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1. Introduction

In this contribution we address the performance of macro with indoor HeNBs. Our focus is on the downlink performance with special emphasis on the benefits of using automated HeNB power setting (aka HeNB power control) under different HeNB access constraints. We demonstrate that using such techniques is attractive for making co-channel deployment of macro and HeNBs feasible without suffering from macro-layer coverage holes. The rest of the contribution is organized as follows: In Section 2 we outline the considered problems and proposed solutions. Section 3 contains system level performance results, while concluding remarks are summarized in Section 4.
2. HeNB power setting and access constraints
Figure 1 shows a simple sketch of the downlink interference scenario for a case with co-channel deployment of macro and CSG HeNBs. Without any optimizations, it is well-known that such scenarios can suffer from macro-layer coverage holes as caused by CSG HeNBs, where macro-UEs in the close vicinity are not allowed to connect. As we will discuss in the following, the probability of experiencing such macro-layer coverage holes can be reduced significantly by using adaptive HeNB power settings and by relaxing the very strict CSG access constraints for the HeNBs.
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Figure 1: Downlink interference scenario for co-channel deployment case with macro and CSG HeNB.
Here we consider cases where 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. The proposed HeNB PC formula in (1) have also previously been evaluated in [1] for different parameter settings, as well as in [3] for cases with the so-called escape carrier concept for different densities of HeNB deployments.
It shall be noticed that the HeNB PC algorithm in (1) is simple and realistic for standardization within the time-frame for LTE Rel-10. Notice in particular the following characteristics:

· The HeNB PC only affects standardization and implementation for the HeNBs (relaying on HeNB measurements only).
· No additional signalling between macro-eNBs and/or HeNBs is required for this solution.
· No new measurements or support from UEs is required.
In the majority of previous macro+HeNB studies, very strict CSG access constraints have been assumed for the HeNBs, with only one UE dropped per house/apartment with an active HeNB having access. In this study we also consider a scenario that we call “CSG with visitors” as illustrated in Figure 2. For “CSG with visitors”, we assume that all UEs being inside the same house/apartment as the HeNB is included on the corresponding CSG member list. This is a reasonable assumption as the HeNB owner can add visitors that he/she has invited inside his/her home to the CSG member list (in case it is important for those visitors to have good mobile coverage while visiting). Referring to the so-called dual-stripe simulation scenario, this implies that all the macro-UEs that are dropped in apartments with active HeNBs, are assumed to have access to those.
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Figure 2: Sketch showing the basic principle of cases with HeNB “CSG with visitors” access constraints.
Another scenario with relaxed access constraints is “hybrid mode” in which the HeNBs are open for all users (also ones located in different apartments) but only part of resources is available for non-CSG members. This approach is inline with current understanding of hybrid mode in 3GPP – see 3GPP TS 36.300. In our study we assume that 30% of the available PRBs (i.e. 15 out of 50 PRBs for 10 MHz case) in each HeNB is available to be shared by all non-CSG members that connect to the node.

In the fourth considered access type scenario – “open mode” – all users have unlimited access rights to all the nodes. Open access is not a typical and expected setting for residential HeNB deployments but can be used as a benchmark for other access modes.
3. System level 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, 6 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 original CSG member user per each HeNB

· 2x2 antenna configuration

· The experienced SINR is limited to 22 dB for all users to account for various imperfections such as EVM

· Maximum HeNB transmit power of 20 dBm

· RSRP-based cell allocation with HeNB configured as CSG

· Pure co-channel deployment: Both macro and HeNBs operate in the same 10 MHz bandwidth.
Simulations are conducted for the following HeNB access constraints: Strict CSG, “CSG with visitors”, Hybrid access, and open access.
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. Notice that the users are divided in two categories - macro and femto UEs – depending on which base station type they have as serving cell. From Figure 3 it is clearly observed how the use of HeNB PC improves the macro user SINR conditions as a result of reducing the HeNB transmit power. Additional improvement of macro user SINR is observed when comparing the cases with strict CSG access and “CSG with visitors”. The latter is a result of now serving all users in the same apartment as the HeNB by that node. Further improvement of the SINR statistics is observed from applying Hybrid or Open access modes. In fact, the macro user SINR is identical for Hybrid and Open access modes. The HeNB user SINR statistics in Figure 4 shows degradation from enabling HeNB PC, but still experiencing higher SINR than the macro users.
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Figure 3: Cumulative distribution of experienced SINR for users served by the Macro-layer.
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Figure 4: Cumulative distribution of experienced SINR for users served by the HeNBs.
The user throughput distributions presented in Figure 6 clearly show that the macro user throughput is improved by enabling HeNB PC and “CSG with visitors”. Actually, for the case with HeNB PC and “CSG with visitors”, we no longer observe macro-layer coverage holes, as is the case without HeNB PC and strict CSG constraints. Cases with Hybrid or Open access results in even better macro-user throughput as more users are offloaded to the HeNBs. The HeNB user throughput results in Figure 6 shows that 90% of the users served by the HeNBs experience more than 10 Mbps for cases with HeNB PC enabled and “CSG with visitors”, which is considered to be acceptable performance.
[image: image5.png]Macro user throughput

0.9

08

0.7

=—CSG, no PC
===CSG, PC

505 = CSG with visitors, no PC
e ===CSG with visitors, PC
= hybrid, no PC
04 = ==hybrid, PC
open, no PC
03 open, PC
02
0.1
22 i i i i
0 2 4 6 8 10

Throughput [Mbps]




Figure 5: Cumulative distribution of experienced throughput for users served by the Macro-layer.
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Figure 6: Cumulative distribution of experienced throughput for users served by the HeNBs.
4. Concluding remarks
In this contribution we have presented further performance results for HeNB PC under different HeNB access constraints. The presented results show that the probability of experiencing co-called macro-layer coverage holes is converging towards zero when applying the proposed HeNB PC scheme and assuming not only strict CSG HeNBs but also cases with relaxed access criteria: “CSG with vistors”, “hybrid” and “open” HeNB access. The “CSG with vistors” HeNB access is believed to be a reasonable assumption, where the HeNB owner adds visitors coming to his/her home to the CSG member list (if important for the visitors to have good mobile coverage during the visit). The “hybrid” mode in is supported by 3GPP. The “Open access” mode is probably not realistic for residential HeNB scenarios, and was therefore only included in this study for the sake of comparison.
It can be seen that all types of relaxing access restrictions at the HeNB, and using HeNB PC, are a very efficient for protecting indoor macro users from experiencing femto-originated coverage holes. The gain observed is very significant (especially for “hybrid” and “open” access modes) and comes at acceptable loss of HeNB user performance.

The proposed HeNB PC scheme in this study is rather simple, and therefore feasible for standardization within the Rel-10 time-frame. Notice in particular the following characteristics:

· The HeNB PC only affects standardization and implementation for the HeNBs (mainly based on HeNB measurements – benefitting from so-called HeNB network listen mode).
· No additional signalling between macro-eNBs and/or HeNBs is required for this solution (i.e. nothing required in terms of standardization of S1 and/or X2 signalling).
· No new measurements or support from UEs is required and thus is fully backward compatible with legacy Rel-8/9 terminals.
Thus, in conclusion, we recommend to standardize HeNB PC (a.k.a. power setting) for LTE Rel-10.
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