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1. Introduction 
Hybrid access was defined in rel-9 for HeNB. In case of hybrid access, non-CSG members are allowed to access a HeNB but with restricted QOS in order to limit impact to CSG UEs [1].

Hybrid access may be beneficial in terms of interference control, for both MUEs and also for CSG HUEs (despite consumption of air interface and backhaul resources by non-CSG members). This is because by admitting MUEs to an HeNB: 
a) HeNB/HUE restrictions required for the protection of MeNB/MUEs can be relaxed 
b) UL interference from MUE to the HeNB is avoided and 
c) coverage problems for the MUEs can be alleviated by allowing the MUEs to access a nearby HeNB.

2. Admission of visiting MUE to Hybrid Cell 

The decision to admit a MUE to a hybrid cell must take account of several factors

· Imbalance between DL powers at HeNB and MeNB – e.g. there may be cases where it is beneficial to admit MUEs considering the UL (e.g. to mitigate interference from MUEs to HeNB UL), but which would result in the DL for the MUE being degraded (due to HeNB power limitations)

· Potential differences in link characteristics between MUEs<->HeNB and HUEs<->HeNB (e.g. MUEs may have a higher probability of being outside the home being served by a HeNB than HUEs)

· Limiting HeNB resources consumed by MUEs

3. Simulation Results 

3.1 Scenarios Considered

Simulations have been conducted for co-frequency deployment of MeNBs and HeNBs according to [2] with MeNB ISD 500m and propagation model 1. The urban “dual stripe” model is assumed. The activation ratio is 1 and the deployment ratio is varied from 0 to 0.4. Both uplink and downlink are simulated. A 10 MHz LTE system is assumed.
Both closed access and hybrid access are simulated. For the downlink, two approaches for setting HeNB power are considered:

· No power setting

· Power setting based on strongest received MeNB power at HeNB

For the uplink, the HUE power is constrained according to the “power cap” method [2] in order to protect the MUE ULs. A fixed IoT target is assumed.
3.2  Admission Strategy
The admission strategy assumed in the simulation is as follows. A macro UE is allowed to “visit” a femto if there are no other visiting UEs, and the pathloss from the MUE to the visited femto is lower than the pathloss to the best macro by 20 dB.
When a visiting UE is admitted, the following apply:

· Uplink: restrict the number of frequency Resource Blocks (RBs) that can be used to 9 
· The uplink “power cap” to protect the macrocell is set 15dB higher for visiting MUEs than for femto UEs 

· Downlink: up to 50% RB resources are used by visiting MUEs.
3.3 Results – Downlink

Figure 1 shows the average DL user throughputs for MUEs (including those visiting a HeNB) and HUEs.
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a) MUEs
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b) HUEs


Figure 1 Average DL user throughput
It can be seen that hybrid access provides significant DL benefits for MUEs. With hybrid access, DL power setting is no longer required (in fact performance for MUEs is better without it, since some MUEs access HeNBs and obtain the benefits of the removal of DL power restrictions). This removal of DL power restrictions also means that HUE DL performance is improved significantly. The associated SINR CDFs are shown in the following sub-sections. These show improvements not just for the average MUE but also for the lower tail of the distributions i.e. significant improvements for cell edge MUEs.
3.3.1 No HeNB power setting

Figure 2 shows the CDF of SINR for MUEs (including those visiting a HeNB ) and HUEs for different deployment ratios (DRs)
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a) MUEs, closed access
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c) HUEs, closed access
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b) MUEs, hybrid access
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d) HUEs, hybrid access


Figure 2 CDF of DL SINR (no power setting)
3.3.2 With HeNB power setting

Figure 3 shows the CDF of SINR for MUEs (including those visiting a HeNB) and HUEs.
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a) MUEs, closed access
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c) HUEs, closed access


	[image: image9.emf]-40 -30 -20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MUE DL SINR cdf, hybrid + DL power setting at HeNB

CDF

SINR (dB)

 

 

DR=0.0

DR=0.1

DR=0.2

DR=0.3

DR=0.4


b) MUEs, hybrid access
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d) HUEs, hybrid access


Figure 3 CDF of DL SINR (with power setting)
3.4 Results – Uplink

Figure 4 shows the average UL user throughputs for MUEs (including those visiting a HeNB) and HUEs.
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a) MUEs
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b) HUEs


Figure 4 Average UL user throughput
It can be seen that UL performance is significantly enhanced for both MUEs and HUEs with hybrid access. For MUEs the enhancement increases as the deployment ratio increases. Figure 5 shows the associated CDFs of SINR for MUEs (including those visiting a HeNB) and HUEs.
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a) MUEs, closed access
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c) HUEs, closed access
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b) MUEs, hybrid access
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d) HUEs, hybrid access


Figure 5 CDF of UL SINR
4. Conclusions

In this contribution, we have shown that with the appropriate admission criteria, hybrid access can significantly improve performance in a co-frequency deployment of MeNBS and HeNBs. The improvements are obtained for both UL and DL, and for both MUEs and HUEs.
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