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Discussion
Introduction
In RAN4, HeNB interference mitigation studies are undergoing at the moment [1]. One aspect of the studies is to utilise the unique design of LTE system to ensure smooth deployment of HeNB in the LTE macro-layer using existing spectrum thus making LTE system more spectrally efficient. This is inline with Femto Forum’s studies that slimmer and compact deployments have higher priority level than using the full LTE spectrum. One way of achieving this is to allow co-existence of HeNB layer and MNB layer in the same band. This is called the Fractional or Shared or Soft frequency deployment [2]. 
Proposals

LTE HeNB deployment will be different from UMTS HNB, mainly due to its flexible bandwidth. An earlier proposal has already identified that deploying HeNB in the same LTE band is possible, as depicted in Figure 1 [3]. 
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Figure 1: Basic concept of Shared HeNB/MeNB frequency deployment
Proposal 1: RAN4 should further investigate this concept so that efficient deployment of HeNB can be achieved. 

With the above concept, it is worth noting that minimising the RAN2 signalling impact is important for Rel-9 simply because of limited time available for the completion of signaling specification in RAN2 for Rel-9. However, beyond Release 9 (i.e. Release 10), more enhanced schemes should be investigated without constraint of RAN2 signalling. 
Inline with the agreed set of scenarios in RAN4 [4,5], soft frequency reuse (SFR) should be incorporated into

1. Shared Deployment scenarios
2. CSG, Hybrid and open cells, with Hybrid cell scenarios as working assumption. 

3. Control and Data channels

Currently several baseline proposals for HeNB interference mitigation have been studied in RAN4 [6]. This can be generally categorised as follows:
1. Power control

a. HeNB downlink transmit power

b. HUE uplink transmit power including UL power cap and UL attenuation

2. Control channel interference management

a. Downlink control channel protection (both HeNB and MeNB)

b. Uplink control channel protection

3. Data channel interference management

a. Soft-frequency Reuse
In order to enable some of these interference mitigation methods, signal over X2 might be essential. However, due to current de-prioritization of X2 signaling specification for HeNBs, other alternatives (eg. S1) should be considered.
Note that such categorisation above may not be exhaustive due to on-going discussions in RAN4. One observation from the categorisation is that there has been more focus on downlink interference management so far. DL receiver function has been considered to be useful in many of the interference management schemes that have been proposed. Therefore, 

Proposal 2: The utility of DL receiver function to assist the interference mitigation schemes needs to be investigated for each of the different proposals together with an assessment of implementation complexity of such receiver implementations.
Downlink Interference Scenarios

In the downlink, the control channels orthogonality between HeNB and MeNB is important to avoid interference (MeNB ( HeNB and HeNB ( MeNB). Co-channel deployment of HeNBs with partial bandwidth overlap as shown in Figure 2 should be considered. Shared carrier deployments are preferable as the UE battery power consumption and large cell detection delay/HO delay associated with inter-frequency RRM can be alleviated. 
Downlink interference control methods can be further broken down into the following three options, two for control and one for data.
1. Partial overlap of control region for HeNB and MeNB. UE signal processing can take into account the frequency-selective nature of interference and still support reliable downlink control. However, control channel interference will still be an issue in some cases, particularly in the case where the HeNB is placed close to the MeNB.
2. Time-shift the HeNB subframes with respect to the MeNB subframes. In this way, the control channels for HeNB and MeNB can be orthogonalized both in time and frequency domains by suitable power de-rating or muting. 

3. Partial bandwidth control region assignment to MeNB and HeNB. In this way, a MeNB will not utilise the resources that are assigned to HeNBs and therefore avoid control channel interference. However, this approach is not feasible, at least until Rel-10. 
For data channel, HeNB/MeNB packet scheduler will be able to dynamically assign PRBs to their respective UEs such that intra-cell and inter-cell interference can be minimised. For inter-cell interference reduction, some X2 signalling support may be needed. 

Uplink Interference Scenarios

In the uplink, control channel interference can be mitigated as follows. For PUCCH, over-provisioning can be made use of to ensure orthogonality of control channels between HeNB UEs and MeNB UEs as shown in Figure 3. It is possible to employ this method in Release 8 without changing the Layer 1 design or RAN2 signalling. 

As with downlink, the data channel interference between HeNB and MeNB can be minimised via efficient LTE packet scheduling. 

Additional Benefits of SFR
Additional benefit of SFR is that it is possible to further reduce interference in other scenarios (for example, HeNB ( HeNB). It is therefore proposed that the interference mitigation solutions as summarised in [6] should be evaluated in conjunction with SFR. Therefore, the following is proposed:

Proposals 3: A systematic approach should be adopted to decide which basic SFR-based interference mitigation schemes can provide the expected interference reduction, using a set of performance metrics agreed in [7]. 
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Figure 2: Common bandwidth deployment of HeNB with partial BW overlap with macro-eNB
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Figure 3: UL control interference mitigation by PUCCH orthogonalization
Conclusions 

In this contribution, we briefly introduce the concepts of control channel interference mitigation and soft frequency reuse for co-channel HeNB deployment. It is proposed that for interference mitigation schemes for control channel protection and the SFR approach for data channel interference should be considered in the investigation process. This is reiterated in the following proposals:
Proposal 1: RAN4 should further investigate this concept so that efficient deployment of HeNB can be achieved. 

Proposal 2: The utility of DL receiver function to assist the interference mitigation schemes needs to be investigated for each of the different proposals together with an assessment of implementation complexity of such receiver implementations.
Proposals 3: A systematic approach should be adopted to decide which basic SFR-based interference mitigation schemes can provide the expected interference reduction, using a set of performance metrics agreed in [7]. 
It is envisaged that the investigation on interference mitigation for HeNB deployment in Rel-9 can be concluded in the next RAN4 meeting. 
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