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1 Introduction

In RAN4, the impacts of relays on RRM were discussed in recent meetings and a TR about relay was approved. RSRP is an elementary measurement for mobility, ICIC, access control etc. It is discussed widely in RRM requirements. In Rel10, only fixed relay is considered. However, RSRP report for the other RRM algorithms is needed all the same. Because the pass loss in backhaul link may be variable slowly with the change of the ambience, for example, shadow fading. Then, the RSRP for fixed relay is not fixed. The eNB needs to know the RSRP change timely in order to do the other RRM algorithms. So it is desirable to research the RSRP measurement report mapping as like in [1] and [2]. 
2 Discussion
The backhaul link is the link between DeNB and RN. The RN is considered as UE on the backhaul link. Because of the higher antenna and better link quality (for example, often LOS channel), generally, the performance of backhaul link is better than that of direct link. Thus, some requirements for the relays may be different than from UEs. Although in Rel-10, only fixed relays are considered, the RSRP report is needed for cell selection, power control, and the other RRM algorithms.  Therefore, the RSRP ranges of relay need to be checked further. 
In Rel-9, the reporting RSRP range of UEs is defined from -140 dBm to -44 dBm with 1 dB resolution [3],which is calculated by the max input level in 36.101 and the max path loss [1][2]. For relays, since the max input level is not defined, the calculations of RSRP range in this contribution are based on the agreed simulation parameters in [4] and assuming 5MHz bandwidth. The details are listed in table 1. The evaluation method is the same as in [1].
Table 1 The relay parameters agreed in TS36.814
	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500m ISD;

Case 3: 2G CF, 1732m ISD

	BW
	5MHz

	Total eNB TX power (Ptotal)
	43dBm

	BS antenna gain
	14 dBi

	Relay RX antenna gain
	7dBi 

	path loss for macro to relay
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

	Lognormal Shadowing with shadowing standard deviation
	6 dB for macro to relay

	Penetration Loss  
	0dB for macro to relay

	Minimum distance between macro and relay
	75m


2.1 Minimum Reportable Level
In the parameters mentioned above, the max distance between relay and macro is 250m and 866.7m for case 1 and case 3, respectively. For minimum level, the maximum large fading value should be used, so we only consider the NLOS part. Assuming there is no antenna gain at the relay, and the shadow fading is  6dB for the maximum value with a 97% probability, we can calculate the large fading and RSRP as follows:
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Table 2 shows the maximum path loss value and the minimum RSRP which is much bigger than -140, but also in the range of (-140,-44);

Table2: RSRP minimum values
	Cases
	PLmax
(dB)
	Shadow fading
	Antenna gain
	RSRPmin
 (dBm)

	Case 1 for NLOS
	103.35
	6
	0
	-91.12

	Case 3 for NLOS
	122.93
	6
	0
	-110.70


2.2 Maximum Reportable Level
The minimum distance between macro eNBs and relays is 75m, and both LOS and NLOS path loss is considered. We assume a value of 0 dB for the shadow fading and a combined antenna gain of 21dBi (14 for transmitter and 7 for receiver). The minimum path loss and maximum RSRP are showed in table 3. The maximum RSRP value for LOS path loss is out of range.
Table3: RSRP maximum values
	Types
	PLmax
(dB)
	Shadow fading
	Antenna gain
	RSRPmin
 (dBm)

	LOS
	74.26
	0
	21
	-35.04

	NLOS
	84.36
	0
	21
	-45.14


The above evaluation is validated by the corresponding simulations in Appendix A. When the other uncertain cases are considered, the following proposal is provided. 
Proposal 1: For relays, the RSRP measurement report mapping higher limit is -33dBm, 
3 Proposal
Based on the analysis given in Section 2, we propose the following:

Proposal 1: For relay, the RSRP measurement report mapping higher limit is -33dBm. 
If the proposals are acceptable, the corresponding CR will be drafted. 
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Appendix A
1. Simulation assumptions:
	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500m ISD;

Case 3: 2G CF, 1732m ISD

	Cellular layout
	Hexagonal grid, 19 sites, 3 cells per site, wrap‑around

	BW
	5MHz

	Total eNB TX power (Ptotal)
	43dBm

	BS antenna gain
	14 dBi

	Relay RX antenna gain
	7dBi 

	Vertical  antenna gain
	Not used 

	path loss for macro to relay
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.
Case 1:
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

Case 3  (Rural/ Suburban)

Prob(R)=exp(-(R-0.01)/1.15)

	Lognormal Shadowing with shadowing standard deviation
	6 dB for macro to relay

	Shadowing correlation
	Between sites/relay
	0.5

	
	Between cells/sectors
	1.0

	Penetration Loss  
	0dB for macro to relay

	Minimum distance between macro and relay
	75m

	Minimum distance between relays 
	40m

	Antenna Configuration
	Macro-relay link:

Macro
14dBi, directional
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2. Simulation Results:
For static simulations, the shadow fading may actually provide gain for RSRP because the lognormal shadowing average value is 0dB, thus some instances fall into minus region. In the simulation statistic, the 95 % point of RSRP CDF is collected as the maximum RSRP value. Figure 1 and Table 4 show that the RSRP range for relays is -33.52dB~-99.55dB, which is inline with the calculations in Section 2.
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Figure1 CDF of RSRP

Table4 RSRP value
	
	Case1
	Case3

	
	RSRPmax
	RSRPmin
	RSRPmax
	RSRPmin

	LOS
	-33.52dB
	-70.34dB
	-44.51dB
	-82.09dB

	NLOS
	-45.14dB
	-81.94dB
	-67.55dB
	-99.55dB























types





Cases






















































_1337777561.unknown

_1337780800.unknown

_1337780804.unknown

_1337778201.unknown

_1177244166.unknown

