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1 Introduction
In RP#46, RAN approved a work item on relays [1] and specified work for the different working groups. It is suggested that the co-existence studies are necessary to derive the radio parameters and requirements [2-4]. Therefore in this contribution we discussed co-existence scenarios to be study for relay and other system. and potential interference issues. Although only Type 1 Relay will be considered in Rel.10, the same RF issues exist for other Relay type as well.
2 Discussion
2.1 Purpose

Relaying is considered for LTE-Advanced as a tool to improve cell coverage and cell-edge throughput. When relay nodes are deployed to Macro cells, this would be a different co-existence deployment scenario, comparing with scenarios studied in TR 36.942. This is due to relays' specific configurations. Therefore the purpose of coexistence study is to evaluate relay node RF core requirement (such as maximum output power, ACLR, ACS) for both backhaul and access link under the condition that the current ACLR and ACS of E-UTRA BS and UE are unchanged.
2.2 Methodology
In section 2.2.1 and 2.2.2, we discuss co-existence scenarios for both access and backhaul link, respectively. As eNB-to-relay link (backhaul link) operates in the same frequency spectrum as the relay-to-UE link (access link), the transmission over backhaul and access links take place in TDM model. We assume that the adjacent bands of two operators both have (macro) eNB and relays in their network layouts in order to evaluate both ACLR and ACS of the relay node. Meanwhile, the two operators are synchronized, namely they are in access link or in backhaul link at the same time, thus the adjacent channel interference was generated by access link controlled by the other operator in the first case, and backhaul link belonging to the other operator in the second one.

2.2.1 Access link
· Downlink

Fig 1 is an illustration for access downlink coexistence scenario (only inter-system interference is shown for simplicity and the same for the rest figures). The total interference received by the victim UE which either connects to its service eNB or relay could be expressed as:
Victim UE received interference 
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  Equation (1)
In Equation (1), the first item represents co-channel interference from the intra-cell. For victim UE of the direct link (connected to eNB), it could suffer interference from relays of the same cell, and for victim UE of the access link (connected to relay), it could suffer interference from the donor eNB and other relays of the same cell.
The second item is the intra-system interference (co-channel) coming from eNBs and relays of adjacent cells.

The third and the fourth one are adjacent channel interference coming from eNBs and relays of adjacent operator, respectively.
Therefore, besides the adjacent channel interference from aggressor eNB, the victim UEs would receive additional interference coming from aggressor relays. Especially, when victim UEs are near the aggressor relay, the interference would be more severe. Simulation would be necessary to investigate the interference caused by aggressor system (eNB + relay) in order to evaluate relay ACLR in access link.

The criterion is: for a given value of
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, the obtained DL throughput of the direct & access link in the presence of multi-operators is compared to the DL throughput of the direct & access link with no aggressor system to evaluate the throughput loss. It would be expressed as:
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Fig 1.Access downlink coexistence scenario

[image: image4.png]— signal @direct link)
— signal (access link)

— interference

y:)

eNB



                                        

               Aggressor system               Victim system
· Uplink

Fig 2 shows the access uplink coexistence scenario. The total interference received by the victim relay could be expressed as:
Victim relay received interference 
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   Equation (2)
In Equation (2), the first item is co-channel interference from the intra-cell. For victim relay, it could suffer interference from UEs connected to eNB and UEs connected to other relays within the same cell. 
The second item is intra-system interference coming from active UEs of the adjacent cells.

The last one is inter-system interference coming from active UEs of adjacent operator. 
Simulation would be needed in order to evaluate relay ACS in access link. And the criterion is: for a given value of
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, which is determined by UE ACLR and RN ACS (access link), the obtained UL throughput of the access link in the presence of multi-operators is compared to the UL throughput of the access link with no aggressor system to evaluate the throughput loss and it would be expressed as:
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   (95% for example)
Fig 2 Access uplink coexistence scenario
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2.2.2 Backhaul link
· Downlink
For backhaul downlink coexistence scenario, shown in Fig3, the total interference received by victim relay is considered.
Victim relay received interference 
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     Equation (3)
In Equation (3), the first item is intra-system interference (co-channel) coming from eNBs of the adjacent cells.

The second one represents inter-system interference (adjacent channel) coming from eNBs of the adjacent operator. It could be foresee that the eNBs from the adjacent operator could cause large interference to the nearby victim relays because of:

1) Path loss model
The antenna height of relay is 5/10m, which makes eNB-to-relay link has higher probability of LOS, thus the pathloss between eNB-to-relay reduces.
2) The involved power: (10MHz) eNB Tx power is 46dBm.
Thus simulation would be needed in order to evaluate relay ACS in backhaul link. And the criterion is: for a given value of
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, which is determined by eNB ACLR and RN ACS (backhaul link), the obtained DL throughput of the backhaul link in the presence of aggressor system is compared to the DL throughput of backhaul link with no aggressor system to evaluate the throughput loss. It would be expressed as:
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Fig 3 Backhaul downlink coexistence scenario
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Fig 4 is an illustration for backhaul uplink coexistence scenario. The total interference received by victim eNB is considered.
Victim eNB received interference 
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   Equation (4)
The first item is intra-system interference (co-channel) coming from active UEs and relays of the adjacent cells. The second and the third one are inter-system interference (adjacent channel) coming from active relays and UEs of the aggressor system, respectively. 
Some factors showed below may make the simulation result differ from the uplink coexistence in TR 36.942.
1)  Relay maximum output power

Relay is allowed to transmit higher power ([30dBm] assumed) than a normal UE.
2) Path loss model
The antenna height of relay is 5m/10m, which is higher than normal UE (1.5m). Therefore the relay-to-eNB link has higher probability of LOS and better channel condition than UE-to-eNB link, which makes relay-to-eNB transmission more similar to eNB-to-eNB, and the pathloss between eNB-to-relay reduces.
3) Power Control (PC) scheme

PC scheme for relay backhaul link has not been discussed yet, however, as relay backhaul link shall have to support higher throughput performance than a normal UE, it may define a different set of PC parameters in order to allow relay transmit at higher power and improve backhaul link quality. Therefore relay backhaul link could cause higher interference to victim system than a normal "UE".  

4) Cell layout

Beside uncoordinated network layout, coexistence simulation for coordinated network scenario should be investigated as well. This is because the relay backhaul antenna is directional radiation pattern, pointing to its donor eNB. Therefore the interference level might be higher when eNBs of the victim and aggressor system are co-located.

Considering the above factors, the ACLR requirement for relay backhaul link might need careful analysis in order to satisfy coexistence requirement. The criterion is: for a given value of
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, determined by relay ACLR (backhaul link) and eNB ACS, the obtained UL throughput of the backhaul and direct link in the presence of aggressor system is compared to the UL throughput of backhaul and direct link with no aggressor system to evaluate the throughput loss. It would be expressed as:
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Fig 4.Backhaul uplink coexistence scenario
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2.3 Simulation assumptions and models
We propose that co-existence methodology and assumptions could be based on TR 36.942, some parameters related to relay, such as relay number per macro cell, maximum Tx power, antenna configurations and path-loss model could reuse those defined in TR 36.814 for heterogeneous network [5]. Annex A summarizes some basic characteristics for relay coexistence study.
2.4 Simulation Cases

As discussed in the section 2.1, the co-existence between E-UTRA (with relays) and E-UTRA (with relays) in urban and rural area is considered as important and priority simulation scenarios. The following simulation cases need to be performed:

Table 1 Summary of simulation scenarios
	Scenario #
	Link status
	Aggressor
	Victim
	Simulation frequency
	Environment
	Priority

	1
	Access DL
	Relay, eNB
	UE
	2000 MHz
	Urban/ Rural
	High

	2
	Access UL
	UE
	relay
	2000 MHz
	Urban/ Rural
	High

	3
	Backhaul DL
	eNB
	relay
	2000 MHz
	Urban/ Rural
	High

	4
	Backhaul UL
	Relay, UE
	eNB
	2000MHz
	Urban/ Rural
	High


For each simulation case, the simulation results will be presented in the same way as defined in TR36.942 for E-UTRA, which is the network UL/DL throughput loss as function of ACIR. By considering that the ACLR and ACS of E-UTRA BS and UE are known, the ACLR and ACS of relay access and backhaul link can be derived from the simulation results for co-existence cases. 
3 Conclusion

In this tdoc, we discussed relay coexistence scenarios, and 4 prioritized scenarios which are classified by system link status are proposed in order to derive the ACLR and ACS of relay access and backhaul link, respectively. Some assumptions and models for coexistence simulation are listed in Annex A for further discussion. 
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Annex A. Coexistence simulation assumptions
	Parameter
	Common

	Environment
	Macro cell, Urban/Rural area, Uncoordinated/Coordinated deployment

	Carrier frequency
	2000 MHz

	Macro Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors with BTS in the corner of the cell

	Relays per macro-cell
	1, 2, 4 or 10

	Relay distribution
	Relays dropped uniformly in entire macro cell and the minimum distance from the cell edge is 50m

	Minimum distance between any two relays
	100m

	BTS antenna gain(including feeder loss)
	15 dBi

	BTS antenna height
	30 m

	Inter-site distance
	750 m

	Shadowing standard deviation
	Macro to RN: 6 dB
RN to UE: 10 dB

	Penetration Loss
	Macro to RN: 0 dB
RN to UE:  20 dB

	Distance-dependent path loss for macro to UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R), for 2GHz, R in km.
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Distance-dependent 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.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Note1: 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.
Note2: LOS probability: 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.
Note3: If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.

	Distance-dependent path loss for relay to UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R),for 2GHz, R in km

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Antenna pattern for macro eNBs to Relays/UEs (horizontal)
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	Handover margin
	3 dB

	Shadowing correlation
	Between cells: 0.5, Between sectors: 1.0

	white noise power density
	-174 dBm/Hz

	BTS Noise figure
	5 dB

	Scheduling algorithm
	Round Robin

	Parameter
	Relay Access link

	Maximum Tx power
	30 dBm @ 10 MHz bandwidth 

	relay antenna height
	5m/10m

	Antenna Configuration
	Omni-directional 

	Parameter
	Relay backhaul link

	Maximum Tx power
	30 dBm @ 10 MHz bandwidth 

	relay antenna height
	5m/10m

	Antenna Configuration
	Directional,
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2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports

	Parameter
	UE (LTE)

	UE max Tx power
	23 dBm

	UE min Tx power
	-40 dBm

	Power control algorithm
	Fractional TPC

	UE Noise figure
	9dB

	P0PUSCH
	-101.0 dBm (TPC set1), -92.24 dBm (TCP set 2)

	alpha
	1.0 (TPC set 1), 0.8 (TPC set 2)

	Traffic model
	full-buffer

	Resource Block (RB) size
	180kHz, total: 50 RBs (48 RBs)

	RB number per active UEs
	16 RBs

	Link simulation interface
	Attenuated and truncated form of the Shannon bound in TR36.942.doc
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