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1. Introduction

There have been several studies of macro + CSG HeNB performance for cases with pure co-channel deployment, i.e. macro and CSG HeNBs are deployed on the same carrier. Those studies show that CSG HeNBs are likely to cause so-called coverage holes, where some macro-UEs are experiencing excessive high interference from CSG HeNBs that they are not allowed to connect to. As an example of the latter, we refer to the results in [1], where it was demonstrated that macro-UEs in the vicinity of CSG HeNB are likely to experience problems in correctly decoding the control channels from the macro-eNBs (if pure co-channel deployment is used). Among the simplest options for circumventing such problem is to use multiple carriers, and always reserve one carrier free of interference from CSG HeNBs – we call such a carrier the escape carrier. Other carriers can be used for co-channel deployment of both macro and CSG HeNBs to maximize the frequency resource utilization. Related options were recently discussed in [3]. Heterogeneous network configured with escape carrier can be further optimized to boost performance of femto layer by allowing dynamic carrier selection at the HeNB thus enabling de-centralized interference coordination between neighbouring femto nodes. This deployment is further explained in Section 2. Deployment considerations.

In this contribution we present further considerations for cases with multiple carriers and macro+CSG HeNBs. Example performance results are presented. Our initial analysis shows that solutions with escape carriers are promising, and we therefore suggest to include such configurations as baseline for comparing against more advanced interference management schemes. Note that the aforementioned configurations are non carrier aggregation based, and thus shall be considered under the new Rel-10 work item on interference management for heterogeneous networks (see details in RP-100383) .

The rest of the contribution is organized as follows: In Section 2 we present the basic idea of escape carrier and dynamic carrier selection for simple cases with only two carriers. Performance results are presented in Section 3, and recommendations and concluding remarks are given in Section 4. 

2. Deployment considerations
Here we consider a scenario with two carriers, denoted F1 and F2. One of the simplest options is to assign both F1 and F2 to the macro cell layers, while allowing HeNBs to only operate on F2, and thus leaving F1 free of direct HeNB interference (the escape carrier) as shown in Figure 1. The macro-UEs being located in the closest vicinity of HeNBs should then be served on F1, while other macro-UEs can be served on F2. If signal quality is low in the vicinity of CSG HeNB, the macro-connected UE will automatically request an inter-frequency handover to F1. Assuming the same bandwidth of F1 and F2, we assume that an equal number of macro-UEs are assigned to F1 and F2 respectively.  
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Figure 1 Example of frequency configuration with escape carrier.
As indicated in the introduction further enhancement of the scheme presented above that may improve the performance of HeNB by avoiding interference from other HeNB (which in escape carrier case would all be operated on the same frequency F2) is the dynamic carrier selection at the HeNB. In this deployment configuration the HeNB are allowed to use either F1 or F2 but not both (i.e. no use of CA). The frequency selection can be done autonomously at the HeNB by e.g. choosing CC with lowest RSRP from other nodes. The macro users located close to a CSG cell (that operates e.g. on frequency F2) may still request handover to a frequency F1, but it is foreseen that the achievable QoS shall be lower as the chosen CC will no longer be free of HeNB interference (other, more distant femto nodes are possibly using also the F1). The femto users though shall benefit by experiencing less HeNB-to-HeNB interference.
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Figure 2 Example of frequency configuration with dynamic carrier selection at the HeNB.
In this study we investigate the performance of the cases described above, and compare the performance against pure co-channel deployment cases (i.e. cases where the full available bandwidth is used by both macro and HeNB layer). 
3. Performance results
Downlink performance results are generated for macro + CSG HeNB cases, assuming the dense urban dual stripe model for the HeNBs. Both the deployment details and channel models are aligned with [2] with some details highlighted below:

· 1 dual stripe block per macro cell, 3 floors per building

· Sparse Deployment ratio 0.1, with activity ratio 100% (4 HeNB per dual stripe floor)

· 80% of macro users located indoors

· 1 femto user per each HeNB

· Maximum HeNB transmit power of 20dBm

· RSRP-based cell allocation with HeNB configured as CSG

In terms of frequency setup the following two example cases are considered:

1. Pure co-channel deployment: Both macro and HeNBs operate in the same 10 MHz bandwidth.
2. Escape carrier case: F1 and F2 have 5MHz bandwidth. Macro-eNBs use both F1 and F2, while HeNBs only use F2.

3. Dynamic carrier selection: F1 and F2 have 5MHz bandwidth. Macro-eNBs use both F1 and F2, while HeNBs only use either F1 or F2.

Thus, cases 1), 2) and 3) as listed above have the same total system bandwidth. As discussed in the recent Rel-9 HeNB interference management discussions, the performance of pure co-channel deployment can be optimized by using power control of HeNBs maximum transmit power to reduce the probability of coverage holes. Here we consider cases with such downlink HeNB power control (PC) enabled and disabled in order to see the effect of this on the performance for the two considered cases. The HeNB PC algorithm is described in [4], and shortly summarized here as well. The HeNB transmit power is adjusted according to 

Ptx=max(min(α · PM + β ,Pmax), Pmin) [dBm],









(1)
where parameters Pmax = 20dBm and Pmin = 0dBm  is the minimum and maximum HeNB transmit power settings, while PM is the received power from the strongest co-channel macro cell. Parameter  is a linear scalar that allows altering the slope of power control mapping curve and – as such – adjustment to different sizes of macro cells,  is a parameter expressed in dB that can be used for altering the exact range of PM covered by dynamic range of power control. In the simulations optimized values of =1 and =55 dB were used.
Based on the assumptions described above a snapshot-based analysis was conducted resulting in the macro and femto layers performance presented in the Figures 3 to 6.
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Figure 3 Macro user SINR cdf.
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Figure 4 Femto user SINR cdf.
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Figure 5 Macro user throughput.
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Figure 6 Femto user throughput.


Please note that even though the number of macro-only users is fixed (10 per cell) the actual number of users served by the Macro nodes varies depending on HeNB transmit power configuration as the cell allocation is RSRP-based. This mechanism influences maximum throughput values achievable at the eNB due to different average number of resources (PRB per TTI) available to a macro user.
Looking at the macro user throughput performance results in Figure 5, we observe that the most attractive performance is achieved with the escape carrier configuration. For the HeNB user throughput in Figure 6 we observe that for up to 50% worst femto users nearly equal performance is achieved for the escape carrier configuration with HeNB PC disabled as with the pure co-channel configuration using PC. With the escape carrier configuration, we ensure that macro-UEs can always be served (and therefore the HeNB PC is not needed), while this is not the case for the co-channel configuration, where macro-UEs close to HeNBs suffers; see also results in [1]. The configuration with escape carrier therefore appears to be the most attractive.
The dynamic carrier selection at the HeNB may be used to improve femto user performance. The impact on macro user performance is also visible in Figure 5 (as there is no carrier totally free of HeNB interference for the macro users) but no outage is observed. The dynamic carrier selection can be therefore considered as an option to avoid HeNB-to-HeNB interference but only as long as the DL performance of macro users is not harmed (dense deployments with possible strong interference on all carriers should be ruled out).

3.1 Assessment of performance in dense deployments of HeNB

The density of node placement in heterogeneous deployments is a very important factor impacting results for both macro and femto layer. It is proposed in [2] to have (in dual stripe building) the deployment ratio of 0.2 and activation ration of 50%. Such deployment results in placement of 4 femto nodes per floor (2 per floor per building) and such deployment may not necessarily be valid for evaluating femto-to-femto interference (but also the protection of macro users) due to too low HeNB density.
Different densities of HeNB placement have been studied and described with reference to the one proposed in [2]: x1 (baseline), x2, x4 and x8 densities resulting in placement of 4, 8, 16 and 32 HeNB per dual-stripe floor. Other parameters of analyzed configuration remain unchanged and with each additional node a new femto UE is also added to the system.
In the Figures 7 and 8 we show a summary of femto performance (50% CDF of femto user throughputs) and related macro user outage probability and macro user cell-edge performance (5% CDF of macro user throughputs) .
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Figure 7 Macro user outage probability.
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Figure 8 Macro user cell-edge performance.



It can be seen that for dense deployments, with x4 and x8 HeNB densities, many of the analyzed cases should not be considered for implementation due to high macro user outage probability (HeNB-originated coverage holes). These especially are the deployments that allow the HeNB to be operated at full power (in this case assumed to be 20dBm). The co-channel deployment – even though providing very attractive band usage efficiency – should be carefully considered in such deployments. For the cases with high HeNB deployment density, we observe that the use of HeNB PC provides attractive benefits – both for the case with a static escape carrier and for the cases where HeNBs dynamically select either F1 or F2.
Most of studies currently considered use simulation assumptions agreed in [2]. The aim of this paper is not to change these assumptions but rather indicate that ICIC schemes proposed by different companies – even though sufficient for the agreed baseline cases – may not provide required performance when challenged in more dense deployments.
4. Concluding remarks
In this contribution we have summarized a simple set of macro + CSG HeNB performance results, comparing cases with pure co-channel deployment, cases with escape carrier and ones with dynamic carrier selection. Based on the presented results, the following observations are made:
· Escape carrier available: most attractive HeNB-UE and Macro-UE performance trade-off achieved without HeNB PC if the HeNB deployment density is moderate
· In more dense deployments (as studied in chapter 3.1) the power control should also be applied also in cases when escape carrier is available
· Escape carrier not available, co-channel deployment: HeNB PC shall be enabled to decrease the probability of Macro-UE coverage holes
· Dynamic selection of carrier at the HeNB: for baseline HeNB density the protection of macro users is sufficient but applying the scheme improves HeNB-UE performance when compared to the configuration with escape carrier
The setups with escape carrier or dynamic carrier selection are in general attractive and can be applied in combination with HeNB PC. Such solutions do not rely on CA, so they can be considered under the new Rel-10 WI on heterogeneous network interference management outlined in RP-100383.
The HeNB PC scheme used in this study is also listed in 3GPP TR 36.921, as one of the recommended scheme for LTE Rel-9 HeNBs. As the HeNB PC scheme have proven to provide attractive benefits, and being very simple, we recommend to consider standardizing this scheme for LTE Rel-10.
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