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1. Introduction

Deployment scenarios, pathloss models, and lognormal shadowing models (including LOS and N-LOS probabilistic models) have been discussed and mostly agreed (refer to chairman’s notes from RAN1#59 below)

The HetNet scenarios are as follows:
Table 1
	Case
	Environment
	Deployment Scenario
	Non-traditional node

	5.1
	Macro + Indoor
	Macro + femtocell
	femtocell

	5.2
	
	Macro + indoor relay
	Indoor relay

	5.3
	
	Macro + indoor RRH/Hotzone
	e.g. indoor pico

	6.1
	Macro + Outdoor
	Macro + outdoor relay
	Outdoor relay

	6.2
	
	Macro + outdoor RRH/Hotzone
	e.g., outdoor pico


Priorities are as follows:

1. Indoor HeNB clusters (as in the current TR)

2. Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4

3. Indoor Hotzone scenario

· RAN4 femto or pico models could be used

4. Other scenarios can be studied with lower priority

However, there is a still need to align the fast (frequency selective) fading model in TR 36.814 for heterogeneous networks, referring to the chairman notes from RAN1#59:

Fast fading may be modelled using any of the following:

· No fast fading as in current TR

· Fast fading with TU and fixed correlation matrix

· Fast fading with ITU/SCM models or possible simplifications (ref. R4-091103) could also be used (detailed proposals to be discussed, e.g., relevant propagation model to use with these)

Consider again at RAN1#59bis whether either TU or ITU/SCM can be considered as baseline, or the number of options reduced.  

In this contribution, we suggest the use of ITU methodology and parameter as a principle method of modeling fast fading. In addition, some further details on deployment scenarios and channel modeling were discussed for clarification and adoption. Some preliminary results of interference mitigation schemes in indoor HeNB cluster and outdoor hotzone scenarios are presented in [14] and [15], where the simulation assumptions and channel models proposed in this contribution are used.
2. Pathloss Model
For each of the three prioritized scenario, a lot of progress has been made and most of them have been agreed in the following: 

· Indoor HeNB clusters (as in the current TR)
The current understanding is that RAN1 has yet to approve R1-095122 which proposed to use modified R4-092042. In email reflector discussion, path loss model for both suburban and urban deployment was proposed where the modifications from R4-092042 are:

· Macro-UE path loss to fully align that defined for Relay model 

· HeNB-UE assumes dual-stripe environment for urban deployment, instead of 5x5 grid (For suburban deployment, individual house environment is assumed. But note that the only difference between urban and suburban path loss is the addition q*Liw, where q is the number of walls separating apartments between UE and HeNB and Liw is the penetration loss of the wall separating apartments, which is 5dB).
Table 2. Path loss considered for urban deployment
	UE to HeNB
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB


	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and HeNB (q=0 in suburban deployment)
In case of a single-floor apt, the last term is not needed
	Suggestion for simplification : n=1


	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(2.70+42.8log10(R)， 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB (q=0 in suburban deployment)

	Suggestion for simplification : n=1



	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.70+42.8log10(R), 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB (q=0 in suburban deployment)

	Suggestion for simplification : n=1




Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 


Low is the penetration loss of an outdoor wall, which is 20dB.

Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
Our suggestion is to adopt the above path loss for urban deployment with simplification of single-floor. 
· Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4
It was agreed to reuse macro-UE path loss as defined in Relay model and reuse relay-UE path loss for outdoor hotzone/pico to UE path loss.  
· Indoor Hotzone scenario

RAN4 femto or pico models could be used
It seems that the ITU InH defined for hotspot environment can be used for this case. 

3. Fast Fading Model
Currently in TR36.814, it seems that fast fading is only accounted for (somehow) in a PHY abstraction for SIMO and is FFS for MIMO. But fast fading modeling is not only affecting PHY abstraction, but more importantly enables the modeling frequency and spatially selective interference and evaluating interference mitigation schemes. 
Without such a fast fading model the benefits and impacts of such important features as frequency selective scheduling (FSS), precoding, and the impact of various proposed interference coordination and mitigation techniques may not be accurately accounted for.  Hence, performance estimates without a fast fading frequency selective interference model may lead to erroneous conclusions in RAN1 since we take away the frequency and spatial dimensions that could be otherwise exploited for more intelligent interference mitigation.

A fast fading model is needed to model frequency selectivity at least at the RB level and down to the REG level if control channel modeling is performed in the first ‘n’ symbols of the control channel region. Therefore, we suggest the use of ITU generic model for fast fading (including the K-factor in case of LOS). To be more specific, we propose:
· Macro-UE: ITU UMa (case-1 macro) and ITU RMa (case-3 marco), including both LOS and NLOS. Note that path loss model includes LOS and NLOS cases, and it is aligned with macro-UE used in Relay study already. 
· HeNB-UE: ITU InH (including both LOS and NLOS). Note that LOS case only arises when UE in the same room as HeNB (i.e., no wall in-between). Also adopt the dual-stripe model.
· Outdoor Hotzone-UE: ITU UMi (including both LOS and NLOS). Note that outdoor hotzone/pico to UE pathloss model includes LOS and NLOS cases, and it is aligned with what is used in Relay study already.

· Indoor Hotzone-UE: ITU InH (including both LOS and NLOS). Note that the path loss has not been agreed in RAN1. For reference, ITU InH hotspot scenario features a one-floor 16-room environment with LOS probability defined based on distance.
4. Shadowing Model
Current TR38.814 defines three lognormal shadowing parameters as in the following:
	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10dB (RRH/Hotzone)

	10dB (Femto)

	Macro to relay
Relay with outdoor donor antenna: 6 dB
Relay with indoor donor antenna: 8 dB

	
	
	
	Relay to UE: 10 dB


However, ITU defines different shadowing std for LOS and NLOS, which seems more reasonable. In particular:

	
	LOS (Shadowing standard deviation in dB)
	NLOS (Shadowing standard deviation in dB)

	InH
	3
	4

	UMi
	3
	4

	UMa
	4
	6

	RMa
	4 (6 after break-point)
	8


Our suggestion is to align ITU shadowing standard deviation as above. An alternative is to use a same value [TBD] for both LOS and NLOS. 
Another aspect of shadowing modeling is the shadowing correlation. There are two correlation factors:

· SCM defines only correlation among eNBs, but not among UE locations. Same UE may see the shadowing correlated from different nodes. This is reasonable for homogeneous environment where macro eNBs are typically above the cluster of scatters around the UE (which causes the shadowing). Typically, a factor of 0.5 is used. However, in heterogeneous deployment, the new nodes are located in the same cluster as UE, such as HeNB. Current TR36.814 define correlation this way as

	Shadowing correlation
	Between cells*2
	0.5
	0.5
	0.5

	
	Between sectors
	N/A
	N/A
	N/A


· ITU, on the other hand, defines only correlation among nearby UEs, but not among eNBs. Nearby UE locations typically see correlated shadowing factor corresponding to the same eNB. But the correlation among different eNBs is not observed based on measurement carried in WINNER project. 
Even though modeling both correlation is possible, but it could add simulation complexity since the shadowing factor correlates with other short-term statistics such as AS and DS. Hence they are generated together from iid radom variables. The complexity comes from enforcing correlations among too many parameters (shadowing, AD_AOA, AD_AOD, DS, K-factor, with respect to both eNB and UE location plane). We suggest to adopt ITU model where shadowing is correlated among UE locations only (i.e., not among heterogeneous nodes and between new nodes and macro nodes). 

5. Placing of heterogeneous nodes and UEs
· Indoor HeNB clusters (as in the current TR)
As mentioned in R4-092042, each apartment may be equipped with a HeNB based on the deployment probability, and 80% of macro UEs are assumed to be indoors, i.e.,

	
	R4-092402
	Suggestion

	N (number of cells per row )
	10
	

	M (number of blocks per sector)
	1
	

	L (number of floors per block)  
	6
	L=1 for simplicity

	R (deployment ratio )
	0.2
	

	P (activation ratio)
	50%
	

	Probability of macro UE being indoors
	80%
	To be clarified as below


To reduce the simulation complexity, we suggest to randomly drop one single-floor apartment cluster in each macro sector. And we suggest to enforce 80% of UEs are dropped in the apartment clusters and the rest of UEs are randomly dropped in outdoor area. 

· Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4
It was agreed to use the configuration #1 and #4 in current TR 36.814.  
· Indoor Hotzone scenario

RAN4 femto or pico models could be used
The placing of the buildings and UEs need further study. Same building and UE placing as HeNB cluster case could be considered as a starting point.   

6. Conclusion
In this contribution, we suggest the use of ITU methodology and parameter as a principle method of modeling fast fading. In addition, some remaining details on channel modeling were discussed for clarification and adoption.   
For path loss:

· Indoor HeNB clusters (as in the current TR): adopt Table 2 for path loss in urban deployment with simplification of single-floor

· Outdoor Hotzone cells (as in the current TR) with configuration #1 and #4: It was already agreed to reuse macro-UE path loss as defined in Relay model and reuse relay-UE path loss for outdoor hotzone/pico to UE path loss.  

· Indoor Hotzone scenario: It seems that the ITU InH defined for hotspot environment can be used for this case. 

For fast fading: It is proposed that use of fast fading models is mandated for future performance benchmark checkpoints and for determining final feature acceptance in RAN1 specifications. In particular, we suggest the use of ITU generic model for fast fading (including the K-factor in case of LOS). To be more specific, we propose:

· Macro-UE: ITU UMa (case-1 macro) and ITU RMa (case-3 marco), including both LOS and NLOS. Note that path loss model includes LOS and NLOS cases, and it is aligned with macro-UE used in Relay study already. 

· HeNB-UE: ITU InH (including both LOS and NLOS). Note that LOS case only arises when UE in the same room as HeNB (i.e., no wall in-between). Also adopt the dual-stripe model.

· Outdoor Hotzone-UE: ITU UMi (including both LOS and NLOS). Note that outdoor hotzone/pico to UE pathloss model includes LOS and NLOS cases, and it is aligned with what is used in Relay study already.

· Indoor Hotzone-UE: ITU InH (including both LOS and NLOS). Note that the path loss has not been agreed in RAN1. For reference, ITU InH hotspot scenario features a one-floor 16-room environment with LOS probability defined based on distance.

For shadowing modeling: Our suggestion is to align ITU shadowing standard deviation as above. An alternative is to use a same value [TBD] for both LOS and NLOS. We also suggest to adopt ITU model where shadowing is correlated among UE locations only (i.e., not among heterogeneous nodes and between new nodes and macro nodes). 

For placing of heterogeneous nodes and UEs: We suggest to randomly drop one single-floor apartment cluster in each macro sector. And we suggest to enforce 80% of UEs are dropped in the apartment clusters and the rest of UEs are randomly dropped in outdoor area.
Finally it is also proposed that evaluation of control channels in heterogeneous network simulations include multi-cell interference modeling at the REG level with the appropriate subblock interleaving.
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