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Introduction

In RAN4 #55 meeting, relay deployment scenarios were discussed for further selection of models and assumptions for co-existence studies.

This contribution consists of an update of the documents presented at RAN4-55 and at the email reflector. In this tdoc, we propose that relay outdoor and indoor scenarios should be included for cell coverage improvement and should be used as a basis for further studies.

Proposal

We propose that the TP below be used to update the Relay TR.
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<<< NEXT CHANGED SECTION>>>
6. System scenario




The main use scenario for relays studied in this TR is illustrated in Figure 6-1. The network consists of both eNodeBs and relay nodes (RN). The network is deployed in a urban environment and the main purposes for the relays are to provide 

a)
coverage extension

b)
indoor coverage and increased data rates in areas with poor performance.
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Figure 6-1 Example of a relay deployment scenario

The Macro network is a typical network using  three-sector site planning over a single carrier. Support for carrier aggregation with relay nodes is FFS. 

The relay nodes are owned and operated by an operator. The relays are located  either indoors or outdoors and there are a few relays per eNodeB. The deployment of the relays is planned to provide coverage in specific areas.. MIMO can be  used both in the access and the backhaul link. 

As the primary function of relay node is for the coverage-improvement, both outdoor and indoor scenarios should be considered. The outdoor relay could be used for cell-edge coverage, and the indoor relay is used for solving indoor dead spot and hot spot scenarios. The probability that a UE is located indoors is TBD. In each Macro cell there are several relay nodes controlled by the same operator Table 6.1 summarize some basic characteristics for further study.

Table 6-1 Possible Parameter Definitions for Relay node Deployments
	Parameter
	Relay node (General)

	Relay antenna height
	5m

	Minimum distance between relay node and eNBs
	>=35m

	Minimum distance between UE and relay node
	Outdoor relay> 10m

	
	Indoor relay >= 3m

	Relays per macro cell
	1 to 5

	Penetration loss (relay to UE)
	Relay with outdoor coverage antenna to UE: 20 dB

	
	Relay with indoor coverage antenna to UE: 0 dB

	Parameter
	Access link

	Antenna Configuration (Relay-UE link)

	Omni-directional,
2 tx , 2 rx antenna ports, or 
4 tx , 4 rx antenna ports

	Parameter
	Backhaul link

	Antenna Configuration (Macro-Relay link)
	Directional 
2 tx , 2 rx antenna ports, or 
4 tx , 4 rx antenna ports


6.1
Coexistence simulation cases

In this subclause 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.

The aggressor network contains eNB, RN and UE nodes, the victim network only contains eNB and UE nodes.

Table 6.1-1 Coexistence simulation cases

	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	Power control

	A
	eNB and 

RN access side
	eNB -> UE
	6.2.1

Case 1
	6.4b
	Case 1

with site planning
	N/A

	B
	UE and 

RN backhaul side
	UE -> eNB
	6.2.1

Case 1
	6.4b
	Case 1

with site planning
	PC1

	C
	UE and 

RN backhaul side
	UE -> eNB
	6.2.1

Case 1
	6.4b
	Case 1

with site planning
	PC2

	D
	eNB and 

RN access side
	eNB -> UE
	6.2.1

Case 1
	6.4a
	Case 1

with site planning
	N/A

	E
	UE and 

RN backhaul side
	UE -> eNB
	6.2.1

Case 1
	6.4a
	Case 1

with site planning
	PC1

	F
	eNB and 

RN access side
	eNB -> UE
	6.2.1

Case 3
	6.4b
	Case 3

with site planning
	N/A

	G
	UE and 

RN backhaul side
	UE -> eNB
	6.2.1

Case 3
	6.4b
	Case 3

with site planning
	PC1

	H
	eNB and 

RN access side
	eNB -> UE
	6.2.1

Case 3
	6.4a
	Case 3

with site planning
	N/A

	I
	UE and 

RN backhaul side
	UE -> eNB
	6.2.1

Case 3
	6.4a
	Case 3

with site planning
	PC1


<The Exact Set of simulations is FFS and needs further agreements>
6.2
System layout

This section describes the deployment used for eNodeB and RN. In all deployments there will be a fixed number [1, 4] of relay nodes per cell.

Table 6.2-1 Possible Parameter Definitions for Macro Network
	Parameter
	Macro Network

	Environment
	Macro cell, Urban (Case1)
Rural area (Case3)

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

	Macro Cell ISD
	a)
Case 1 with an ISD of  500 meters
b)
Case 3 with and ISD of 1.732 km


6.2.1
Uncoordinated macro cellular deployment, RN at cell  edge 

Simulations are performed in the “Uncoordinated macro cellular deployment” described in section 4.4.2.1 of [5].

The RNs are located at [0.5, 1, 1.5] R (cell radius) from from the eNodeB. The RN are evenly spread over an angle of +/- 30 degrees.
The exact distance to use is FFS and needs to be agreed in further meetings. Initally a number of parameters are used. 

The UEs are randomly located over the entire area using a 2D uniform spatial distribution.
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Figure 6.2.1-1 Example of RN deployment. 5 RN per eNB. NOTE: Victim eNB not shown currently
6.2.2
Uncoordinated macro cellular deployment, RN at regular grid

This deployment scenario uses the same assumptions as the deployment scenario in 6.2.1 with the exception that the RN are placed on a regular square grid.

6.2.3
Manhattan grid deployment

Use of Manhattan grid is FFS.

6.3
UE locations

<Text will be added to clarify where the UEs are located and their indoor/outdoor location>


6.4
 Antenna patterns and directions

Table 6.4-1 RN antenna configurations

	
	6.4a
	6.4b [High Priority]
	6.4c [Can be excluded]
	6.4d

	UE Antenna
	According to 6.4.1
	According to 6.4.1
	According to 6.4.1
	According to 6.4.1

	eNB Antenna
	According to 6.4.2
	According to 6.4.2
	According to 6.4.2
	According to 6.4.2

	RN Access Link Antenna Type
	Omnirectional
	Omnirectional
	Directional
	Directional

	RN Access Link Antenna Gain
	5 dBi
	5 dBi
	TBD
	[TBD] dBi

[65] deg

	RN Access Link Antenna Height
	5 m
	5 m
	TBD
	20 m

	RN Backhaul Link Antenna Type
	Omnirectional
	Directional
	Omnirectional
	Directional

	RN Backhaul Link Antenna Gain
	5 dBi
	[7, 15] dBi

[65] deg
	5 dBi
	[15,20] dBi

[65] deg

	RN Backhaul Link Antenna Height
	5 m
	5 m
	5 m
	20 m


Study area: How would the case with omnidirectional backhaul work. Do we need a separate ACLR/ACS spec/class?
6.4.1
UE antenna

The UE antenna is modelled as an omnidirectional antenna with 0 dBi gain. Antenna height is [1.5] m.

6.4.2
eNB antenna

The model for the eNB antenna is the same used in [5]. The eNB antenna has the following horizontal pattern:
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 is the 3dB beam width which corresponds to 65 degrees, and 
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 is the maximum attenuation.

The antenna height is 30 m and the gain is 15dBi including feeder losses corresponding to the urban scenario for 2GHz  in [5].
6.4.3
RN access link antenna

If the RN to UE antenna in the access link is modelled as a directional antenna the gain will be 15 dBi and the antenna height will be modelled as 5 m. 

If the RN to UE antenna in the access link is modelled as an omni-directional antenna the gain will be 5 dBi and the antenna height will be modelled as 5 m. 

6.4.4
RN backhaul link antenna

Two cases are considered:

Case 1: One antenna RN. The same antenna is used as the omni-directional RN access link antenna.

Case 2: Two antennas, The antenna in the backhaul link is modelled with the following pattern:
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 is the 3dB beam width which corresponds to 70 degrees, and 
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 is the maximum attenuation. The antenna is directed at the donor eNB.

The antenna height is 5 m and the gain is [7] dBi including feeder losses.
6.5
Propagation models

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 to use 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

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)

MCL is: [65] dB 
<Additional calculations and studies are needed to ensure the correctness of the value for the MCL parameter>
Lognormal shadowing standard deviation: 6 dB

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.

<An additional variant using LOS will be added>
6.5.1.3 Relay-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: [45,53] dB [4]

Lognormal shadowing standard deviation: 10 dB

6.5.1.4 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, and Macro-UE 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).

6.5.2 Case 3: ISD of 1.732 km

This subsection lists the propagation models to use 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

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)

MCL is: [75] dB

Lognormal shadowing standard deviation: 6 dB

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.

<An additional variant using LOS will be added> 
6.5.2.3 Relay-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: 53 dB [4]

Lognormal shadowing standard deviation: 10 dB

6.5.2.4 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, and Macro-UE 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).
6.6
Power control

The Rel 8 power control algorithm is employed for the backhaul uplink from the RN to the eNB as well as for the access uplink from the UE to the RN. As defined in TS36.942, section 5.1.1.6 [5], the following power control equation should be used for the initial uplink co-existence simulations with RNs:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs or RNs with good channels to transmit at very low power level, PL is the path loss for the UE or RN  and PLx-ile is the x-percentile path loss (plus shadowing) value. With this power control equation, the x percent of UEs or RNs that have the highest pathloss will transmit at Pmax.  Finally, 0<γ<=1 is the balancing factor for UEs or RNs with a bad channel and UEs or RNs with a good channel. Values for Pmax and  are gigen in table 6.6-1.

The eNB and RN in the access link is always transmitting at maximum power.

Table 6.6-1: Transmit power ranges for the links

	Node / Link
	Minumum power

Pmin [dBm]
	Maximum Power

Pmax [dBm]

	eNodeB
	N/A
	46

	RN backhaul
	[-54]
	[23,30]

	RN access
	N/A
	[30]

	UE
	-40
	23


Both parameter sets 1 and 2 as defined for power control in table 6.6-2 should be considered for use in both the backhaul and access uplinks. All RNs and UEs use the same power control set both in the aggressor and victim network.

Table 6.6-2: Power control algorithm parameter

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	[109]
	[110]
	[112]
	[115]

	Set 2
	0,8
	[TBD]
	[TBD]
	[129]
	[133]


6.7 Probability node transmissions
<Text will be added>
6.8 Interference

The amount of interference caused by a system in the adjacent channel is defined by the Adjacent Channel Leakage power Ratio (ACLR) of the aggressor system and the Adjacent Channel Selectivity (ACS) of the victim system. Together with ACS, the ACLR defines the Adjacent Channel Interference Ratio (ACIR) as
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This relation and its application rely on identical assumed reference bandwidths in the ACLR and ACS definitions. If aggressor and victim have different reference bandwidths, both ACLR and ACS definitions have to account for exactly those bandwidths. This becomes more complex when there are different systems involved or the bandwidth of a system is flexible as in E-UTRA.

For coexistence purposes the same channel bandwidth is selected for both the aggressor and victim system. The selected bandwidth is 10 MHz.

The eNB and the RN access link is assumed to transmit at the full bandwidth. Thus the ACIR is the same for all allocations. It is assumes the the ACLR of the access link of the RN is significantly better than the ACS of a UE.  The UE ACS is specified as 33 dB in 36.101 [6]. The ACIR values to be used for downlinks are listed in Table 6.8-1.

Table 6.8-1 ACIR Downlink
	Transmitter

	Receiver

	
	RN
	UE

	eNB
	30+X (adjacent) or

43+X
	N/A

	RN
	30 (adjacent)

43
	30 (adjacent)

43


In the uplink the transmissions are split into 1/3 of the channel BW. For transmissions in adjacent blocks the value in Table 6.8-2 marked “adjacent” apply, otherwise the other value applies. It is assumed that the ACLR of the UE transmitter is dominating over the RN receiver selectivity.

Table 6.8-2 ACIR Uplink
	Transmitter
	Receiver

	
	eNB
	RN

	RN
	30+X (adjacent) or

43+X
	N/A

	UE
	30 (adjacent)

43
	30 (adjacent)

43


6.9
Performance measures

The standard shifted truncated Shannon limits defined in Annex A.2 of TS36.942 [5] are employed as the benchmark against which the co-existence performance of relay nodes is to be evaluated.

The following equations approximate the throughput over a channel with a given SNR, when using link adaptation:
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Where:
S(SNIR) is the Shannon bound: 
S(SNIR) = log2(1+SNIR)  bps/Hz

(



Attenuation factor, representing implementation losses

SNRMIN  
Minimum SNIR of the codeset, dB

ThrMAX 
Maximum throughput of the codeset, bps/Hz

SNIRMAX  SNIR at which max throughput is reached S-1(ThrMAX), dB

The parameters α, SNRMIN and THRMAX can be chosen to represent different modem implementations and link conditions. The parameters Table 6.9.1 represent a baseline case, which assumes: 

-
1:2 antenna configurations

-
Typical Urban fast fading channel model (10kmph DL, 3kmph UL) 

-
Link Adaptation 

-
Channel prediction

-
HARQ

Table 6.9-1 Parameters describing baseline Link Level performance for E-UTRA Co-existence simulations
	Parameter
	DL
	UL
	Notes

	α, attenuation 
	0.6
	0.4
	Represents implementation losses

	SNIRMIN, dB

	10

	10

	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL)

	ThruMAX, bps/Hz
	4.4
	2.0
	Based on 64QAM 4/5 (DL) & 16QAM 3/4 (UL)


Table 6.9-1 illustrates the parameters for the baseline E-UTRA DL and UL. Table 6.9-2 shows the resulting look up table, which is plotted in Figure 6.9-1. Table 6.9-2 gives throughput in terms of spectral efficiency (bps per Hz).
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Figure 6.9-1 Throughput vs SNR for Baseline E-UTRA Coexistence Studies
Table 6.9-2 Look-Up-Table of UL and DL Throughput vs. SNIR for Baseline E-UTRA Coexistence Studies
	SNIR

[dB]
	Throughput 

[bps/Hz]

	
	DL
	UL

	-11
	0
	0

	-10
	0.08
	0.06

	-9
	0.10
	0.07

	-8
	0.13
	0.08

	-7
	0.16
	0.10

	-6
	0.19
	0.13

	-5
	0.24
	0.16

	-4
	0.29
	0.19

	-3
	0.35
	0.23

	-2
	0.42
	0.28

	-1
	0.51
	0.34

	0
	0.60
	0.40

	1
	0.71
	0.47

	2
	0.82
	0.55

	3
	0.95
	0.63

	4
	1.09
	0.72

	5
	1.23
	0.82

	6
	1.39
	0.93

	7
	1.55
	1.04

	8
	1.72
	1.15

	9
	1.90
	1.26

	10
	2.08
	1.38

	11
	2.26
	1.51

	12
	2.44
	1.63

	13
	2.63
	1.76

	14
	2.82
	1.88

	15
	3.02
	2.00

	16
	3.21
	2.00

	17
	3.41
	2.00

	18
	3.60
	2.00

	19
	3.80
	2.00

	20
	3.99
	2.00

	21
	4.19
	2.00

	22
	4.39
	2.00

	23
	4.40
	2.00
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