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1. Introduction

In a companion contribution [1], we showed potential significant DL performance gain as a result of range expansion with frequency resource partitioning for PDSCH in macro + outdoor hotzone scenario of heterogeneous networks (HetNet) and indicated the benefits of ICIC for control channels.
Interference management for control channels has been discussed in [2]-[6]. In this contribution, we discuss Rel-8/9 and Rel-10 solutions of interference management for control channels.

2. Interference Scenario in Macro + Outdoor Hotzone with Range Expansion
Many contributions have indicated that range expansion referred to in [7], which is an alternative cell association solution (note that pathloss-based solution is also part of range expansion), improves performance in macro + outdoor hotzone scenario of HetNet. Fig. 1 shows an interference scenario with range expansion, which is enabled by biasing RSRP received from a hotzone node.

ICIC for PDSCH can be applied to prevent significant interference from macro eNodeBs (MeNBs) to hotzone UEs additionally served by the hotzone cells as a result of range expansion. However, since ICIC for control channels is not supported in Rel-8/9, there would be a degradation in performance for PDCCH and the other control channels.
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Fig. 1   Interference scenario with range expansion and ICIC for PDSCH,
Rx power (solid, dotted->macro), 1/pathloss (dashed)

3. Discussion for Control Channel Interference Management
As we presented in [1], interference management solutions for control channels are necessary to achieve potential performance gain in HetNet with range expansion. In the remainder of this contribution non-CA based interference management solutions for control channels are addressed.

3.1. PDCCH
We presented the optimum configuration of range expansion and the corresponding requirements of interference mitigation for control channels and how it is dependent on the traffic conditions and the HetNet deployments [1]. In order to operate HetNets effectively ICIC needs to be applied to PDCCH, since the interference conditions within HetNet deployments are expected to change from time to time and from location to location.
Rel-8/9 solution

ICIC for PDCCH is not supported in Rel-8/9. One solution is to coordinate MBSFN subframe usage in HetNet [2][3]. However, since the use of MBSFN subframe would require time-domain  ICIC instead of frequency-domain ICIC for PDSCH in HetNet, further study for large fluctuation of interference in time domain is necessary. ICIC for PDCCH due to MBSFN subframe coordination also may not be feasible when hotzone nodes support MBMS transmission.

In other solutions, only static interference management can be applied but it would cause performance loss in unplanned traffic conditions.

As shown in [4], there are two approaches to mitigate interference for PDCCH as follows:

· Increasing robustness by randomization (e.g. increase sparseness of PDCCH region, power boosting, etc…)

Fig. 2 shows examples of increasing sparseness of PDCCH region.

· Increasing sparseness of PDCCH region by limiting the usage ratio can mitigate interference without any specification change and constraint. However, further study is needed to determine whether such techniques can provide expected interference mitigation including the case when only a few dominant interference signals are present.

· It seems in order to significantly mitigate the interference, extreme limitation of the usage ratio in the PDCCH region is necessary. This decreases the number of co-scheduled UEs and may degrade system performance.

· Blanking PDCCH region (note: an almost blank subframe is a special case of sparse PDCCH region) eliminates all interference for PDCCH transmissions in other cells. However, since any PDSCH / PUSCH transmissions can not be dynamically scheduled in the corresponding subframe, performance loss may not be negligible especially on the UL. The effect of CRS, PCFICH (, and PHICH) interferences should also be analyzed.

· Power boosting has the potential to improve robustness for interference. However, power boosting of such large resource signal as PDCCH aggregation level 8 consumes too much PDCCH resource.
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                   (a) Limit of usage ratio in PDCCH region   (b) Limit of PDCCH region size with MBSFN subframe
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(c) Almost blank PDCCH subframe

Fig. 2   Example of increasing sparseness of PDCCH region

· Achieving orthogonality

In addition to techniques such as increasing sparseness, power boosting, etc., orthogonal PDCCH assignments between macro and hotzone UEs may also provide improvement. Fig. 3 (and Fig. 2(c)) shows examples of how orthogonality of PDCCH can be achieved. 

If range expansion with higher bias is supported in HetNet, high orthogonality in PDCCH transmissions from MeNB and hotzone nodes would be required to significantly mitigate the PDCCH interference.

· For Rel-8/9 it is possible to select cell specific search spaces which are orthogonal between macro and hotzone cells.

· This approach requires the same numbers of antennas between MeNB and hotzone nodes.

· Since the restriction of search spaces increases blocking probability, further study on impact for system performance is needed.

· Another solution is to use time shifting at symbol level [2][5]. However, operators providing MBMS service would avoid such an implementation. In addition, feasibility study is needed as pointed out in [8].

· Impact to the loss of orthogonality due to insertion of CRS, PCFICH, and PHICH also needs to be studied.
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   (a) Orthogonal search spaces
         (b) Time shifting with muting
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(c) Time shifting with blank PDSCH (MBSFN subframe)
Fig. 3   Example of achieving orthogonality of PDCCH

Rel-10 solution

From the above discussion on Rel-8/9 solutions, we believe ICIC for PDCCH which does not use MBSFN subframe coordination should be specified in Rel-10 to effectively support HetNet with range expansion under at least Rel-8/9 ICIC mechanism for PDSCH.

While Rel-10 solutions are being addressed, interference mitigation effect for Rel-8/9 UEs should also be considered to accommodate existing Rel-8/9 UEs in HetNet deployments.

Although it may be beneficial to study  the effects of all factors that can be coordinated  (e.g., cell, subframe, search space, frequency resource, transmission power, etc…), we should, at the minimum, consider using subframe specific coordination since restrictions in all subframes for the interference mitigation would cause considerable performance loss.

· Although some FDM/TDM approaches which are backward compatible are proposed in [4], their effect on Rel-8/9 UEs should be carefully considered.

· Transmission power coordination seems beneficial.

· As shown in [1], since most macro UEs have high geometry, especially in the case of range expansion with higher bias, it would be possible to reduce PDCCH transmission powers (e.g., for macro UEs using aggregation level 1). Hotzone UEs with low geometry could use those resources.

· Considering ICIC mechanism for PDSCH, such a solution can be viewed as a natural extension to the PDCCH solution.

· Almost blank PDCCH subframes + cross-subframe scheduling seems also beneficial because most of cross-carrier scheduling specifications could be reused.

· Fig. 4 shows a simple example of the cross-subframe scheduling. This scheme uses one scheduling information for a UE which is valid for two successive subframes without reducing the number of UEs that could be scheduled simultaneously.  
· This allows macro eNB to stop transmitting PDCCH and mitigate interference for hotzone UEs in the related subframes without losing occasions of PDSCH transmissions.

· In addition, this allows a hotzone node to transmit PDSCH to UEs with low geometry in subframes where it is difficult for UEs to decode PDCCH due to severe interference from macro eNB.

· PDCCH extension has been also proposed in [2][6]. R-PDCCH reuse seems preferable taking into account standardization work in physical layer but there is still no consensus on R-PDCCH design.
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Fig. 4   Example of almost blank PDCCH subframe + cross-subframe scheduling

3.2. Other control channels and signals
In [1], we presented range expansion with higher bias and discussed the effects of interference in PBCH and SCH. Based on the study, interference mitigation by reducing transmission power (or muting) of macro eNB control channels would not be desirable since it would likely reduce macro cell coverage. 

· One possible solution is power boosting, although it deteriorates PDSCH performance in those subframes and is not efficient in narrow band system (e.g. not possible in 1.4MHz bandwidth system).

· Another possible solution in Rel-8/9 and 10 is to use time shift at the subframe level since these channels rely on time diversity [9]. However, it cannot be applied in deployments providing MBMS service. 

Therefore, if significant interference mitigation for PDCCH is supported, solutions of protection for other control channels also need to be identified without time shift.

In addition, accuracy of feedback and measurement report should be considered.

4. Conclusion
In this contribution, non-CA based interference management solutions for control channels were discussed with the following conclusion.

· ICIC for PDCCH which does not use MBSFN subframe coordination should be specified in Rel-10 to effectively support HetNet with range expansion using  at least Rel-8/9 ICIC mechanism for PDSCH.
· While Rel-10 solutions are being addressed, interference mitigation effect for Rel-8/9 UEs should also be considered to accommodate existing Rel 8/9 UEs in HetNet deployments. 
· If significant interference mitigation for PDCCH is supported for the case of range expansion with higher bias, protection for other control channels such as PBCH and SCH should be identified without using time shift because that is necessary for operators providing MBMS service.
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