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1 Introduction

At the RAN 1 #54bis meeting, an evaluation methodology was agreed on for performance evaluation of LTE-A [1].  In particular, in Table A.2.1.1.2-2, the maximum relay transmit power was set to 30 dBm. In this contribution, we analyze whether 30 dBm is high enough. The results of this analysis indicate that the maximum relay transmit power should be increased to 37 dBm. 
2 Path Loss Analysis
In this section, a simple path loss analysis is conducted. Only the transmit power and the path loss are considered: no fading margin or penetration loss are added. This is not a limitation since it would similarly affect the relay and the eNodeB.

For the eNodeB to UE link, the path loss is given by [1]: 
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For the relay to UE link, the path loss is given by [2]:
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For this analysis, it is assumed that a relay is located at 750 meters from the eNodeB. The UE location is varied from 100 m to 1000 m, and the path loss originating from the eNodeB and the relay are computed. The eNodeB, the relay and the UE are assumed to be aligned.

Figure 1 shows the received power at the UE from the eNode B and the relay. The relay is used when the received power from the relay is larger than the received power from the eNodeB. As it can be seen, relaying is beneficial on a very limited zone: from 620 m to 900 m. This means that many UEs far away from the eNodeB will not benefit from the relay. This goes against the deployment of relays to have UEs at the edge-of-cell directly connecting with the eNodeB instead of using the relay.
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Figure 1.  Received power by the UE vs. distance from the eNodeB for a relay transmit power of 30 dBm.
Increasing the relay power is one way to increase the relay coverage zone. Figure 2 is the same as Figure 1, but for a transmit power of 37 dBm. As it can be seen, the relay coverage zone is much larger than for a transmit power of 30 dBm: it covers the 600~1000 meter range.
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Figure 2.   Received power by the UE vs. distance from the eNode B for a relay transmit power of 37 dBm.
With 37 dBm, the relay can  reach the edge-of-cell users. Besides, the coverage zone is much larger than with a power of 30 dBm.
3 Information Rate Analysis
The information rate of L2 relays is analyzed and compared with the case of without relay.
Here we consider a simplified one-dimensional linear relay model as shown in Figure 3 where one source (S) communicates with one destination (D) with the help of one relay (R) at the environment of one interference (I). In this model, 
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Figure 3: One-dimensional linear relay model
For wireless channel, the channel 
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where the path loss between any two nodes is given by [1][2]
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The information rate of the first hop and second hop are given respectively by
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When the optimal time-sharing is applied to L2 relays and no direct signals from source to destination, the upper bound of information rate can be achieved, which is given by
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The information rate for the case of without relay is given by
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For this analysis, it is assumed that a relay is located at 750 meters from the eNode B. The UE location is varied from 790 m to 1000 m. Other parameters are given in Table 1 [1][2] and Table 2.

Table 1: Numerical analysis parameters I
	Parameters
	Values

	Sampling frequency 
	15.36 MHz

	ISD
	1732 m

	Transmitted power by S
	46 dBm

	Transmitted power by relay
	30 dBm


Table 2: Numerical analysis parameters II
	Parameters
	Values

	Distance between S and R
	750 m

	Transmitted power by I
	46 dBm

	Transmitted power by relay
	37 dBm

	Noise power
	-104 dBm

	Npath
	1


Figure 4 shows the information rate achieved by L2 relays and the case of without relay. The relay is used when the information rate achieved by L2 relays is larger than that achieved by eNodeB alone. Note that the direct signals, from source to destination, are not considered. As it can be seen, L2 relays with a transmit power of 30 dBm cannot perform better than the case of without relay due to the poor information rate of the first hop and the low relay transmitted power. This goes against the deployment of relays to have UEs at the edge-of-cell directly connecting with the eNodeB instead of using the relay. By increasing the relay transmit power to 37 dBm, L2 relays can cover the 790~970 meter range.
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Figure 4: Information rate of relay with transmit power of 30 dBm and 37 dBm.
4 Conclusions
Based on the above analysis, the relay maximum transmit power being set as 37dBm (5W) [3] is a reasonable value for a relay with height 5m. We propose to increase the maximum relay transmit power to 37 dBm in Table A.2.1.1.2-2. 
-------------------------- Start of text proposal --------------------------

Table A.2.1.1.2-2. Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	RRH / Hotzone
	Femto
	Relay

	……

	Total BS new node TX power (Ptotal)
	30 dBm – 10MHz carrier
	20 dBm – 10MHz carrier
	30 37 dBm – 10MHz carrier, for relay to macro 

	
	
	
	30 37 dBm – 10MHz carrier, for relay to UE

	……


-------------------------- End of text proposal --------------------------
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