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1. Introduction
In [1]- [3], methods for control channel interference mitigation were presented. In this contribution, we present a text proposal for inclusion of these methods in the FDD HeNB TR 36.9xx.
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Text Proposal
7.2 Control of HeNB Downlink Interference

…

7.2.1
HeNB Downlink Control Channel Protection

Several techniques have been considered for data interference management (see [4] for a list of some of these techniques). However control channel interference management is equally important since improved data SINR is not useful if the UEs cannot receive control channels. Thus, it is vital to have techniques that address control channel interference.  
Downlink control channel (PDCCH) interference can occur in two directions in co-channel HeNB deployments.

· HeNB (aggressor) to macro-UE (victim), and
· macro-eNB (aggressor) to HUE (victim) if the UE is connected to a weaker HeNB cell (e.g. to access local information at the HeNB).

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 user’s inability to receive UE-terminated calls,
2. UE being unable to read common control channels, and
3. throughput degradation or degraded PDSCH performance.
The following are some of the techniques that could be used for control channel protection. It should be noted that some of these aspects may require UE implementation changes and should be considered for Rel 10 and beyond. It is possible that these methods offer gains for Rel 8/9 UEs; however, this needs to be studied further.  
7.2.1.1
Time shifting for overlapped carriers with frame time shifting at symbol level
7.2.1.1.1
    Time shifting at symbol level
This technique is applicable when the HeNB and the eNB are time-synchronized. This approach uses time shifting of HeNB transmission by k symbols (i.e. to avoid overlap with macro-eNB control region size k) relative to macro-eNB downlink frame timing and uses HeNB/macro-eNB power reduction or muting on the portion of a symbol (or symbols) that overlap the control region of macro-eNB/HeNB (see Figure 7.2.1.1).  The HeNB (macro-eNB) could also use power reduction on all the RBs (i.e. say 25 RBs) overlapping the macro-eNB (HeNB) control region to improve PDSCH performance for macro-eNB (HeNB). 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. However the use of all allowed symbols for control is not precluded.  
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. In a similar way, some symbols in the PDSCH region of macro-eNB would see interference from a HeNB. 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 link adaptation including resource allocation and MCS selection. 

In Figure 7.2.1.1, a subframe shift plus two symbol shift (k = 16) is shown where the HeNB SCH/PBCH do not overlap with macro-eNB SCH/PBCH.  Then HeNB (macro-eNB) would have to mute or attenuate its PDSCH symbol(s) overlapping the macro-eNB (HeNB) control region and would also attenuate or mute RBs or just the overlapping REs that overlap on the HeNB PBCH and SCH. If attenuation or 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.  
[image: image1.emf]Control region (36 subcarriers x 1 

OFDM symbol)

DL resources available for scheduling 

(36 subcarriers x 1 OFDM symbol)

Common macro-eNB and HeNB DL 

bandwidth allocation

SF-2

Macro-eNB (one 

unit on x-axis is 1 

OFDM symbol ~ 

71 us and one 

unit on the y-axis 

is 3 PRBs or 36 

subcarriers)

SSCH

SSCHPSCH PBCHPBCHPBCHPBCH

SF-1 SF-2

SF-0 SF-1

Legend

SF-9

Home-eNB, DL 

frame timing 

offset by k = 16 

OFDM symbols

SF-3

PBCHPBCHPBCHPBCH

SF-0

PSCH


Figure 7.2.1.1Time-shift HeNB frame timing by k = 16 OFDM symbols relative to macro-eNB timing

7.2.1.1.2     Carrier offsetting (possibly in addition to frame time shifting)
The HeNB carrier frequency can be offset from the macro-eNB carrier by 6 RBs or more in order to mitigate SCH/PBCH interference from macro-eNB. This is suitable when the HeNB downlink bandwidth is smaller than the macro-eNB downlink bandwidth (eg. 5 MHz HeNBs are deployed within a 10 or 20 MHz macro-eNB overlay). This avoids interference from HeNB (macro-eNB) to macro-eNB (HeNB) SCH/PBCH, if the HeNB (macro-eNB) were to reduce power or mute six RBs overlapping with the macro-eNB (HeNB) SCH/PBCH. Carrier offsetting could also be used in conjunction with frame time shifting, as seen in Figure 7.2.1.2. 
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Figure 7.2.1.2. 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
7.2.1.2
Carrier offsetting or frequency partitioning with per-subband interference estimation
Frequency partitioning, or carrier offsetting, where HeNBs are confined to use only a part of the bandwidth can be used to mitigate interference problems. This scenario is shown in Fig. 7.2.1.4.1. By using scheduling techniques that would avoid data transmissions on those parts of the bandwidth, the levels of interference as seen at the receiver can be reduced. This could resolve the interference problem for the data transmissions, however, control channels such as PDCCH that span the entire bandwidth would still be affected.
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Fig. 7.2.1.4.1 Partial Bandwidth Coexistence
The effects of the high interference seen in one of the subbands can be mitigated if the interference estimation is done on a per-subband basis. This would confine the influence of the interference only to that subband and not allow it to affect the entire bandwidth. This in turn would mean that only some of the coded bits are affected. When wideband interference estimation is used, all the bits are affected and the probability of successfully decoding the message decreases. Assuming sufficient number of CCEs are used (i.e., enough code protection), the PDCCH BLER performance would be slightly degraded. But the transmission would likely be reliable enough not to significantly affect normal operation. 
To illustrate the performance of this scheme, some simulation results are given. A simulation was performed to evaluate the impact on control channel performance of high interference on one of the subbands. Results for the cases of per-subband interference estimation and wideband interference estimation are presented.
The simulation considers a HeNB that uses one fourth of the bandwidth of the macro as shown in Fig. 7.2.1.4.1. A UE connected to a macro-eNB and receiving PDCCH transmission from it, sees high interference on one of the subbands. The level of interference is varied as a parameter relative to the noise level. The PDCCH error rate is compared for the cases when wideband interference estimation and per-subband interference estimation are used. The simulation parameters are given in Table 7.2.1.4.1. Only the results for 4 CCE PDCCH are given here but similar results were observed for other PDCCH sizes.
Table 7.2.1.4.1: Simulation parameters used

	Parameter
	Assumption

	Information payload size
	40 bits

	Coding
	1/3 rate TBCC with rate matching

	Macro Bandwidth
	5 MHz

	HeNB bandwidth
	1/4 of macro Bandwidth

	Channel model
	TU, 3km/h

	Channel estimation
	2-D MMSE channel estimation

	Interference estimation
	Ideal
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Fig. 7.2.1.4.2 4 CCE PDCCH BLER with wideband interference estimation                                                                     
Fig.7.2.1.4.3 4 CCE PDCCH  BLER with subband interference estimation




























































PAGE  
1

