, using 14-n symbols) but accounting for the overlap via MCS selection. 

Since the interference from the macro-eNB carrier on the HeNB PDCCH signals (control region) is being avoided by time shifting, the macro-eNB carrier need not be segmented (Note that carrier segmentation is not available for Rel-8 or Rel-9). In other words, macro-eNB and HeNB can use overlapping frequency resources or even the same carrier frequency. In Figure 7.2.x.1, a subframe shift plus two symbol shift (k = 16) is shown where the HeNBs SCH/PBCH do not overlap with MeNBs SCH/PBCH.  Then macro-cell would have to mute or attenuate its PDSCH symbol(s) overlapping the HeNB control region and would also attenuate/mute RBs or just the overlapping REs that overlap HeNB’s PBCH/SCH. If attenuation/muting is carried on a PRB level (by scheduling only close-by UEs or not scheduling any UEs in 6 PRBs respectively), scheduling can be conducted as normal and therefore, there are no Rel-8 backwards compatibility issues.  
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Figure 7.2.x.1. Time-shift HeNB frame timing by k = 16 OFDM symbols relative to macro-eNB timing

7.2.x.2
Overlapped carriers with frame time shifting at symbol level
In addition to symbol shifting, the HeNB carrier frequency can be offset from the macro-eNB carrier in order to mitigate SCH/PBCH interference from macro-eNB. This is suitable when the HeNB DL bandwidth is smaller than the macro-eNB DL bandwidth (eg. 5 MHz HeNBs are deployed within the band of 10 or 20 MHz macro-eNBs). In Figure 7.2.x.2, a carrier offset of 6 PRBs (1.08 MHz) is used for HeNB that avoids interference from macro-eNB, if the macro-eNB were to reduce power or mute RBs overlapping with the HeNB SCH/PBCH.
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Figure 7.2.x.2. Time-shift HeNB frame timing by k = 2 OFDM symbols and offset the HeNB carrier by 6 PRBs (1.08 MHz) relative to macro-eNB timing and carrier respectively
7.2.x.3
Signaling offset over the backhaul
In order that the macro-eNB knows where to apply power attenuation to reduce interference to HeNB downlink control, it would be desirable if all the HeNBs within the coverage area of the macro-eNB were to use the same symbol offset k. So, suitable signaling over the backhaul (X2/S1) is necessary to enable a common frame timing offset.
…
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