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Introduction
Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements [1]. 

We consider a simple two hop scenario where RNs are deployed close to the cell border of the eNB; this deployment allows three different types of links, as can be seen in Figure 1.  By direct link we refer to the connection between eNB and UE, the relay link is carried out between eNB and RN, and the term access link is used for the link between RN and UE.
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Figure 1: 2-hop relay deployment.

Since indoor users are considered, a penetration loss of 20 dB has been applied to the direct and access link but not to the relay link because relays are expected to be deployed outdoor. The eNB/RN selection is performed as usual by the UEs on the basis of highest received signal power in the downlink.

The distance dependent path loss for these links is described in [2]. In this document we present the characteristics of the access link (RN-UE) that should be taken into account to properly model this link. For the discussion on the relay link (eNB-RN) we refer to [4].
Relay node to UE link
The distance dependent path loss for relay and access links is presented in [2] and reported in the following table for 2GHz. The relay link is based on the model defined in [3] adapted for a RN height of 5m, while the access link is based on the non-LOS ITU-R Urban Micro model. The path loss equation for the direct link is well known from [3]. 
Table 1: Distance dependent path loss.

	Link
	Path loss
	Shadow fading

	eNB-RN (relay)
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	RN-UE (access)
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	eNB-UE (direct)
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Assuming path loss equations in the table above the coverage area of each RN is expected to be small, the radius is about 25m for ISD 500m and 90m for ISD 1732; hence, a high number of RNs are needed to serve a significant fraction of the UEs at the cell border that experience very low SINR. However, if UEs are close to RNs the probability that most of them are in LOS conditions increases significantly; hence, the assumption of considering exclusively a non-LOS link in [2] needs to be revised. In this document, we mainly want to point out the need for such a modification and the motivation for it. Several proposals have already been submitted in previous RAN1 meetings; the model to be proposed needs further discussion [6]

 REF _Ref220743518 \r \h 
[7]. The simplest approach of capturing such a channel behavior would be to give a bonus to the path loss calculation at short distance.
In order to avoid potential misunderstandings: as we consider propagation to an indoor UE, the UE will never strictly speaking experience a LOS channel to the RN, this is captured by applying the penetration loss. What we discuss here is the channel model to be applied to determine the path loss towards the building before adding the penetration loss, and this may well be a LOS channel, or at least a channel that only comprises a single (or few) reflection(s) on its path and, thus, suffers only a lower path loss than the channel assumed in [2] that basically considers propagation via diffraction over roof-tops. The latter assumption will, however, become a better description of the channel at higher distances, when the propagation along streets gets more heavily attenuated due to multiple reflections.
If the relay to UE channel model is not properly designed, the basic performance evaluation of relay deployment (i.e. preliminary studies without resource partitioning, etc.) is not affected; only a higher number of RNs is required to obtain the same coverage (see also [5] for more details). However, an inappropriate assumption may also cause false conclusions and irrelevant optimizations, e.g. on the resource partitioning and other schemes and procedures; we, therefore, suggest to take a more realistic channel model into account to ensure a proper RRM design which is not unnecessarily complex.
Further more, a too small assumption on the coverage area of relays would also give a false impression about the number of relays necessary to achieve a desired network performance gain. 

Conclusion

In this document, we have discussed that if the channel model for the access link (RN-UE) does not sufficiently take the characteristics at short distances into account, in particular if the LOS propagation is neglected, it may have an undesirable bias on the design and the complexity of RRM (resource partitioning schemes, handover procedures, etc.) in relay based deployment, as well give an incorrect picture in general. 
Therefore, we propose that the current assumption on the distance dependent path loss in [2] needs to be revised in order to take into account that UEs served by RNs experience LOS connections with high probability at low distance. The model to be assumed needs further discussion. Our preference would be to pick a model that is well aligned in methodology to the currently used models and, in particular, captures a reduced path loss at low distance to the RN in an easy way. The easiest way is to apply a bonus for low distances in the path loss formula; more elaborate models could be considered if proven to be necessary.
Note that the above considerations are also valid for RRH/Hotzone, therefore, also the corresponding distance dependent path loss model needs to be revised accordingly. 

Text Proposal for TR 36.814
-------------------------- Start of text proposal --------------------------
A.2.1.1.2
Heterogeneous deployments
Heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. A subset of the macro-cell layouts described in section A.2.1.1.1 could be used for heterogeneous network deployments evaluation. For calibration purpose, the following cases should be used

· Case 1

· Case 3

· Rural/high speed

To assess the benefit of adding low-power nodes to become a heterogeneous network, performance comparison should be made to homogeneous macro-cell only deployment. 

The categorization of the low power nodes is as described in Table A.2.1.1.2-1. 

Table A.2.1.1.2-1. Categorization of new nodes

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH) cells
	Several µs latency to macro
	Open to all UEs
	Placed outdoors

	Hotzone cells
	X2
	Open to all UEs
	Placed outdoors

	Femto cells
	FFS
	Closed Subscriber Group (CSG)
	Placed indoors

	Relay nodes
	Through air-interface with a macro-cell (for in-band RN case)
	Open to all UEs
	Placed outdoors



Note: The reference to Femto cells in this TR and its corresponding characteristics is applicable to evaluations in this TR only. 

Table A.2.1.1.2-2 presents the baseline parameters for initial evaluations in heterogeneous networks. More detailed modelling of new nodes propagation and channel model based on IMT.EVAL should be considered for performance evaluation at a later stage. 

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

	
	RRH / Hotzone
	Femto
	Relay

	Nodes per macro-cell
	1, 2, 4 or 10
Note: for femto cells, this number represents the number of clusters. The number of femto cells in each cluster is FFS.

	Distance-dependent path loss from new nodes to UE*1
	If R > [0.2] km then
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for 2GHz, R in km

[20dB] lower path loss takes LOS impact into account below [0.2km].
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R in km, the number of floors in the path is assumed to be 0.
	Macro to relay:
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for 2GHz 

R in km for backhaul to macro

	
	
	
	Relay to UE: 
If R > [0.2] km then
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for 2GHz, 

R in km, for UE access

[20dB] lower path loss takes LOS impact into account below [0.2km].

Note 1: these path loss models assume in-band relay. Simulations for out-of-band relay should re-examine this assumption.
Note 2: relay node has an antenna height of 5m, other antenna heights FFS.

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10 dB


	10dB


	Macro to relay: 6 dB

	
	
	
	Relay to UE: 10 dB

	Shadowing correlation
	Between cells*2
	0.5
	0.5
	0.5

	
	Between sectors
	N/A
	N/A
	N/A

	Penetration Loss  
	20 dB for Case 1,3; See ITU.Eval for ITU Rural
	N/A
	Macro to relay: 0 dB

	
	
	
	Relay to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural

	Antenna pattern  (horizontal)
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	Macro to relay:
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 = 70 degrees,  Am = 20 dB. TDD relay may reuse the same omni-directional antenna as in relay-UE links.

	
	
	
	Relay to UE:
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	Carrier Frequency
	CF= 2GHz for case 1 and case 3
CF = 0.8GHz for high sped rural

	Channel model
	If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.

	UE speeds of interest
	Case 1 and Case 3: 3 km/h Rural high speed: 120 km/h for UEs served by macro, RRH, hotzone or relay nodes. 3 km/h for UEs served by femto cells.

	Doppler of relay-macro link
	N/A
	N/A
	Jakes spectrum with [5]Hz for NLOS component. LOS component [K=10dB].

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

	
	
	
	30 dBm – 10MHz carrier, for relay to UE

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports for relay donor antenna to macro

	
	
	
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports for relay coverage antenna to UE 

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	7dBi for relay donor antenna to macro

	
	
	
	5dBi for relay coverage antenna to UE

	Placing of new nodes and Ues
	See Table A.2.1.1.2-3
	See Table A.2.1.1.2-4
	See Table A.2.1.1.2-3

	Minimum distance between new node and regular nodes
	>=35m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	> 10m
	>= 3m
	> 10m

	Minimum distance among new nodes
	FFS
	FFS
	FFS


*1 RRH/Hotzone and relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto path loss is based on ITU-R M1225 single floor indoor office model; macro to relay path loss is based on 3GPP TR 25.814 with modified 5m antenna height.
*2 Cells including macro cells of the overlay network and new nodes.
Table A.2.1.1.2-3. Placing of new nodes and UEs

	Configuration
	UE density across macro cells*
	UE distribution within a macro cell
	New node distribution within a macro cell
	Comments

	1
	Uniform 
25/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement

	2
	Non-uniform 

[10 – 100]/macro cell
	Uniform
	Uncorrelated
	Sensitivity to non-uniform UE density across macro cells

	3
	Non-uniform

[10 – 100]/macro cell
	Uniform
	Correlated**
	Cell edge enhancement

	4
	Non-uniform

[10 – 100]/macro cell
	Clusters
	Correlated**
	Hotspot capacity enhancement


* New node density is proportional to the UE density in each macro cell. UE density is defined as the number of UEs in the geographic area of a macro cell.
**Relay and hotzone nodes, often deployed by planning, may be placed by [TBD] method.

Table A.2.1.1.2-4. Placing of femto cells and UEs

	Configuration
	Macro-femto Deployment
	Placing of nodes
	Placing of UEs

	1
	Independent channel
	Clustered
	Random placing of UEs within 
X meters of the femto cell

	2
	Co-channel
	Clustered
	Random placing of UEs within 
X meters of the femto cell


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