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1 
Introduction
After RAN1#59 meeting, to align simulation assumptions and reach comparable performance evaluation results of Het-Net among different companies, detailed discussion about simulation assumptions and evaluation metrics for Heterogeneous networks began, which mainly included Outdoor/Indoor RRH/Hotzone, Outdoor/Indoor Relay and Femto.
Among the above Het-Net scenarios, Indoor Hotspot is an important application, which includes exhibitions, shopping malls, large open offices, coffee bars, and so on, and obviously the application scenarios of Indoor Hotspot differ from Femto scenarios significantly, e.g. deployment, serving UE density, coverage, and traffic model.
Therefore, to align the application scenario of in-door Pico for further evaluation, we propose an indoor RRH/Hotzone scenario which mainly refers to the ITU Indoor hotspot topology and channel model. The following sections are associated with our proposed and modified items.
2 
RRH/Hotzone transmission power
As RRH/Hotzone would be implemented in different coverage scenarios, such as suburban area for range extension, or a square or coffee bar for capacity enhancement, thus it’s reasonable to define a variable/optional transmission power, rather than a fixed one (30dBm-10MHz). Considering the current relay Tx power and RAN4 pico Tx power, we propose “Total BS tx power” for RRH/Hotzone as “24, 30, 37 dBm – 10MHz carrier”.

3 Placing of new nodes and UEs (configuration 4)
Configuration 4 in table A2.1.1.2-3 [1] is mainly for hotspot capacity enhancement, which always meets a high user density and requirement of large data rate. So to show the real gain/interference in configuration 4 and get a comparable evaluation results among different companies, we suggest “UE density across macro cells” for configuration 4 as “Non-uniform [25+10*N ~ 100] per macro-cell or uniform [25+10*N] per macro-cell”, in which N is the number of new nodes per macro-cell.
Note that some companies suggest keeping the fixed 25 user number as it is in current TR without respect to the increase of new powered nodes within the macro cell. The consequence would be that each pico cluster only includes a small faction of users. If considering that users dropped in a pico cluster may not connect with pico due to lower RSRP than that of macro cell, some pico nodes may have zero subscribers thus this situation deviates from the pico deployment purpose and causes a different interference environment from ICIC aspect.

For the evaluation results aspect, we agree that both UE dropping models (proportionally increase total user number and fixed 25 user number) may not cause large difference on cell average throughput if a full buffer traffic model is assumed. However, cell edge throughput may differ between the two modelling methods (proportionally increased total user number < fixed 25 user number). The reason is that an individual pico user may get lower throughput since the best band scheduling possibility of that user decreases as the number of users increases. Considering practical pico deployments have a typical high user density, using a fixed 25 users for evaluation will provide overoptimistic results for 5% user throughput.
4 
Indoor RRH/Hotzone Assumption
4.1 
Indoor RRH/Hotzone Topology
We suggest re-using the ITU InH deployment, as this topology aligns with real application scenarios (shopping mall, large open office) very well. Modifications could be considered for later releases to extend to multiple floors to meet future applications.
4.2 
Indoor RRH/Hotzone propagation model

Pathloss

· For Macro BS to UE channel: reuse Macro-UE propagation model for Macro + outdoor pico/relay scenario.
· For indoor RRH/Hotzone to outside UE channel: maximum pathloss value of NLOS factor of outdoor only and indoor only propagation model since it’s always considered to be NLOS.
· For indoor RRH/Hotzone to inside UE channel: reuse ITU InH model.
Shadowing standard deviation
We propose to use ITU InH shadowing standard deviation for channel between inside user and indoor pico and keep the shadowing standard deviation of the other channels as 10dB, which is aligned with the current TR [1].

Fast fading
The consensus of the last RAN1 meeting is that fast fading with ITU/SCM models or possible simplifications (ref. R4-091103) could also be used. We propose to use ITU UMa fast fading parameters for macro to UE channels and ITU InH fast fading parameters for indoor pico to UE Channels.
References

[1] 3GPP, TR 36.814 v1.5.1, “Further advancements for E-UTRA Physical layer aspects”.
Appendix text proposal of 36.814

A.2.1.1.2
Heterogeneous deployments
------------------------------- start of text proposal ------------------------------
Table A.2.1.1.2-1. Categorization of new nodes

	
	Backhaul
	Access
	Notes

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

	Pico eNB (i.e. node for　Hotzone cells)
	X2
	Open to all UEs
	Placed indoors or outdoors. Typically planned deployment. 

	HeNB (i.e. node for Femto cells)
	No X2 as baseline (*)
	Closed Subscriber Group (CSG)
	Placed indoors. Consumer deployed.

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



Note: The reference to new nodes in this TR and its corresponding characteristics are applicable to evaluations in this TR only. 
(*): Baseline is in accordance to Rel-8/9 assumption. Evaluations with interference management for HeNBs  (via X2 or other means) allowed to assess interference management benefits
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 and indoor relays, this number represents the number of clusters. The number of femto cells or indoor relays in each cluster is FFS.

	Distance-dependent path loss from new nodes to UE*1
	For outdoor RRH/Hotzone

Model 1:

 Macro to UE:

L= 128.1+37.6log10(R)

Pico to UE:
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Model 2:

Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3 (Suburban):

Prob(R)=exp(-(R-0.01)/0.2)
Case 3 (Rural/ Suburban): 

Prob(R)=exp(-(R-0.01)/1.0)
Pico to UE:

PLLOS(R)=103.8+20.9log10(R)

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

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

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


For indoor RRH/Hotzone, see Table 2.1.1.5-1
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R in km, the number of floors in the path is assumed to be 0.
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3 (Suburban):
Prob(R)=exp(-(R-0.01)/0.2)
Case 3 (Rural/ Suburban): 
Prob(R)=exp(-(R-0.01)/1.0)


	
	
	
	Macro to relay:
Relay with outdoor donor antenna:

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Case 3 (Suburban):
Prob(R)=exp(-(R-0.01)/0.23)
Case 3 (Rural/ Suburban)

Prob(R)=exp(-(R-0.01)/1.15)
Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology in [A.2.1.1.4].
Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN antenna and site planning optimization.
described in [A.2.1.1.4].
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.
Relay with indoor donor antenna:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 5dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)
Note 4: Higher probability of LOS shall be reflected in consideration of the height of RN antenna


	
	
	
	Relay to UE: 
Relay with outdoor coverage antenna:
PLLOS(R)=103.8+20.9log10(R)

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

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

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

Note 1: this 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.
Relay with indoor coverage antenna:
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R in km, the number of floors in the path is assumed to be 0.

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

	Shadowing standard deviation
	For outdoor RRH/Hotzone

10dB

For indoor RRH/Hotzone, see Table 2.1.1.5-1

	10dB


	Macro to relay
Relay with outdoor donor antenna: 6 dB
Relay with indoor donor antenna: 8 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  
	For outdoor RRH/Hotzone
20 dB for Case 1,3; See ITU.Eval for ITU Rural
For indoor RRH/Hotzone, see Table 2.1.1.5-1
	N/A
	Macro to relay: 
Relay with outdoor donor antenna: 0 dB
Relay with indoor donor antenna: 5 dB

	
	
	
	Relay with outdoor coverage antenna to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural
Relay with indoor coverage antenna to UE: 0 dB

	Antenna pattern  (horizontal)
	
[image: image4.wmf](

)

0

=

q

A

 dB (omnidirectional)
	
[image: image5.wmf](

)

0

=

q

A

 dB (omnidirectional)
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

	Carrier Frequency
	CF= 2GHz for case 1 and case 3
CF = 0.8GHz for high speed 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)
	24, 30, 37 dBm – 10MHz carrier
	20 dBm – 10MHz carrier
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

	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
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3  

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

	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
	Outdoor relay:> 10m
Indoor relay: >= 3m

	Minimum distance among new nodes
	FFS
	FFS
	FFS


*1 RRH/Hotzone and outdoor relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto and indoor relay path loss is based on ITU-R M1225 single floor indoor office model; macro to relay with outdoor donor antenna 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

[10N+25 – 100]/macro cell 

or uniform
[10N+25]/macro cell
N is the number of new nodes per 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, see section A2.1.1.4.
***Indoor RRH/Hotzone placement refer to section A.2.1.1.5.
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


1.1.1.1.1 A.2.1.1.3   Assumptions for Coordinated Multi point Transmission and Reception Evaluations 

Performance evaluations should at least provide details related to:

-
Cooperating scheduler

-
CoMP category

-
Feedback assumption and feedback impairment modelling

-
Backhaul assumptions
-
Time/frequency synchronization assumptions
-
Transmission modes: 

-
MU-MIMO and/or SU-MIMO operation in conjunction with CoMP

-
Selection of transmission mode (assumptions on how dynamic or semi-static the transmission mode can be selected)

-
Creation and maintenance of CoMP sets: 

-
Assumptions on CoMP sets definition and creation

-
fixed vs. adaptive clusters, size of cluster…

Geometry cdf for the CoMP UE should be provided where appropriate, compared to the geometry cdf for a non-CoMP UE. 
The performance of downlink/uplink multi-point transmission and reception, and advanced ICIC techniques is sensitive to the backhaul capacity and latency. In general, the backhaul latency could be classified into the following  categories

-
Minimal latency (in the order of μs) for eNB to RRH links
-
Low latency (<1 ms) associated with co-located cells or cells connected with fibre links and only limited number of routers in between
-
Typical inter-cell latency associated with X2 interfaces.

The X2 backhaul latency, or more generally latency between new nodes, or new nodes and eNBs, or between eNBs, is highly deployment dependent such as whether there is a dedicated X2 fibre network or a generic IP network. 

The proponents should describe and justify the model assumed in particular studies.
1.1.1.1.2 A.2.1.1.4   Assumptions for Relay Evaluations 

The evaluation scenarios for relay is summarized as two basic scenarios as follows,

Table A.2.1.1.4-1. Evaluation scenarios for relay
	CASE
	Scenarios
	ISD[m]
	Carrier[GHz]

	3GPP case 1.Relay
	Urban Macro
	500
	2.0

	3GPP case 3.Relay
	Rural Area
	1732
	2.0

	3GPP case 1.Indoor relay
	Urban Macro
	500
	2.0

	3GPP case 3.Indoor relay
	Rural Area
	1732
	2.0


For 3GPP case 1&3.Relay scenarios, the placement of relay also regarded as site planning could be taken by two major steps,

1) Virtual Relay Placement: A virtual relay is placed trying to enhance the cell edge throughput or overall cell throughput.

[TBD]

2) Relay Site planning: Finding an optimal place among N candidate relay sites around the virtual relay which offers optimization of shadow fading, LOS probability and etc.

Relays were placed on positions they are most needed in terms of SINR (geometry). Positions, where a relay placement would result in the highest geometry gain, were found in an exhaustive search within N candidate relay sites around the virtual relay. 
The site planning procedure provides benefit on backhaul SINR (geometry). TWO alternatives to show this benefit in simulation are considered with respect to

Alternative 1: Adding bonus to path loss formula.
This process offers optimization of shadow fading, LOS probability and etc. 

The corrections of site planning with respect to macro-relay pathloss, LOS probability and shadowing standard deviation are listed in Table 2.1.1.4-2.

Table A.2.1.1.4-2. Corrections of site planning (alternative 1)
	
	No site planning
	Correction after site planning

	Macro-relay Path Loss
	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)

	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.

	Macro-relay LOS probability
	Prob(R)
	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.


Alternative 2: Initialized in a system-level simulation by selecting best N relays according to a proposed site planning optimization approach.
The site planning optimization should be taken into consideration in a relay placement procedure in step 2. It is a process of finding an optimal place among N candidate relay sites around the virtual relay which offers benefit to the performance.
The site planning optimization approach are described as follows,
·  N=5 candidate relay sites are considered within a searching area of 50m radius around the virtual relay. 

·  For simplicity, the candidate relays are randomly placed in the searching area. 
-  The best relay site is selected based on SINR criteria on the backhaul link.
For 3GPP case 1&3.Indoor relay scenarios, 2 cases are distinguished, depending on the relay node configuration:  

· if the relay donor antenna is outdoors, no planning is performed. 
· if the relay node is made up of a donor module and a coverage module, both being placed indoors, the donor module has to be placed near a window to optimize the backhaul link quality. This optimization is reflected by a penetration loss of 5 dB in Table A.2.1.1.2-2. The coverage module has to be placed in the center of the house to provide maximum coverage.
For a typical system level simulation, the following configurations are taken into consideration,

Table A.2.1.1.4-3. Typical configuration for simulation
	Parameter
	Description
	Case 1
	Case 3
	Case 1/3 Indoor

	PRN
	Max Tx power 
	30 dBm @ 10 MHz bandwidth 
	30 or 37 dBm @ 10 MHz bandwidth 
	Downlink:

20 dBm @ 10 MHz bandwidth
Uplink:

Indoor donor antenna:

23 dBm @ 10 MHz bandwidth
Outdoor donor antenna:

30 dBm @ 10 MHz bandwidth

	HRN
	RS antenna height 
	5m
	5m, 10m
	TBD

	Antenna Configuration
	One antenna set
	5dBi antenna gain,  Omni

2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports 

Use of antenna downtilt and vertical antenna FFS


	5dBi,  Omni

2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports

Use of antenna downtilt and vertical antenna FFS


	N/A

	
	Two antenna sets
	Relay-UE link:

5dBi antenna gain,

Omni
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	Relay-UE link:

5dBi antenna gain, 
Omni
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	NFRN
	Noise figure 
	5 dB 
	5 dB 
	5 dB

	HWRN
	Hardware loss/cable loss 
	0 dB 
	0 dB 
	Outdoor donor antenna: 

2 dB

Indoor donor antenna: 

0 dB


1.1.1.1.3 A.2.1.1.5   Assumptions for indoor RRH/Hotzone Evaluations

The indoor hotspot scenario consists of single floor of a building as Figure.2.1.1.5-1 which is same with ITU sketch. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building.


[image: image17.emf]
Figure.2.1.1.5-1. Sketch of indoor hotspot environment
The following assumption is for evaluation purpose:
Table A.2.1.1.5-1. Channel model of indoor RRH/Hotzone

	Cases
	Path Loss (dB)
	Shadowing standard deviation 
	Penetration Loss
	Fast Fading

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	20dB
	ITU UMa

	UE to RRH/Hotzone
	(1) UE is Outside 
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	20dB
	ITU InH
(NLOS)

	
	(2) UE is inside 
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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------------------------------- end of text proposal ------------------------------
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