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1 Introduction
Relay coexistence simulation assumptions were discussed in the last meeting RAN4 Adhoc-2010#3 and have been discussed among interesting companies through e-mail reflector[1]. There were  many  discussions on relay system scenarios(outdoor relay, indoor relay, truwell relay), simulation cases(RN at cell edge, RN at regular grid), antenna patterns and directions, propagation models, and power control. When deciding the parameter related to power control, it is necessary to consider cell range, penetration loss and antenna gain of transmitter and receiver. Because the value of PLx-ile is changing according to these factors just like the case of CPE coexistence studies[2]. So, this contribution proposes the value of PLx-ile for Relay coexistence simulation assumptions considering cell range, penetration loss and antenna gain of transmitter and receiver. 
2 PLx-ile for relay coexistence simulation assumptions
The values of PLx-ile for LTE/LTE-A which are described in TR36.942 correspond to the urban area with ISD of 750m without penetration loss[3]. However, for relay coexistence studies, ISD of 500m and ISD of 1732m are under consideration including penetration loss. And for these studies, three links such as Macro-UE link, Macro-RN link and Relay-UE link are also considered. In each link, penetration loss can be included in the following situation. 
a. UE is indoor in Macro-UE link
b. RN antenna of backhaul link is indoor in Macro-RN link. 
c. In Relay-UE link, it happens when RN antenna of access link is indoor and UE is outdoor or when RN antenna of access link is outdoor and UE is indoor. 
2.1 Macro-UE link
The propagation model is summarized in table 1 with the lognormal shadowing standard deviation (LogF) of 10dB for Macro-UE link.  
Table 1. Propagation model of Macro-UE link for relay coexistence studies 
	ISD(m)
	LOS
	NLOS
	Probability of LOS

	500
	PLLOS(R)= 104.4+24.2log10(R)
	PLNLOS(R)= 131.1+42.8log10(R)
(LogF=10dB)
	Prob(R)=
min(0.018/R,1)*(1-exp(-R/0.063))
+exp(-R/0.063)

	1732
	
	
	Prob(R)=exp(-(R-0.01)/1.0)

	750(TR36.942)
	N/A
	PL(R)=128.1+37.6log10(R)

(LogF=10dB)
	N/A


Based on CDF of path loss from propagation model, the value of PLx-ile can be derived as follows. 

PLx-ile = PLx-ile TR36.942(ISD_750m) + Eq.
 = PLCDF=95%,ISD_500m – PLCDF=95%,TR36.942(ISD_750m)    or       (Eq.2)
 = PLCDF=95%,ISD_1732m – PLCDF=95%,TR36.942(ISD_750m).
Here, is the difference between PLCDF=95%,TR36.942(ISD_750m) and PLCDF=95%,ISD_500m   or between PLCDF=95%,TR36.942(ISD_750m) and PLCDF=95%,ISD_1732m. PLCDF=95%,TR36.942(ISD_750m) is a point that meets CDF of 95% at CDF of PL which is derived with propagation model, shadowing standard deviation and antenna gain of transmitter and receiver for ISD of 750m of TR36.942. PLCDF=95%,ISD_500m  and PLCDF=95%,ISD_1732m  are points which meet CDF of 95% at CDF of PL which is derived with propagation model, shadowing standard deviation and antenna gain of transmitter and receiver for ISD of 500m and ISD of 750m respectively. Figure 1 shows the CDF of PL in Macro-UE link. 
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Figure 1. CDF of path loss in Macro-UE link

If penetration loss exits, Eq.1 is changed to the following equation.
PLx-ile = PLx-ile TR36.942(ISD_750m) + Penetration_LossEq.
From this analysis on CDF of path loss,  is derived as -7dB and 13dB in Figure 1, for ISD of 500m and 1732m, respectively, in Macro-UE link.
2.2 Macro-RN link
The propagation model is given in table 2 with the lognormal shadowing standard deviation (LogF) of 6dB for Macro-RN link.  

Table 2. Propagation model of Macro-RN link for relay coexistence studies 
	ISD(m)
	LOS
	NLOS
	Probability of LOS

	500
	Prob(R)=
100.7+23.5log10(R)
	Prob(R)=
125.2+36.3log10(R)-B*
(LogF=6dB)
	[1-(1- Prob(R))N**]
Prob(R)=
min(0.018/R,1)*(1-exp(-R/0.072))
+exp(-R/0.072)

	1732
	
	
	[1-(1- Prob(R))N**]
Prob(R)=exp(-(R-0.01)/1.15)

	750(TR36.942)
	N/A
	PL(R)=128.1+37.6log10(R)

(LogF=10dB)
	N/A


   note : *  where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB, ** where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1
The value of PLx-ile can be derived with Eq.1 and Eq.2. If penetration loss exits in this case, Eq.3 can be used. Figure 2 and Figure 3 show the CDF of PL in Macro-RN link with site planning and without site planning respectively.
From this analysis on CDF of path loss, in case of 5dBi antenna gain of Relay Node for backhaul link,  is derived as -25dB and -15dB in Figure 2 (a), for ISD of 500m and 1732m, respectively, in case of donor Macro-RN link with site planning. In other case such as non-donor Macro-RN link and donor Macro-RN link without site planning,  is derived as -20dB and -2dB in Figure 3(a), for ISD of 500m and 1732m, respectively. 
In case of 7dBi antenna gain of Relay Node for backhaul link,  is derived as -27dB and -17dB in Figure 2 (b), for ISD of 500m and 1732m, respectively, in case of donor Macro-RN link with site planning. In other case such as non-donor Macro-RN link and donor Macro-RN link without site planning,  is derived as -22dB and -4dB in Figure 3 (b), for ISD of 500m and 1732m, respectively.

In case of 15dBi antenna gain of Relay Node for backhaul link,  is derived as -35dB and -25dB in Figure 2 (c), for ISD of 500m and 1732m, respectively, in case of donor Macro-RN link with site planning. In other case such as non-donor Macro-RN link and donor Macro-RN link without site planning,  is derived as -30dB and -12dB in Figure 3 (c), for ISD of 500m and 1732m, respectively.
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Figure 2. CDF of path loss in Macro-RN link with site planning
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Figure 3. CDF of path loss in Macro-RN link without site planning
2.3 Relay-UE link
The propagation model is shown in table 3 with the lognormal shadowing standard deviation (LogF) of 10dB for Relay-UE link.  

Table 3. Propagation model of Relay-UE link for relay coexistence studies 
	ISD(m)
	LOS
	NLOS
	Probability of LOS

	500
	Prob(R)=
103.8+20.9log10(R)
	Prob(R)=
145.4+37.5log10(R)
(LogF=10dB)
	Prob(R)=
0.5-min(0.5,5exp(-0.156/R))
+min(0.5, 5exp(-R/0.03))

	1732
	
	
	Prob(R)=
0.5-min(0.5,3exp(-0.3/R))
+min(0.5, 3exp(-R/0.095))

	750(TR36.942)
	N/A
	PL(R)=128.1+37.6log10(R)

(LogF=10dB)
	N/A


The value of PLx-ile can also be derived with Eq.1 and Eq.2. If penetration loss exits, Eq.3 can be used. 
Figure 4 shows the CDF of PL in Relay-UE link.

From this analysis on CDF of path loss,  is derived as 21dB and 38dB for ISD of 500m and 1732m, respectively, in Relay-UE.
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Figure 4. CDF of path loss in Relay-UE link

Based on obtained from the above three links, PLx-ile can be summarized in Table 4 ~ Table 11. These Tables include the effect of penetration loss.

	Table 4. Power control algorithm parameter for Macro-UE link with ISD of 500m(= -7)
Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[102] - Δ +
	[103] - Δ+
	[105] - Δ+
	[108] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[122] - Δ+
	[126] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 5. Power control algorithm parameter for Macro-UE link with ISD of 1732m(= 13)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[122] - Δ +
	[123] - Δ+
	[125] - Δ+
	[128] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[142] - Δ+
	[146] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 6. Power control algorithm parameter for Macro-RN link with ISD of 500m and site planning (= [-25,-27,-35] for backhaul antenna gain of 5/7/17dBi)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[84/82/74] - Δ +
	[85/83/75] - Δ+
	[87/85/77] - Δ+
	[90/88/80] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[104/102/94] - Δ+
	[108/106/98] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 7. Power control algorithm parameter for Macro-RN link with ISD of 1732m and site planning (= [-15,-17,-25] for backhaul antenna gain of 5/7/17dBi)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[94/92/84] - Δ +
	[95/93/85] - Δ+
	[97/95/87] - Δ+
	[100/98/90] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[114/112/104] - Δ+
	[118/116/108] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 8. Power control algorithm parameter for Macro-RN link with ISD of 500m and without site planning (= [-20,-22,-30] for backhaul antenna gain of 5/7/17dBi)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[89/87/79] - Δ +
	[90/88/80] - Δ+
	[92/90/82] - Δ+
	[95/93/85] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[109/107/99] - Δ+
	[113/111/103] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 9. Power control algorithm parameter for Macro-RN link with ISD of 1732m and without site planning (=[-2,-4,-12] for backhaul antenna gain of 5/7/17dBi )

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[107/105/97] - Δ +
	[108/106/98] - Δ+
	[110/108/100] - Δ+
	[113/111/103] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[127/125/117] - Δ+
	[131/129/121] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 10. Power control algorithm parameter for Relay-UE link with ISD of 500m(= 21)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[130] - Δ +
	[131] - Δ+
	[133] - Δ+
	[136] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[150] - Δ+
	[154] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 11. Power control algorithm parameter for Relay-UE link with ISD of 1732m(= 38)

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[147] - Δ +
	[148] - Δ+
	[150] - Δ+
	[153] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[167] - Δ+
	[171] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


3 Conclusion
We have derived appropriate values of PLx-ile corresponding to three different links such as a. Macro-UE link, b. Macro-RN link and c. Relay-UE link in relay coexistence studies. With these analyses we would like to suggest the derived values of PLx-ile are included in relay coexistence simulation assumptions.

============ <<< NEXT CHANGED SECTION>>>=====================
6.6
Power control

The Rel-8 power control algorithm is employed for the backhaul uplink from the RN to the eNB as well as for the access uplink from the UE to the RN. As defined in TS36.942, section 5.1.1.6 [5], the following power control equation should be used for the initial uplink co-existence simulations with RNs:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs or RNs with good channels to transmit at very low power level, PL is the path loss for the UE or RN  and PLx-ile is the x-percentile path loss (plus shadowing) value. With this power control equation, the x percent of UEs or RNs that have the highest pathloss will transmit at Pmax.  Finally, 0<γ<=1 is the balancing factor for UEs or RNs with a bad channel and UEs or RNs with a good channel. Values for Pmax and are given in table 6.6-1.

The eNB and RN in the access link is always transmitting at maximum power.

Table 6.6-1: Transmit power ranges for the links

	Node / Link
	Minumum power

Pmin [dBm]
	Maximum Power

Pmax [dBm]

	eNodeB
	N/A
	46

	RN backhaul
	[-54]
	[23,30]

	RN access
	N/A
	[24,30]

	UE
	-40
	23


Both parameter sets 1 and 2 as defined for power control. Macro-UE link, Macro-RN link and Relay-UE link use the same power control set both in the aggressor and victim network and different value of PLx-ile.
Table 6.6-2: Power control algorithm parameter for Macro-UE link with ISD of 500m

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[102] - Δ +
	[103] - Δ+
	[105] - Δ+
	[108] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[122] - Δ+
	[126] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 6.6-3: Power control algorithm parameter for Macro-UE link with ISD of 1732m

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[122] - Δ +
	[123] - Δ+
	[125] - Δ+
	[128] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[142] - Δ+
	[146] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 6.6-4: Power control algorithm parameter for Macro-RN link with ISD of 500m and site planning
	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[84/82/74] - Δ +
	[85/83/75] - Δ+
	[87/85/77] - Δ+
	[90/88/80] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[104/102/94] - Δ+
	[108/106/98] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.
            Three values in each case are for backhaul antenna gain of [5/7/17]dBi respectively.


Table 6.6-5: Power control algorithm parameter for Macro-RN link with ISD of 1732m and site planning

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[94/92/84] - Δ +
	[95/93/85] - Δ+
	[97/95/87] - Δ+
	[100/98/90] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[114/112/104] - Δ+
	[118/116/108] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.
Three values in each case are for backhaul antenna gain of [5/7/17]dBi respectively.


Table 6.6-6: Power control algorithm parameter for Macro-RN link with ISD of 500m and without site planning

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[89/87/79] - Δ +
	[90/88/80] - Δ+
	[92/90/82] - Δ+
	[95/93/85] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[109/107/99] - Δ+
	[113/111/103] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.
Three values in each case are for backhaul antenna gain of [5/7/17]dBi respectively.


Table 6.6-7: Power control algorithm parameter for Macro-RN link with ISD of 1732m and without site planning

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[107/105/97] - Δ +
	[108/106/98] - Δ+
	[110/108/100] - Δ+
	[113/111/103] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[127/125/117] - Δ+
	[131/129/121] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.
Three values in each case are for backhaul antenna gain of [5/7/17]dBi respectively.


Table 6.6-8: Power control algorithm parameter for Relay-UE link with ISD of 500m

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[130] - Δ +
	[131] - Δ+
	[133] - Δ+
	[136] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[150] - Δ+
	[154] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.


Table 6.6-9: Power control algorithm parameter for Relay-UE link with ISD of 1732m

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[147] - Δ +
	[148] - Δ+
	[150] - Δ+
	[153] - Δ+

	Set 2
	0,8
	[TBD]
	[TBD]
	[167] - Δ+
	[171] - Δ+

	NOTE: Δ, adjustment parameter related to different carrier frequency point. For fc=2GHz,  Δ =0dB.
            , adjustment parameter related to penetration loss. If penetration loss exits,  =20dB, otherwise  =0dB.
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