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1. Introduction

In this contribution we address autonomous power setting for HeNB cells. Having such HeNB power setting schemes have proven useful in numerous cases as it can significantly reduce the probability of experiencing so-called macro-layer coverage holes, if having plain co-channel deployment of macro and CSG HeNBs. The reduced probability of experiencing macro-layer coverage holes is also beneficial for cases where other eICIC techniques are applied; such as cases with some degree of resource partitioning between macro and CSG HeNBs. Mainly because HeNB power setting schemes help reduce the needed resources reserved exclusively for macro. Thus, our observation is that standardization of autonomous HeNB power settings will be attractive also in combination with e.g. potential frequency or time domain eICIC schemes. Finally, autonomous HeNB power setting schemes are in many cases sufficient to have macro + HeNB working without coverage-holes for plain co-channel cases, if the HeNBs are configured with e.g. Hybrid Access mode.
In this contribution we therefore focus on further describing the proposed autonomous HeNB power setting schemes, and we also describe which specifications need updating to have it supported in Rel-10. 

The contribution is organized as follows: In Section 2 we discuss the different options for setting the maximum output power from the HeNBs (i.e. downlink), while possible UE power restrictions are discussed in Section 3 (i.e. uplink). In Section 4 we summarize our recommendations. Some example performance results are presented in Appendix A.

2. Downlink HeNB power setting
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  autonomous HeNB power setting schemes, i.e. by reducing the HeNBs maximum output power .
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Figure 1: Downlink interference scenario for co-channel deployment case with macro and CSG HeNB.
We categorize the HeNB power settings schemes into the following two classes: (i) proactive schemes and (ii) reactive schemes. Proactive schemes are solutions where the HeNB transmit power adjusted before the HeNB starts transmitting in order to avoid creating macro-layer coverage holes. Reactive schemes are different as they typically rely on sensing from for instance terminals, and first when an interference problem is detected, then the HeNB transmit power is adjusted accordingly.
2.1 Proactive HeNB power setting schemes

One of the simplest forms of proactive HeNB power setting is to rely on basic network listen mode (NLM) for setting the maximum allowed output power. Here we consider the case where the HeNB transmit power is adjusted according to 
Ptx=max(min(α · PM + β ,Pmax), Pmin) [dBm],




             

(1)
where parameters Pmax = 20 dBm and Pmin = 0dBm  are the maximum and minimum HeNB transmit power settings respectively, while PM is the received power from the strongest co-channel macro cell (i.e. corresponding to RSRP measurement). An illustration of power control formula (in terms of pathloss to strongest macro cell instead of its received power) is shown in figure 2.
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Figure 2: Power control formula parameters and their impact.
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 dBm that can be used for altering the exact range of PM covered by dynamic range of power control. If the HeNB is deployed in an area where it cannot “hear” any co-channel deployed macro-cells, it is simply proposed to let it transmit with full power. Notice that when the HeNB is first switched on, it can measure PM before starting to transmit in downlink, and thereby start by using adjusted power setting from the beginning. If there afterwards are time-periods with no traffic and thereby no transmission from the HeNB, it can conduct new NLM-based measurements of PM and react to changes in the network layout and/or propagation conditions.
The proposed HeNB power setting formula in (1) have previously been evaluated in [1] for different parameter settings, [3] contain results for combinations with the so-called escape carrier concept, and [4] contain HeNB power setting performance results under different HeNB access constraints.  See also more performance results presented in [8]-[9]. It shall be noticed that the simple proactive NLM-based HeNB power setting 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 power setting rule only affects standardization and implementation for the HeNBs (relying on HeNB NLM measurements only).
· No additional signalling between macro-eNBs and/or HeNBs is required for this solution.
· No measurements or support from UEs is required.
· Control over power settings at individual HeNBs from the operator side may still be possible via OAM system.
Thus, the proposed HeNB Power setting formula in (1) for determining the maximum allowed output power only requires updates of few specifications to be supported in  Rel-10: 
· TS36.104:  Should be updated to include detailed description of the  HeNB power setting rule

· TS 36.141: Updated to include the corresponding testing procedure of the HeNB power setting scheme.
From the above preliminary analysis, it is seen that  only two specs needs to be updated to have the HeNB power setting in the specs. The spec updates are recommended to be handled by RAN WG4. In addition, the management interface for the HeNB should in principle support remote configuration of parameters  and  – unless those parameters are simply decided to be fixed for the HeNB (say e.g. configured only once by the operator selling the HeNBs for its network). The latter details are considered to be outside the scope of the 3GPP RAN WGs responsibilities and will not be discussed further.
Note that the proposed proactive HeNB power setting scheme in (1) also can be characterized as an open loop power control method for initial setting of the transmit power of the HeNB.

2.2 Reactive HeNB power setting schemes

Reactive HeNB power setting schemes can be applied on top of proactive schemes, such as the solution outlined in Section 2.1. Reactive HeNB power setting schemes often rely on UE measurements as well as new dedicated signalling between network components; e.g. signalling between macro-eNBs and HeNBs. One example of a proposed reactive HeNB power setting scheme is the solution presented in [5]:
· Here the HeNB transmit power is adjusted depending on HeNB-UE measurements such as received interference from the strongest macro-eNB, path-loss towards the serving HeNB, as well as planning parameters such as maximum planned downlink SINR for HeNB-UEs, assumed background noise value, etc..

Other flavours of reactive HeNB power settings are listed in [6], where examples include:

· Cases where a macro-UE measures and detects interference from HeNBs where it is not allowed to connect (non-CSG member). Upon detection of too strong HeNB interference at the macro-UE, the corresponding serving cell macro-eNB takes actions by signalling to the identified HeNB (identified based on the macro-UE measurement reports) that it shall reduce its transmit power.

The listed reactive schemes can be considered as closed-loop power control mechanisms where there is a certain delay (loop delay) involved before the HeNB transmit power is adjusted. The latter is one of the reasons for recommending to (always) combining the reactive HeNB power setting scheme with initial HeNB power adjustments based on the simpler proactive scheme outlined in Section 2.1.
For each of proposed reactive HeNB power setting schemes it is proposed to have clarified:

· Are new UE measurements or reporting event needed as compared to what is supported for legacy Rel-8/9 terminals?
· Are there new requirements in terms of inter-node signalling (say macro-eNB to HeNB)?

· In case inter-node signalling is needed, will it be unidirectional, or is signalling in both directions needed?
· Which specifications shall be updated to have reactive HeNB power setting supported?

· What is the additional performance benefit on applying reactive HeNB power setting on top of simple proactive HeNB power setting?
3. Uplink power setting constraints
The LTE uplink relies on efficient UE power control (PC), where the base assumption is usage of open loop fractional path-loss compensation PC. As shown in [7] (and also in other studies), the uplink performance can be optimized by using proper settings of the open loop PC (OLPC) parameters such as Po and Alpha. As the UEs transmit power largely depends on the path-loss towards their serving cell, the HeNB-UEs typically transmits with much lower power than the macro-UEs. The latter implies that the received interference at the macro-eNBs is predominantly coming from macro-UEs, and only marginally contributed from HeNB-UEs, even for cases with plain co-channel deployment. However, there could of course be exceptions where HeNB-UEs are transmitting with too high power, while being relative close to a macro-eNB, and thus causes significant interference for the macro-layer. In worst case, such situations would result in loss of macro-layer uplink coverage. Hence, to avoid such unfortunate situations from happening, we recommend to have HeNB-UE power capping, where HeNB-UEs are limited to maximum transmit at a power level much lower than their UE capability, say at maximum 0 dBm, as an example.
For Rel-8/9 legacy UEs, RRC signaling can be used to configure the maximum allowed transmission power for the individual UEs. This basically means that HeNBs can set the maximum output power of the UEs that it is serving. Simplest option would be to semi-statically configure the max UE power capping per HeNB (say using same setting for larger group of HeNBs), and then make it mandatory for the HeNB to signal this setting to its UEs. 
More sophisticated schemes could relay on mechanisms where the HeNB autonomously derive the required UE power capping setting based on e.g. NLM HeNB measurements. Details of such solutions are FFS.
4. Concluding remarks
HeNB power setting schemes have proven useful in numerous cases as they can significantly reduce the probability of experiencing so-called macro-layer coverage holes if having plain co-channel deployment of macro and CSG HeNBs. The reduced probability of experiencing macro-layer coverage holes is also beneficial for cases where other eICIC techniques are applied, such as e.g. resource partitioning between macro and CSG HeNBs. Mainly because HeNB power setting schemes help reduce the needed resources reserved exclusively for macro. HeNB power setting schemes can be standardized fairly simple, and are therefore recommended to be included in Rel-10 as one of the instruments for facilitating HetNet eICIC.
More specifically, we have been addressing two types of HeNB power setting methods for the Downlink:

(i) Proactive schemes:  Proactive schemes are solutions where the HeNB transmit power is adjusted before the HeNB starts transmitting in order to avoid creating macro-layer coverage holes. One strong candidate for simple proactive HeNB power setting is the so-called NLM-based scheme, where the HeNB initialize its maximum output transmit power based on measurements towards the strongest co-channel deployed macro cell (see details in Section 2.1).
(ii) Reactive schemes: Reactive schemes are different as they typically rely on sensing from for instance terminals, and first when an interference problem is detected, then the HeNB transmit power is adjusted accordingly. Reactive schemes can be also be characterized as closed-loop control mechanisms.
As explained in this contribution, proactive HeNB power setting schemes is the starting point, and can also be combined with reactive schemes. The simple proactive NLM-based HeNB power setting schemes outlined in equation (i) is therefore proposed to be standardized first. Based on the presented impact on specifications, our recommendation is that RAN WG1 concludes to have simple NLM-based HeNB power setting standardized, followed by sending LS to RAN WG4 to have it in Rel-10 specs, i.e. checking WG4 opinion. The proposed NLM-based HeNB power setting scheme is attractive for standardization as it does not require major specification updates, and no new inter-node signalling, no new UE measurements or reporting, etc.
In parallel, RAN WG1 can investigate other eICIC schemes, including to have further investigated if more advanced reactive HeNB power setting schemes also shall be standardized for Rel-10 (as well as to have clarified what such schemes requires in terms of standardization).

For the uplink direction, we recommended to have simple “UE power capping mechanism”, so users served by HeNBs are limited in terms of their maximum transmit power. 

As a last remark, note that HeNB power settings can also work efficiently together with other eICIC schemes (such as for instance resource partitioning schemes, etc.). One example of the later is provided in [3], where the benefit of HeNB power setting ion combination with frequency resource partitioning is illustrated.
5. Appendix: Updated Downlink 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 [10] 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)

· 35% of macro users located indoors

· The experienced SINR is limited by imperfections such as EVM (8% for macro and 3% for femto nodes)
· 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 different settings of HeNB power (as shown in figure 3):
· No power control, all HeNB transmit with 20dBm
· Power control setting 1 (some HeNB transmit with minimum and maximum power values,  = 70dBm )

· Power control setting 2 (macro-protective scheme, many HeNB transmit with minimum power of 0 dBm,  = 120 dBm)
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Figure 3: HeNB transmit power distributions for PC setting 1 and 2
Based on the assumptions described above a snapshot-based analysis was conducted resulting in the macro and femto layers performance presented in the Figures 4 to 6 and Table 1. Notice that the users are divided in two categories - macro and femto UEs – depending on which base station type they have as serving cell.
	[image: image4.png]Macro user effective SINR

09 :
—noPC

08 PC setting 1
= PC setting 2

07

08

05

04

03

50 -40 -30 20 10
SINR [dB]




Figure 4: Macro user SINR cdf
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Figure 5: Femto user SINR cdf
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Figure 6: Macro and femto user throughput cdf (lin-log scale)
	
	Macro user outage 
[%]
	Median femto throughput [Mbps]

	no PC
	18
	56.6

	PC setting 1
	7.2
	46.7 (-17.5%)

	PC setting 2
	3.6
	37.2 (-37.2%)


From the results as shown above 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 (especially for macro-protective scheme 2). The macro user outage is significantly reduced (a change from 18% to less than 4%) and other interference mitigation schemes (such as e.g. frequency partitioning or hybrid access mode at HeNB) may be used to provide full macro cell coverage in macro+femto deployments in dense urban areas.

If the macro-protective power control settings are used (setting 2) then above mentioned reduction of macro outage regions comes at a cost of femto user performance reduction as also shown in plots and table above. However, the throughputs experienced by femto users are still much higher than ones observed by macro UE and it is therefore considered acceptable from the system perspective to accept the loss in femto average throughputs in order to improve macro user cell-edge performance.
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