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1. Introduction

In RAN1 #78bis, some simulation details of heterogeneous scenarios have been agreed. The co-channel Hetnet scenarios were further discussed by email [78bis-17] with respect to WFs [1, 2]. However no consensus was made and the scenario is subject to further discussion. The Hetnet scenarios with separate frequencies were discussed by email [78bis-16] and a working assumption was made on the following details for the evaluations: 

· Small cells are dropped within a cluster.

· Small cell cluster centers are randomly dropped within a macro sector.

· Small cell planar antennas in clusters can be deployed based on the following procedure

· Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of Rc; and consider the minimum distance between small cell centers (Dscc).

· Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.

· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.

· Following values are used for small cell deployment.

	Macro ISD 
	500 m

	number of clusters per macro sector
	1

	number of small cells per cluster
	4; Necessity of modelling 10 small cells per cluster is FFS

	Radius for small cell center dropping in a cluster, Rc
	FFS

	Minimum distance (2D distance)
	Small cell – UE: > 10 m

	
	Macro – small cell cluster center: > 105 m

	
	Macro – UE: > 35 m

	
	Small cell cluster center – small cell cluster center: > 2 times of the radius for small cell center dropping in a cluster, plus minimum distance separation between small cell centers, i.e., 2*Rc + Dscc.

	Minimum distance separation between small cell centers (Dscc)
	FFS


2. Proposals of Scenarios

2.1.  Hetnet scenario with separate frequencies







Figure 1 Small Cell Dropping
· UE Dropping Model
Before discussing the principle of small cell dropping, the first thing is to clarify what kind of UE dropping model shall be considered in a Hetnet scenario.  There was a long discussion across many meetings during the SI, summarized in both TR 36.872 and TR 36.873.  For example, it is assumed in TR 36.872 that 2/3 UEs are randomly and uniformly dropped within the clusters. 1/3 UEs are randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. Moreover, 3D dropping for indoor UEs is further assumed in TR 36.873 with hUT=3(nfl – 1) + 1.5 and nfl ~ uniform(1,Nfl) and Nfl ~ uniform(4,8). 
Generally a UE cluster represents a hot zone with higher UE density than the rest of macro coverage area, although such a cluster in reality will never be an exact circle. Operators have to do cell planning to make sure there is sufficient coverage/capacity for a whole irregular hot zone and to enable traffic offload to deployed small cells with the minimal inter-cell interference. The UE dropping model for evaluation has considered many factors, for example generalized deployment scenarios of small cells, building distributions, UE distributions, simulation complexity etc.  Considering the limited time of the SI, it might be worth reusing details of the UE dropping models defined in TR 36.872 and TR 36.873. 
Proposal #1: reuse UE dropping models defined in TR 36.872 and TR 36.873
· Small Cell Dropping Model
Once a UE dropping model is agreed, the methodology of small cell dropping can be considered thereafter, for example omni-directional antenna array shall be uniformly dropped inside the cluster. 
Random dropping of directional antenna arrays is not very practical since it will leave too many coverage holes within a UE cluster or a hot zone, especially in the 3D environments which are going to be studied. So those UEs within 3D coverage holes will have to associate with a macro cell layer. Then it is very critical to simulate the macro cell layer to understand how macro cells will perform and cooperate with small cells in terms of load balancing, load shifting and coverage compensation. Since a small cell layer deployed with AAS can have stronger beamforming capability than a layer with only 2Tx, it is inappropriate to assume that observations of a 3D UMa scenario will be same as that of the macro layer of the Hetnet scenario with separate frequency so that the simulation of the macro cell layer can simply be avoided. For example, the observation from TR 36.872 is that load shifting could be to obtain a more evenly distributed traffic load across the cells/layers or concentrate the traffic into fewer cells. Different solutions may lead to quite distinct effects and performance. Without simulating the macro cell layer, it may be difficult to judge what exactly could happen with respect to specific solutions. 
Observation #1: Within a given random AAS cell dropping, simulating the macro cell layer is necessary in order to fairly compare and understand results of company contributions in Hetnet scenarios.   

The inter-cell interference among adjacent small cells can be adjusted by the minimum distance separation between small cell centres (Dscc).  The baseline of small cell AAS is 8Tx with 4 antenna elements per column (with 8dBi antenna gain per antenna element) which will provide at least 6dB extra antenna array gain. On the other hand, the antenna gain assumed in the small cell SI is 5dBi. So even with the baseline of 8Tx AAS, the antenna gain in this SI is about 11~12dB stronger than the gain in small cell SI, which can be translated into doubled coverage in NLoS or even more in LoS. Note that a 4x8 2D antenna array (32Tx) is also considered as one of small cell AAS options. Moreover the minimum distance between small cell and UE is assumed to be 10 meters. So empirically the value of Dscc shall be around 20m x 2~20m x 4. 
The radius of a UE cluster is 70m in TR 36.872. Increasing the radius of the UE cluster will dilute the UE density per cluster. The radius for small cell centre dropping in a cluster will be around 70m minus Dscc. However such a radius also needs to be large enough to separate small cells satisfying the minimum distance requirement of Dscc. Therefore, it seems that the best balance in terms of small cell dropping is 40m for Dscc and 30m~40m for Rc.  
Proposal #2: The minimum distance separation between small cell centres (Dscc) is 40 metres and the radius for small cell centre dropping in a cluster (Rc) is 40 metres. 

Within such a limited size of a UE cluster, there is not much spare room to drop more than 4 small cells per cluster. Otherwise the inter-cell interference will be extremely severe due to the random and highly dense cell dropping. The baseline performance will be unrealistically bad since no coordination or cell planning is taken into account.  
Proposal #3: The number of small cells per cluster is up to 4. 

· UE Association Model 

The methodology of UE association highly depends on what technique areas we wish to study.  A 3D UMi scenario can be sufficient to understand 3D beamforming, 3D UMi channel, 3D interference, 3D UE dropping, etc. The randomness of small cell dropping may introduce stronger inter-cell interference requiring further coordination among small cells. The exact domain of coordination is unclear up to now and depends on the specific solution. We assume that the purpose of coordination is to mitigate the inter-cell interference within the overlapped coverage areas between small cells.  However if it is the main target, the 3D UMi scenario is also a good candidate which uses the same MIMO channel model and AAS as the small cell layer.  
So in our understanding the main focus of Hetnet scenario with separate frequencies may be related to  load balancing and load shifting. Therefore cell association options studied in TR 36.872 should be re-evaluated in order to take into account the enhanced MIMO capability of the small cell layer. The starting point of cell association should be based on RSRQ and 0dB cell association bias. 
Proposal #4: RSRQ and 0dB cell association bias should be considered as the starting point for further enhancement. 
2.2.  Hetnet scenario with a single frequency 
The Hetnet scenario with a single frequency has been analysed in [3]. The small cell layer may deploy different small cell antenna arrays to provide extra coverage overlay/capacity for a 3D UE cluster due to the high UE density, high data traffic and high UE vertical separability. 

One reason for investigating the co-channel Hetnet scenario is related to the increased flash light effect from macro AAS which may impact or interact with the performance of UEs associated with small cells. It is very important to verify that upgrading a macro cell from a conventional antenna array to a 2D planar array shall not jeopardize the performance of existing small cell layer, for example 2Tx small cells. It is also very interesting to observe UEs which are in the UE cluster but are attached to the macro cell layer.  Such UEs are considered to be in 3D coverage holes due to wall penetration, low transmission power, beam shaping and limited small cell density.        

From our perspective, it is natural to have a variety of antenna arrays for the small cell layer. A 2D planar array can be considered as a reasonable updating path of small cells, for example from a 2Tx linear array to 2D planar array, e.g. V2H2, in order to provide a better vertical coverage and offload more indoor UEs in the vertical domain. 

Proposal #5:  Adopt co-channel Hetnet scenario with both AAS and conventional 2Tx antenna configurations for the small cell layer. 
Whether coordination shall be studied was discussed by email. In our current understanding, the concepts of coordination are unclear. The possible domains of coordination among multiple sites/sectors can be space, time, frequency, power, traffic loading, tilting, RDN, CRE, different bias values, etc depending on implementation. In general, each aspect of coordination could be considered in this SI, but it is not necessarily related to AAS. 

Due to the complexity of this SI, it may not be easy to judge whether a certain type of coordination is more important than others. But the starting point can be no-coordination and static tuning, for example, fixed downtilt optimized for small cell random dropping, fixed CRE and MBSFN allocation, etc. This may not provide the best performance but they can be considered as a solution that is well understood and verifiable by all companies. The most important thing from our perspective is to start with something well understood and can be aligned as much as possible. 
Proposal 6: Considering the complexity of SI and many co-existing interface mitigation techniques up to Rel 12, the starting point of further evaluation shall be no-coordination with limited static tuning. 
The simulation complexity of the co-channel Hetnet scenario can be similar with 3D UMa and 3D UMi scenarios if some coordination techniques are ignored, for example 0dB CRE bias. The UE association method is the same with 3D UMa and UMi scenarios based on RSRP. Intuitively, solutions developed for 3D UMa and 3D UMi scenarios may be reused and further checked within the co-channel Hetnet scenario.  What we may learn more from this scenario is about whether co-channel interference from Hetnet scenario can be significantly different from the homogenous scenario and whether AAS beamforming capability from either macro or small layer can serve UEs well in the vertical domain.  It will determine what the next step of feasibility study should be in order to maximize the benefits of AAS deployment for operators.  
Observation 2: The simulation complexity of co-channel Hetnet scenario can be similar with 3D UMa and 3D UMi scenarios.
3. Proposals for AAS Modelling

The AAS modelling has been agreed as a guideline in the WF in [4]. The difficult area to reach consensus is likely to be around the TXRU modelling by which different enhancements and implementations may be supported. Two candidates of 1D TXRU modelling were given by [4] to have non-overlapped subarray partition and partially overlapped subarray partition.  The actual AAS antenna design of RDN is much more complicated than the options in the WF by taking into account PA, fronthaul limitations, etc. It can be also flexible depending on what functionality the eNB wishes an AAS to be supported.  In order to understand better the impact of TXRU modelling and also to compare solutions across companies fairly, it should be considered to group solutions and results based on a common AAS antenna configuration, e.g. the values of M,N,P. The starting point will be M=8, N={1,2,4} and P=2. Each company should describe their TXRU mapping at high level with some extra details like AAS dimensioning, AAS partitioning methods, definitions of weighting vectors across V/H, etc.  
Proposal 7:  TXRU mapping should be explained at least at a high level by each company. 

4. Conclusions

In this document some remaining details of scenarios and evaluation methodology are discussed. We have the following observations and proposals:

Proposal #1: reuse UE dropping models defined in TR 36.872 and TR 36.873

Observation #1: Within a given random AAS cell dropping, simulating the macro cell layer is necessary in order to fairly compare and understand results of company contributions in Hetnet scenarios.   

Proposal #2: The minimum distance separation between small cell centres (Dscc) is 40 metres and the radius for small cell centre dropping in a cluster (Rc) is 40 metres. 

Proposal #3: The number of small cells per cluster is up to 4. 

Proposal #4: RSRQ and 0dB cell association bias should be considered as the starting point for further enhancement. 
Proposal #5:  Adopt co-channel Hetnet scenario with both AAS and conventional 2Tx antenna configurations for the small cell layer. 
Proposal 6: Considering the complexity of SI and many co-existing interface mitigation techniques up to Rel 12, the starting point of further evaluation shall be no-coordination with limited static tuning. 
Observation 2: The simulation complexity of co-channel Hetnet scenario can be similar with 3D UMa and 3D UMi scenarios.
Proposal 7:  TXRU mapping should be explained at least at a high level by each company. 
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