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1 Introduction
On Enhanced ICIC, according to the requirement of the meeting focusing on evaluation of Rel-8/9 techniques to identify the needs for solutions [1], this contribution intends to highlight the constraints of some Rel-8/9 techniques in Macro-cell (MeNB) and Femto-cell (HeNB). Some potential solutions/approaches are also discussed for further study. 
2 Rel-8/9 techniques and their constraints
With specific deployment scenario of MeNB and HeNB (MeNB-HeNB), one of the most severe problems that has been raised and studied is the potential Macro-cell coverage-hole developed due to the deployment of the Femto-cell [2]. 
Many ICIC techniques for heterogeneous deployments have been developed for Rel-8/9 and several techniques are directly related to Femto-cell deployment in Macro-cell [3, 4], typically major techniques proposed are:

· Power control mechanism/technique on HeNB

· Resource partitioning (such as Frequency Partitioning [3])
· Hybrid cell

However, to the new problem of coverage-hole in MeNB-HeNB, any of these techniques has constraints in practical deployment. 
Power control: which is an effective technique to cope with near-far problem (conventionally) but not an efficient way to resolve the problem of Macro-cell coverage-hole in eNB-HeNB. 

In MeNB-HeNB, when a MUE moves close to HeNB, it could be in the same coverage area, or say with the same coverage aspects, of those HUE being served by the HeNB. Power control might only work on an assumption that the MUE was still far away from the HeNB but just got small amount of interference from the HeNB, so that the HeNB can do PC to reduce the transmit power with expectation to eliminate the interference to MUE. 
For this, we would like to draw attention on effective power control, which has constrains on HeNB deployment as demonstrated in Figure 1. As those UEs in Figure 1, interference from HeNB to MUE1 might be eliminated by employing PC. However, to MUE2, if PC is taken to eliminate the interference from HeNB to MUE2, it might disrupt the communication to HUE as well. 
Resource partitioning: which is beneficial to a network planning/optimisation when all nodes are fully controlled but might not be suitable completely for HeNB which is consumer deployed.
In [3], it described the technique of control of HeNB downlink interference towards macro eNB data channels by frequency partition of employing two set of resource blocks: set of resource blocks will be used for Macro eNB cell center users (CCU), and set of resource blocks will be used for Macrocell cell edge users (CEU). This implies that the HeNB is eventually able to employ two sets of resource blocks simultaneously to serve its users. Thus, it has already wasted the available resources. 

Also the scheme has constraints on additional receiver enabled on HeNB and partitioning based on locations. It could be ideal that a HeNB is employed either at the edge of Macro-cell or in the centre of Maro-cell. However, if a HeNB is located in the middle of the Macro-cell, it might cause confusions on the HeNB as shown in Figure 2 [3] (probably just randomly choose one of the two sets of resource blocks).
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Figure1: Illustration of different areas in HeNB coverage
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Figure 2: Different deployment scenario of frequency partitioning


Consequently, the resource partitioning could be fairly low efficient in HeNB deployment, unless the network/operators has enough radio resources.

Hybrid cell: which is very beneficial to those cells (if there) deployed by operators to be configurable to ‘close’, ‘hybrid’ or ‘open’ but might not be suitable for consumer deployed CSG HeNB.
As in [4], HeNB (i.e. node for Femto cells) is specified as indoor placed and consumer deployed Closed Subscriber Group (CSG). So far no further new development on access of HeNB even though the hybrid cell has been specified for HNB (Rel-9) [5]. 
It still needs further study on Hybrid cell for HeNB. It might not be feasible for user experience to have ‘Hybrid’ and/or ‘Open’ on HeNB. In general user experience is subjective and focuses on the use. Therefore, user experience on HeNB is a consumer’s perceptions and responses that result from the use of HeNB deployed by the consumers themselves. Consequently, it is important to consider user experience together with technical development for possible solutions. 
3 Possible solutions
Several possible solutions (eICIC) have been proposed and under discussion during recent meetings. In this contribution we present another possible solution to enable HeNB to offload data to MUE without actual handover of MUE from MeNB to CSG HeNB. In this case, the MUE still belongs to MeNB, but the CSG HeNB acts as a data relay to pass data from the wireless core network to MUE (bypass Macro-cell) as demonstrated in Figure 3 as an example.
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Figure 3: An example of offloading data from HeNB to MUE

In this approach, the MeNB should be able to request the MUE to perform measurement of its neighbouring HeNB(s). Based on the measurements received, the MeNB can determine the operation situation between the MUE and its neighbouring HeNB(s). While the MUE is moving closer to the femto-cell, the MeNB is able to know the interference level from the HeNB to the MUE. Further based on the measurement, MeNB is able to choose one target HeNB in case there are multiple neighbouring femto-cells (e.g., based on signal strength or location). When the interference level is going up to a certain threshold, the MeNB starts to negotiate with the HeNB through signalling. Note here, this scheme can be naturally combined with the power control techniques proposed in Rel-8/9. As already discussed previously, PC has a certain range of operation. While the PC is out of the range, the offloading procedure will take place.
By the point of starting negotiation, the MeNB shall have full or partial knowledge of HeNB to enable the procedure. The purpose of the negotiation is for the MeNB to request HeNB to pass data to the MUE through radio transmission without controlling on the MUE from the HeNB. In other words, the HeNB is only performing physical transmission to the MUE at low layer (e.g., Layer 1 level - PHY). The data offloading procedure is performed after successful negotiation. Note that the MUE is still associated with MeNB without necessary to be aware of that the data transmission is in fact from a HeNB. For HeNB offloading data to MUE, it can dynamically allocate radio resource to meet the original requirement from MeNB of transmission to MUE. Eventually it achieves dynamical resource partitioning. However, it is fundamentally different from the resource partitioning in Rel-8/9, for example, the HeNB might be able to fully employ the two set of resource blocks (instead of one) and just partition a portion to the MUE when it is required (otherwise the two set of resource blocks is utilised by the HeNB in most operation period). It presents much higher efficiency of radio resources. 
Furthermore, the HeNB is still keeping its aspects of CSG without accepting the MUE as its member to access. Therefore the proposed approach can release many constraints of the Rel-8/9 techniques as we discussed in the section 2. 
4 Summary
In this contribution, we mainly targeted on the problem of potential coverage-hole of Macro-cell while deploying HeNB in the cell. Some Rel-8/9 techniques have been discussed, where we highlighted limitations of the techniques especially in the deployment scenario of MeNB-HeNB. 
In order to address the limitations of Rel-8/9 techniques applying to MeNB-HeNB, a solution to enable HeNB to offload data to MUE is demonstrated for discussions and further studies. 

References

[1]
R1-102600, Agenda of 3GPP TSG RAN WG1 Meeting #61, Montreal, 10-14 May 2010.
[2]
R1-101924, Macro+HeNB performance with escape carrier or dynamic carrier selection, 2010-04.
[3]
TR 36.921, Home eNode B (HeNB) Radio Frequency (RF) requirements analysis (Release 9), 2010-03.
[4]
TR 36.814, Further advancements for E-UTRA physical layer aspects (Release 9), 2010-03.
[5]
TS 25.367, Mobility Procedures for Home NodeB; Overall Description; Stage 2 (Release 9), 2009-12.
[6]
R1-101786, DL Interference Mitigation via Direction Information in Het-Net, 2010-04.
[7]
R1-102431, Methods to facilitate the inter-cell coordination in heterogeneous networks, 2010-04.
