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1. Introduction 

The RAN1#54bis has produced in a hurry a draft of simulation methodology for LTE-A.  By careful off-line study of R1-084017/R1-084026, we have identified some issues regarding the working assumptions about the relay system that we want to illustrate in more details in the following. At the end we will propose remedy to the identified problems. First of all, the major fact is shown in the given relations as below:
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The path loss functions given there are:
· eNB.UE: L1=L[eNB-UE] = 128.1 + 37.6 log10(R)

· eNB.NR: L2=L[eNB-NR] = 124.5 + 37.6 log10(R) 

· NR.UE: L3=L[NR-UE] =140.7 + 36.7 log10(R)
1.1. Some Issues with NR-UE Link in R1-084017

Assumptions in R1-084017 imply that with the same distance eNB-UE connection is stronger than NR-UE connection by 38 dB. This can be seen by the following:
Path loss:

· L3-L1=12 dB 
· L1-L2=3.6 dB   
Antenna gain: 
· eNB:  G1=15 dBi, 
· NR: G2=7 dBi (to eNB) and G3=5 dBi (to UE)
Transmit power: 

· eNB:  P1=46 dBm, 

· NR:   P2=30 dBm
As a result, the total gain difference between eNB-UE and NR-UE amounts to

D=(-L1+L3)+(G1-G3)+(P1-P2)=12+10+16=38dB

Now, we give an estimate of the coverage area of the possible relay network allowed by the working assumption given in R1-084017, for which it is necessary to assume the most general and least restrictive comparison basis:
· Relay is deployed when NR-UE link is stronger than the eNB-UE link

· Penetration losses experienced by different links are statistically equal

· Antenna pattern for NR=>UE and eNB=>UE is the same

· Shadow fading be ignored by the comparison in the static observation

Should the UE receive the same signal strength from eNB and NodeR, then from log10(R1/R3)=38/37.6, follows a necessary distance ratio of  

R1/R3=10

to make up the 38dB path loss difference. This implies that each NodeR covers about 1% of the cell area. With the assumption that network planning has left 50 percent of the area to be improved by means of relay system, the above analysis indicates that 50 relay stations will be necessary to fulfill the task. The consequence is the following:
1. Interference caused by crowded relay stations

2. Cost of the large amount of equipment
3. Mobility issue 
1.2 Some Issues with eNB-NR Link in R1-084017
One of the important motivations of deploying relay stations is to improve the reception at poor geometry. Therefore, the connection between eNB and NodeR should be made better than eNB-UE link. The assumptions made in R1-084017 shows, however, that
· Path loss difference between eNB-NR and eNB-UE is only 3.6 dB

· NodeR antenna gain for eNB-NR connection is only 7 dB 

This implies an achievable SINR at NodeR about 4~5 dB, hence a rather modest channel rate of 1st hop

1.3 Implied Relay Scenario by R1-084017  

The scenario given by the path loss functions and antenna assumptions implies a possible relay deployment that is characterized by the following features:

· A large number of relay nodes in a cell (cost effective ?)
· Lack of mobility between relay nodes (acceptable by operators ?)
· Moderate data rate due to limited eNB-NR link (meet the purpose of NR ?)
2. Broader Relay Deployment Scenarios

Let us consider a deployment scenario that has more general bearings.

2.1 Relay Nodes Deployment 

Goal 1: We should target at a Relay Scenario that better fits operators’ need
· Deployment of NodeR shall target at high channel rate of eNB -NR connection, which can be achieved by proper selection of operation parameters:
1. NodeR be placed purposely where it is needed

2. NodeR antenna has sufficient height, proper for the purpose of relay deployment.
3. Enough NodeR transmit power and antenna gain

4. Limited number of NodeRs in a cell to save deployment cost, reduce relay induced interference and allow mobility when UE moves between NRs.

Goal 2: The evaluation should deploy sensible path loss models. That means to avoid arbitrary variations and use more prevailed and explainable known models, e.g.  COST-231-Hata.  

2.2 Path Loss Equations
The foundation of our derivation is well known and widely deployed COST-231 Hata model, where the path loss of cellular environment is generally given by
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where:

·  f – center frequency in MHz (1500~2000)

·  
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 – effective height of the base station antenna in meters

·  
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– height of the mobile antenna in meters (1~10)
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 dB for medium-sized cities or suburban centers, 3 dB for 
metropolitan centers

Thus, all three links can be characterized by the same path loss function, denoted as L[eNB-UE], L[eNB.NR] and L[NR-UE], respectively.
Considering that the major difference between an eNB and a NodeR consists in the antenna height, antenna pattern, and power, we start the analysis with the major difference: the antenna height. Assume the ratio between the heights of NR antenna and eNB antenna is 
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 to obtain L[eNB-UE], we also find the relation between the path loss functions of link eNB.NR and of link eNB.UE to be
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Taking into account the backward compatibility, we adopt widely used macro-cell model for eNB-UE link:
 L[eNB-UE] = 128.1 + 37.6 log10(R),    [see TR25.814 by 2GHz]
By specific values f=2GHz, 
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,  we obtain path loss functions for the two hops of the relay station to be
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2.3 NodeR Antennae

In addition to a proper path loss, it is also important to consider directional antenna for the relay station.  Specifically, 
· For eNB-NR connection:

· Narrow beam directional antenna preferred, since
· Fixed NodeR location allows pointing direction optimization by over-the-rooftop antenna

· Reduce the interference to other cells
· Good channel quality with improved the effective channel rate

· Reliable connection to eNB minimizes HARQ retransmissions in the 1st hop, thus reducing the total delay over multiple hops

· 30 degree antenna with gain of 17 dBi can be assumed

· For NR-UE connection

· Moderate beamwidth antenna preferred:

· Not be too narrow as users may be moving and LOS component is not strong in general

· Good coverage of poor geometry users that are not very close to NodeR

· Limit the interference caused by NodeR

· 70 degree antenna with gain of 15 dBi can be assumed

2.4 NodeR Transmit Power

In order to limit the interference and save the operating cost, the transmit power of NodeR should be reduced as much as necessary. Nevertheless, it 
· Should be high enough to cover reasonably far away users in shadow fading environment

· Should be high enough to be able to improve effective rate of multi-hop channels. 
Note that a directional antenna will allow NodeR having enough transmit power without causing significant interference to other cells. 
3.  Conclusions

· Simulation parameters in R1-084026/R1-084017 prefers only a specific relay scenario

· We considered a relay scenario of broader applicability to allow small number of relay nodes and UE mobility

· We recommend including the following parameter values for broader relay scenarios:

· Pathloss models: NodeR-UE: L = 132.3 + 39.6 log10(R)

 

              eNB-NodeR: L = 103.2 + 37.6 log10(R)

· Antenna pattern (gain): to eNB: 30 degree (17 dBi)

 

         
           to UE: 70 degree (15 dBi)

· NodeR transmit power: up to 40 dBm in 10 MHz bandwidth
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