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1 Introduction
A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) as a complement to a macro network aims at improving capacity and coverage.  In [2], we list some of the deployment scenarios we need to study as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We call this is as a co-channel deployment. In RAN1#70bis, a few contributions with initial system level simulation results were presented [3], [4].  It was shown that significant gains can be achieved for average sector throughput by deploying LPNs in addition to the macro network.  The gains are observed when LPN can take up some of the load from the macro.  

However, due to large power difference between the macro node and the LPN, the traffic uptake by a LPN and therefore the effect of macro traffic offloading may be very limited as illustrated in Figure 1.
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Figure 1: much smaller LPN serving area due to lower DL transmit power.
From network management perspectives, it is useful to be able to control the level of offloading. For example, when the macro cell is overloaded while the small cell served by the LPN is very much idle, it is desirable to encourage offloading from the macro to small cell. Increasing the traffic uptake in a small cell by increasing its service area is referred to as LPN range expansion. 
However, user equipment (UE) making use of cell range expansion can experience severe interference conditions since the received signal strength from interring node might be stronger than the serving LPN. 

Figure 2 shows the link performance when the UE which is connected to LPN experiences a strong interference from the macro node.  Note that the interference due to all the other nodes is modelled as the white noise, which has one-sided power spectral density N0. In our simulations, N0 is set to 1 (i.e. 0 dB), thus in the below discussion Ioc/N0=Ioc.
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Figure 2  Link performance illustrating performance degradation when the UE is in cell range expansion zone.
To minimize the performance impact on the UE in the cell range expansion, schemes using resource restricted were proposed [5].  Even though there was no unified frame work agreed between the other companies, we provide our analysis  on the proposed schemes. 
2 Resource Restriction for aiding Interference Cancellation 
In this scheme, the network Radio Network Controller (RNC) fixes the modulation, and number of codes for fixed time instances. Hence the victim UE during these time intervals knows the partial scheduling information of the interferer.  Note that only pre-decoding interference cancellation is possible in this case. 
Observation I:  Post-decoding cancellation is not possible with Restricted Recourse-aided interference cancellation. 

If the RNC also fixes the transport block size too, then post decoding and soft or iterative cancellation is possible.  As proposed in [5], the RNC will negotiate a pre-configured TTI pattern between the macro and the related LPNs. 

It should be noted that if the RNC fixes the resources such as modulation, channelization codes or/and transport block size, the macro node may not schedule a UE with a good geometry. Hence even though there is legacy UE with good geometry, the macro node may not schedule this UE. Even if the UE with a good geometry is scheduled, the UE will not be able to benefit from its good radio condition due to the imposed restriction on  modulation, channelization codes or/and transport block size. In our view this will impact the legacy system. 
Observation II:  Restricting the resources impacts the legacy system
The second concern was when the macro node and/or LPN is capable of MIMO (Release 7 and Release 11), restricting the rank/precoding is not preferred as this will impact the MIMO user performance.

Observation III:  When the macro node/low power node is scheduling a MIMO user, restricting the resources will decrease the MIMO gains. 
Since, there are many potential disadvantages with resource restriction, we recommend not to consider this schemes as potential range expansion techniques.

3 Conclusions

Low-power node (LPN) cell range expansion is an important tool for achieving macro traffic offloading and for improving total throughput in a heterogeneous network. In this contribution, we discuss the impact of when applying restriction on the resources. Since, there are many potential disadvantages with resource restriction, we recommend not to consider this schemes as potential range expansion techniques.

Proposal I:  Resource restriction should not be considered as a tool for cell range expansion. 
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