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1 Introduction
The Relay coexistence study has been discussed among interesting companies. In the last meeting, some simulation results [3]~[10] were submitted ,collected and summarized in the spread sheet[2].  There was a big difference in the simulation results. One of the possible reasons is the uncertainty of timing relationship in Relay Node.  To get over this uncertainty, for example, we can consider a timing relationship between a backhaul link and an access link between the cells including Relay Nodes.  Considering the realistic timing relationship, it is possible that one cell transmits in the uplink backhaul and another cell transmits in the uplink access simultaneously. Downlink case has the same aspect as uplink. To narrow down the gap of the simulation results, the simulation assumptions need to be described clearly. This contribution provides 4 simple examples in the relay coexistence study and point out that the Relay-to-Relay link is necessary. Based on these findings, we propose the related Text Proposal.  
2 Discussion
The scenarios of relay coexistence are roughly simplified into 4 cases as follows.
· Relay Node in Aggressor & DL

· Relay Node in Aggressor & UL

· Relay Node in Victim & DL

· Relay Node in Victim & UL

Each case is the scenario to determine the Relay Node ACLR for access link, Relay Node ACLR for backhaul link, Relay Node ACS for backhaul and Relay Node ACS for access link, respectively. Each case is described in detail in Figure 2.1(a),(b),(c) and (d). In Figure 2.1, Ixy represents interference and y is interference source, i.e. aggressor or victim and x is interference number in the same source. 
Case 1 : Relay Node in Aggressor & DL

In Figure2.1(a), two interference links from aggressor system such as aggressor MeNB to victim UE(I1A) and aggressor access RN to victim UE(I2A)  can operate simultaneously (asynchronized RNs) or at different time(synchronized RNs). Asynchronized RNs are more realistic scenario compared to the synchronized RNs. And it is more realistic that the ratio of transmitting backhaul link of active RN or access link of active RN is 50%.
Case 2 : Relay Node in Aggressor & UL

In Figure2.1(b), three interference links from aggressor system, aggressor Relay UE to victim MeNB(I1A), aggressor backhaul RN to victim MeNB(I2A) and aggressor Macro UE to victim MeNB(I3A) can operate simultaneously(asynchronized RNs) or at different time(synchronized RNs). Asynchronized RNs are more realistic than synchronized RNs. And it is more realistic that the ratio of transmitting backhaul link of active RN or access link of active RN is 50%.
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(a) Relay Node in Aggressor & DL (b) Relay Node in Aggressor & UL

(c) Relay Node in Victim & DL (d) Relay Node in Victim & UL


Figure 2-1. Relay Node in Aggressor/Victim  
Case 3 : Relay Node in Victim & DL

In Figure2.1(c), two interference links from victim system, victim MeNB to victim backhaul RN(I1V) and victim access RN to victim backhaul RN(I2V)  can exist at same time(asynchronized RNs) or at different time(synchronized RNs). Asynchronized RNs are more realistic than synchronized RNs. And it is more realistic that the ratio of transmitting backhaul link of active RN or access link of active RN is 50%. There is a Relay-to-Relay link in the interference link, however, problem is that the corresponding propagation model is not defined yet. This Relay-to-Relay link can be separated into 2 types as follows.

· Outdoor victim access RN(5m) to outdoor victim backhaul RN(5m)
· Thru-wall victim access RN(2.5m) to thru-wall victim backhaul RN(5m)
 In the aspects of antenna height, thru-wall Relay-to-Relay link is similar to Relay-to-UE link so that the propagation model of a Relay-to-UE link can be reused. Outdoor Relay-to-Relay link case is not similar to Relay-to-UE link case, however, there is no  big difference. It seems to be an alternative to reuse the propagation model of Relay-to-UE link.
Case 4 : Relay Node in Victim & UL

In Figure2.1(d), three interference links from victim system, victim Relay UE to victim access RN(I1V), victim backhaul RN to victim access RN(I2V) and victim Macro UE to victim access RN(I3V) can exist at same time(asynchronized RNs) or at different time(synchronized RNs). Asynchronized RNs are more realistic than synchronized RNs. And it is more realistic that the ratio of transmitting backhaul link of active RN or access link of active RN is 50%. There is a Relay-to-Relay link in interference link, however, a problem is that the corresponded propagation model hasn’t been defined yet. This Relay-to-Relay link can be separated 2 types as follows.
· Outdoor victim backhaul RN(5m) to outdoor victim access RN(5m)

· Thru-wall victim backhaul RN(2.5m) to thru-wall victim access RN(5m)

In the aspects of antenna height, thru-wall Relay-to-Relay link is similar to Relay-to-UE link so that the propagation model of a Relay-to-UE link can be reused. In case of outdoor Relay-to-Relay link, it isn’t similar to Relay-to-UE link, however, there is not a big difference. It seems to be an alternative to reuse the propagation model of Relay-to-UE link.
3 Conclusion
In order to describe the simulation assumptions clearly and narrow down the simulation results, it is necessary to clarify the timing relationship of active RNs. Asynchronized RNs are more realistic scenarios than those with synchronized RNs. And in case of including RN in victim system, Relay-to-Relay interference exists. To reflect this link and to get more exact simulation results, the related propagation model must also be defined. Therefore we propose two simulation assumptions.  Based on these proposals, we provide text proposal including our findings discussed in this contribution.

Proposal 1 : It is assumed that all active RNs are asynchronized except for intra-cell and the ratio of transmitting backhaul link of each active RN or access link of each active RN is 50%.
Proposal 2 : For Relay-to-Relay link, the propagation model of Relay-to-UE link is reused. 
4 Text Proposal 
---------------------------------------------- Changed TP Start ----------------------------------------------------
6.1
Coexistence simulation cases

In this sub-clause the simulation cases for coexistence studies are outlined.

Systems using relays is different from previously performed coexistence studies in the sense that there are different kinds of nodes that cause interference and that are impacted. In Table 6.1-1 the aggressor links and victim links are listed.

Both the aggressor and the victim networks contain eNB, RN and UE nodes.

It is assumed that all active RNs are asynchronized except for intra-cell and the ratio of transmitting backhaul link of each active RN or access link of each active RN is 50%
---------------------------------------------- Changed TP End ----------------------------------------------------

---------------------------------------------- Changed TP Start ----------------------------------------------------

6.5 Propagation Models and MCL
In this section, the carrier frequency is assumed to be 2GHz carrier frequency, and R is in km. 

6.5.1 Case 1: ISD of 500 meters

This subsection lists the propagation models and MCL values to be used for the links in a system with a Case 1 ISD of 500 meters

6.5.1.1 Macro-UE link

LOS scenario: PLLOS(R)= 103.4+24.2log10(R)

NLOS scenario: PLNLOS(R)= 131.1+42.8log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

MCL is: 70 dB [5] 

Lognormal shadowing standard deviation: 10 dB

In case of an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

6.5.1.2 Macro-Relay link

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

In case of an indoor Relay, an additional wall penetration loss of [18] dB has to be considered.

With site planning

As the RNs are controlled by the operators, they can do site planning such that the LOS probability between donor- eNB and RNs are maximized in order to increase the throughput/coverage for the backhaul link. Even if the link between the donor-eNB and RN is NLOS, the operators can still do site planning in order to improve the shadowing of the propagation channel. Below are the adjustments on LOS probability and lognormal shadowing when site planning is conducted by the operators [3]:

For LOS: PLLOS (R)

For NLOS: PLNLOS (R)-B, where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

LOS Probability function: [1-(1- Prob(R))^N, ] where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.

Free Space scenario: PLFS(R)= 98.4+20log10(R). 

<Note that the free space scenario is particularly interesting for receiver blocking, where there is a free space path between the relay and the interfered eNB and a NLOS path between the relay and the serving eNB.>

MCL is: (70 dB – GBH) dB, where GBH is the relay backhaul antenna gain.

Note that the MCL values given in this section are used for relay coexistence study only.

Lognormal shadowing standard deviation: 6 dB

6.5.1.3 Outdoor Relay access antenna-UE link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)
NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

MCL is: (64 – GAC) dB for outdoor deployments of the access antenna [4] , where GAC is the relay access antenna gain.
Lognormal shadowing standard deviation: 10 dB

In case of an outdoor Relay and an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

6.5.1.4 Indoor Relay access antenna – UE link

Indoor relay access antennas are assumed to be deployed in apartment clusters outlined in sub-clause 6.2.4.2.

Relay to UEs inside the same cluster: L= 127+30log10(R)

Relay to UEs in different clusters: L= 128.1+37.6log10(R)

Note that the number of floors in the path is assumed to be 0.

MCL is: (50 – GAC) dB for indoor deployments of the access antenna [4], where GAC is the relay access antenna gain.

Lognormal shadowing standard deviation: 10 dB for link between relay and relay UE, and 8dB for other links
The penetration loss of the wall separating apartments is 5dB.
6.5.1.5 Outdoor Relay access antenna-Outdoor Relay backhaul antenna link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)
NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

MCL is: (64 – GAC – GBH) dB for outdoor deployments , where GAC is the relay access antenna gain and GBH is the relay backhaul antenna gain.
Lognormal shadowing standard deviation: 10 dB

6.5.1.6 Thru-wall Relay access antenna-Thru-wall Relay backhaul antenna link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)
NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

MCL is: (64 – GAC – GBH) dB for outdoor deployments , where GAC is the relay access antenna gain and GBH is the relay backhaul antenna gain.
Lognormal shadowing standard deviation: 10 dB

An additional wall penetration loss of [18] dB has to be considered.

6.5.1.7 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, Macro-UE link and Relay-Relay link respectively), a shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used. Furthermore, no correlation is assumed for shadowing between different types of link (i.e. Macro-Relay and Relay-UE, Macro-Relay and Macro-UE, Relay-UE and Macro-UE, Macro-Relay and Relay-Relay, Relay-UE and Relay-Relay, Macro-UE and Relay-Relay).

6.5.2 Case 3: ISD of 1.732 km

This subsection lists the propagation models and MCL values to be used for the links in a system with a Case 3 ISD of 1.732 km

6.5.2.1 Macro-UE link

LOS scenario: PLLOS (R)= 103.4+24.2log10(R)

NLOS scenario: PLNLOS (R)= 131.1+42.8log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.0)

MCL is: 80 dB [5]

Lognormal shadowing standard deviation: 10 dB

In case of an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

6.5.2.2 Macro-Relay link

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.15)

In case of an indoor Relay, an additional wall penetration loss of [18] dB has to be considered.

With site planning

As the RNs are controlled by the operators, they can do site planning such that the LOS probability between donor- eNB and RNs are maximized in order to increase the throughput/coverage for the backhaul link. Even if the link between the donor-eNB and RN is NLOS, the operators can still do site planning in order to improve the shadowing of the propagation channel. Below are the adjustments on LOS probability and lognormal shadowing when site planning is conducted by the operators [3]:

For LOS: PLLOS (R)

For NLOS: PLNLOS (R)-B, where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

LOS Probability function: [1-(1- Prob(R))^N,] where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.

Free Space scenario: PLFS(R)= 98.4+20log10(R)

<Note that the free space scenario is particularly interesting for receiver blocking, where there is a free space path between the relay and the interfered eNB and a NLOS path between the relay and the serving eNB.>

MCL is: (80 – GBH) dB , where GBH is the relay backhaul antenna gain.

Note that the MCL values given in this section are used for relay coexistence study only.

Lognormal shadowing standard deviation: 6 dB

6.5.2.3 Outdoor Relay access antenna-UE link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)

NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

MCL is: (64 – GAC) dB [4] , where GAC is the relay access antenna gain.

Lognormal shadowing standard deviation: 10 dB

In case of an outdoor Relay and an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

In case of both indoor Relay and UE in NLOS, an additional wall penetration loss of [7] dB has to be considered.

6.5.2.4 Indoor Relay access antenna – UE link

The same propagation model as in sub-clause 6.5.1.4 applies.
6.5.2.5 Outdoor Relay access antenna-Outdoor Relay backhaul antenna link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)

NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

MCL is: (64 – GAC– GBH) dB , where GAC is the relay access antenna gain and GGH is the relay backhaul antenna gain.

Lognormal shadowing standard deviation: 10 dB

6.5.2.6 Thru-wall Relay access antenna-Thru-wall Relay backhaul antenna  ink

LOS scenario: PLLOS (R)=103.8+20.9log10(R)

NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

MCL is: (64 – GAC– GBH) dB , where GAC is the relay access antenna gain and GGH is the relay backhaul antenna gain.

Lognormal shadowing standard deviation: 10 dB

An additional wall penetration loss of [18] dB has to be considered.

6.5.2.7 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, Macro-UE link and Relay-Relay link respectively), a shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used. Furthermore, no correlation is assumed for shadowing between different types of link (i.e. Macro-Relay and Relay-UE, Macro-Relay and Macro-UE, Relay-UE and Macro-UE, Macro-Relay and Relay-Relay, Relay-UE and Relay-Relay, Macro-UE and Relay-Relay).

---------------------------------------------- Changed TP End ----------------------------------------------------
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