
3GPP TSG RAN WG4 Meeting #57                                                                        R4-104708
Jacksonville, USA, 15th - 19th November, 2010 
Source:
CATT
Title:
Power Setting Solutions in Macro-Femto Scenario
Agenda Item:
15.5
Document for:
Discussion and Decision
1 Introduction
In RAN4 AdHoc#2010-04 meeting, we proposed a power setting scheme [1] for protection of Macro UE in Macro-Femto scenario. This contribution gives some updates based on the version in last meeting, especially, with an emphasis on the necessity of power setting scheme when TDM solution cannot solve all the problems.
2 HeNB power setting schemes

Generally, HeNB power setting solutions without X2/S1 backhaul can be classified as follow:

1. Power setting schemes carry out HeNB power adjustment based on HUE measurement or by HeNB listening to Macro Interference (Network Listen Mode).

2. Power setting schemes carry out HeNB power adjustment based on “sensing” victim MUE existence or a kind of  “close loop notice”, by which, MUE detects strong HeNB interference existence, then signals HeNB directly or reports it to its serving Macro cell, then Macro cell signals HeNB over-the-air to reduce transmit power.

The difference between power setting schemes above is that the second type power setting schemes can “identify” victim MUE existence to some extent by its own detection capability or neighbor Macro signaling. Obviously, type 2 power setting schemes may need:

· Enhanced HeNB detection capability, which implies cost increase.

· Signalling over-the-air between MeNB and HeNB or victim MUE and HeNB, which implies possible delay and low reliability.

In contrast to type 2 power setting schemes, type 1 power setting schemes may be more feasible and flexible. In this contribution we focus on power setting schemes type 1. 

2.1 HeNB power setting based on HUE measurement
HeNB transmit power is adjusted according to [4]:

P_tx = max (min (P_hue_received +x+ PL , P_max), P_min) [dBm]                            (1)
Where
· P_hue_received  is the interference and noise measured by HUE [4][5]. It can be derived from RSRP/RSRQ report.

· x is the target HUE SINR.

· PL is the path loss between HeNB and served FUE, which can be estimated by HeNB from the reported RSRP. 

· P_min is the minimum transmission power of HeNB. P_max is the maximum transmission power of HeNB.

· Target SINR can be scaled by considering HUE reported RSRP/RSRQ.
This power setting scheme implies that HeNB can reduce its transmit power according to HUE requirement, because HUE dose not always require a higher signal power for high enough throughput, particularly for coverage black hole case.
2.2 HeNB power setting based on network listening

HeNB transmit power is adjusted according to [2][3]:
P_tx = max (min (α • P_M + β , P_max), P_min) [dBm]                                       (2)
Where, P_M is the received power from the strongest co-channel macro eNB. Parameter α is a linear scalar that allows altering the slope of power control mapping curve, and β is a parameter expressed in dB that can be used for altering the exact range of P_M covered by dynamic range of power control.

This power setting scheme adjusts the transmit power of HeNB depending on the location of the HeNB. Assuming that HUE is located closed to HeNB (i.e. the same interference is “heard” by HUE and HeNB) and interference comes from a Macro cell is strong enough to cover other interference and noise (P_M = P_hue_received), and then set α =1, β = x+ PL, the power setting scheme 2 is absolutely equal to power setting scheme 1.
3 Performance evaluations

In this section, performances of power setting scheme 1 and 2 are evaluated. Corresponding methods and parameters are listed as follow; 

Power setting scheme 1: 

· PS 1-1: x = -4 dB,  P_hue_received is derived from the strongest interference from MeNB and noise.
· PS 1-2: x =  -4 dB,  P_hue_received is derived from RSRP and RSRQ.
Power setting scheme 2 [3]: 

· PS 2-1: α = 1,  β =70 dB.
· PS 2-2: α = 2,  β =120 dB.
Other parameters are listed in Appendix. Cell association for MUE is based on max RSRP, and HUE is only attached to CSG HeNB. Notice that there will be less than 1% HUEs that select MeNB if HUE cell association is based on max RSRP. 
The wideband SINR of MUE and HUE are shown respectively.
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Figure 1: MUE SINR [dB]
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Figure 2: HUE SINR [dB]

The 5% cell edge user SINR and HUE average spectral efficiency are listed as follow:
Table 1: performance of power setting scheme 1 and 2
	
	MUE 5% SINR [dB]
	HUE 5% SINR [dB]
	edge HUE SE [bps/Hz]
	Ave  HUE SE [bps/Hz]

	NO PC
	-27.03
	1.06
	0.7160
	3.3158

	PS 1-1
	-9.09
	-5.79
	0.2034(-71.59%)
	1.6783(-49.38%)

	PS 1-2
	-11.8
	-3.99
	0.2912(-59.33%)
	1.8916(-42.95%)

	PS 2-1
	-19.75
	-2.93
	0.3571(-50.13%)
	2.5985(-21.63%)

	PS 2-2
	-15.59
	-3.68
	0.3099(-56.72%)
	2.2499(-32.15%)


As shown in Fig. 1-2 and Table 1, it can be observed that:

1. Power setting schemes make a performance trade off between macro UE interference mitigation and HUE performance loss.

2. Power setting scheme 1 performs better than power setting scheme 2 in Macro UE edge SINR. But in other aspects (HUE edge SINR and HUE average SP) power setting 2 performs slightly better.

Reviewing power setting scheme 1, it can be found that power setting scheme 1 is more suitable for HeNB   specific adjustment. Generally, HUE requirement fluctuates, which means HUE do not need high power constantly, so there may be many opportunities that HUE’s target SINR can be scaled down or compressed without QoS degradation. 

Base on this reality, we investigate a simple target SINR compression method according to measurement of HUE. Power setting 1-2 is employed. RSRQ reported by HUE is linearly compressed and mapped to the following SINR target (x) range:

· range 1: x = -4~16
· range 2: x = -4~20
The wideband SINR of MUE and HUE are shown respectively.
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Figure 3: MUE SINR[dB]
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Figure 4: HUE SINR[dB]
The 5% cell edge user SINR and HUE average spectral efficiency are listed as follow:
Table 2: performance of HeNB specific power setting scheme 1 
	
	MUE 5% SINR [dB]
	HUE 5% SINR [dB]
	edge HUE SE [bps/Hz]
	Ave  HUE SE [bps/Hz]

	NO PC
	-27.03
	1.06
	0.7160
	3.3158

	PS 1-2-1
	-15.1
	1.23
	0.8012(11.90%)
	2.3714(-28.48%)

	PS 1-2-2
	-18.13
	1.33
	0.8572(19.72%)
	2.5988(-21.62%)

	PS 2-1
	-19.75
	-2.93
	0.3571(-50.13%)
	2.5985(-21.63%)

	PS 2-2
	-15.59
	-3.68
	0.3099(-56.72%)
	2.2499(-32.15%)


As shown in Fig. 3-4 and Table 2, it can be observed that:

1. Through appropriate tuning, PS scheme 1 can achieve slightly better HUE average performance than PS scheme 2. 

2. PS scheme 1 MUE edge SINR performance degrades near to that of PS scheme 2, because not all HeNB set their target SINR to the lowest. But HUE edge performance is much better than that of PS scheme 2. It means that strong HeNB interference mitigation can guarantee the performance of edge HUE, but not only victim MUE. 
This simple HeNB specific power setting method implies that power setting scheme 1 can be feasible for HeNB to conduct its power behavior. The SINR target can also be set according to QoS requirement, which usually stabilizes the actual HUE performance. 
4 Several considerations 

4.1 Complexity

Power setting scheme based on HUE measurement will not add receiver or transmitter complexity to HeNB. NLM (network listening mode) based power setting needs to implement additional downlink receiving process at least to detect downlink reference signal and monitor its power.
4.2 Robustness and Flexibility 

Power setting scheme based on HUE measurement depends on HUE’s capability to sense the environment, the power reduction opportunity come from how HUE define the environment and how HeNB is loaded. So, the Robustness and Flexibility is controlled by HeNB according to the network requirement.
NLM (network listening mode) based power setting, as was pointed out by [2] section 7.2.3.1, is not so robustness. NLM based scheme relies on surrounding RF condition measured by HeNB. However, there may be a significant difference between the RF conditions measured by the HeNB and those experienced by the MUEs or HUEs. In addition, the parameters in NLM based power setting are not so intuitional and can not be adjusted by a directive method.

From this perspective, power setting scheme 1 can reduce HeNB transmit power to carry out Macro and Femto performance trade off in a more reasonable way.
4.3 Impact on specification

HUE measurement based and NLM based Power setting scheme can effectively minimize modifications on specification. They both:

· Need no additional signalling between Macro eNB and HeNB.

NLM based power setting affects the HeNB standardization and implementation. However for HUE measurement based power setting, R8/9 specifications can fulfil it. HeNB can receive HUE measurement report (such as “worst” RSRP/RSRQ of HUE) to set power. HeNB power setting according to HeNB measurements (NLM) will lose accurateness when HeNB and HUE are apart from each other. In this view we prefer HUE measurement based power setting. 

As for the necessity of power control scheme, as discussed in [8], we think it is a scheme that can effectively help solve the Macro-Femto interference since TDM cannot solve all the problems described in [9].
Proposal 1: HeNB power setting solution, such as method based on HUE measurement, can be specified together with TDM solution to ensure performances of both MUE and HUE are guaranteed. Otherwise, other solutions need to be investigated.
Proposal 2: Other related impacts to specifications, such as new/updated test cases, need to be further considered.

5 Conclusion
In this contribution, we evaluate current available HeNB power setting schemes that needs no Macro-Femto backhaul. The results show that power setting based on HUE measurement can achieve a good trade off between several aspects, such as performance, complexity, robustness and flexibility. 
Finally, we have the following proposal:
Proposal 1: HeNB power setting solution, such as method based on HUE measurement, can be specified together with TDM solution to ensure performances of both MUE and HUE are guaranteed. Otherwise, other solutions need to be investigated.
Proposal 2: Other related impacts to specifications, such as new/updated test cases, need to be further considered.
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7 Appendix A: simulation parameters
Table1. Macro-cell system assumptions [6]
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m


Table2. Urban-dense HeNB modelling parameters of Dual Stripe Model [6]

	max number of cells per row 
	10

	number of blocks per cell
	1

	number of floors per block  
	6

	deployment ratio *activation ratio
	0.1

	Femto UE number per active HeNB
	1

	Probability of macro UE being indoors
	35%


Table3. Path loss models for urban (dense apartment) deployment [6]
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PLLOS(R)= 30.8+24.2log10(R) 
PLNLOS(R)= 2.7+42.8log10(R) 
For 2GHz, R in m.

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)


	
	(2) UE is inside an apt
	               PLLOS(R)= 30.8+24.2log10(R) + Low
PLNLOS(R)= 2.7+42.8log10(R) + Low
For 2GHz, R in m
Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)


	UE to femto BS
	(3) Dual-stripe model: UE is inside the same apt stripe as femto BS

	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and femto BS



	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 



	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.7+42.8 log10 R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB




Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 


Low is the penetration loss of an outdoor wall, which is 20dB.

Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.

























































