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1 Introduction

In RAN #44, it was agreed that LTE-A should support heterogeneous network (HTN) deployment [1]. In a geographical region, any two or more combination of macro cell, pico cell, RRH, relay and femto [2] composes HTN. In [3], through beamforming and frequency-selective scheduling, simulation results showed significant gain in average throughput and edge user throughput. In this contribution, two outdoor use cases are discussed. They are occasional large-scale events and high speed public transportation vehicles. Homogeneous deployment for these cases seems cannot meet the requirement for high-data-rate services in LTE-A. Therefore, we suggest possible HTN scenarios with enabling CoMP schemes to provide quality service. 

In the following, a table which summarizes our contribution is first given. Then detailed demonstration is presented followed by a brief conclusion.
2 Discussion 
Table 1 lists the two use cases and their corresponding characteristics, possible HTN scenarios, enabling CoMP technologies as well as recommended simulation profiles discussed in this contribution. 
Table. 1 Summary of this Contribution
	Outdoor Use Cases
	A
	B

	
	Occasional large-scale events (planned or unplanned)
	High speed public transportation vehicles

	Characteristics in Use Case 
	Fixed or nomadic UEs
	High speed mobiles

	
	High load in a restricted area
	Higher load in a restricted area moving with time

	
	Bursting radio access
	

	
	Mixed services (High data rate radio access (may be more in UL))
	Mixed services (High data rate radio access in DL)

	
	
	Group/frequent handoff

	
	
	Predictable moving direction/long-term fading/ position

	Possible HTN Scenarios
	Macro+ movable Pico
	Macro+Pico

	
	RRH+ movable Pico
	Macro+RRH

	Characteristics in HTN Scenarios
	More high geometry UEs
	UEs are in high geometry intermittently 

	
	May have LoS between nodes
	

	Possible Enabling CoMP Schemes 
	
	Non-casual CS

	
	Narrow-beam CB with SP MU-MIMO
	Wide-beam CB

	
	MU-CoMP
	Regular FCS

	Recommended Simulation Profile

	Scenarios 
	Macro+ movable Pico
RRH+ movable Pico
	Macro+Pico
Macro+RRH

	Service profile
	Mixed services (streaming, VoIP, http)
	Mixed services(streaming, http, VoIP)

	User distribution
	A large proportion of users are uniformly /randomly distributed in a restricted area (pico region)
	A proportion of users are uniformly /randomly distributed in a restricted area which moves

	Mobility 
	Fixed or nomadic 
	Identical speed

	Deployment 
	LoS between nodes
	


2.1 Outdoor Use Cases
Although most high-data-rate services such as streaming and file transferring seem to occur indoors, there is also possibility that these kinds of services occur outdoors when more and more powerful mobile devices appear.

Considering a planned or unplanned outdoor event (denoted as Case A) takes place where a large crowd of people (more than originally planned subscribers) use their capable devices to upload the scene immediately to their friends and relatives. Large amounts of data are waiting to be uploaded to the network at almost the same time. Also, these people may download instant information from relative to the event. UE mobility in this case may be either fixed or nomadic. A concert at square or outdoor stadium can be the example of the former one, while a parade along the street is typical of the latter case.
Another use case occurs in high speed public transportation vehicles such as trains (denoted as Case B). Since the train can only go along the track with fixed direction, its moving direction can be easily predicted. Positions of UEs in the train are also predictable if their velocity is known at the serving cell. Furthermore, long-term spatial covariance information between the track position and the serving cell is known statistically. Total length of the train can be up to several hundreds of meters. UEs are sparsely or densely spread in different cars where possible traffic types are downlink streaming, web browsing and VoIP in almost the same probability. These UEs change their serving cell frequently and handoff in group manner. To maintain service continuity is critical in this case.
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Figure 1 An example of pico cell overlaid with RRH in use case 1

2.2 Heterogeneous Scenarios 
To provide more capacity in the above two cases, it may be essential to employ heterogeneous nodes in the system. 
In use case A, the original network node can be macro cell or RRH as shown in figure 1. One or more movable pico cells can be deployed at the event site to provide additional capacity and more UEs are in high geometry. The movable pico cell may move along with the crowd slowly. There may be LoS between new nodes and the original one. 
In use case B, either pico cell or RRH can be sparsely or densely deposited alongside the track overlaid with marco cell as shown in figure 2. UEs experience high geometry when they are located in the region covered by pico cell or RRH.
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Figure 2 An example of pico cell overlaid with Macro cell in use case 2
2.3 Enabling Technologies
Interference management in HTN is critical due to strong interference conditions from unbalanced power profile and overlaid deployment. CoMP is one technology which can be utilized to deal with inter-site interference in coordination manner. According to the level of coordination, CoMP can be categorized as scheduling level coordination, beam level coordination and precoder level coordination [2]. It seems CoMP is essential in HTN deployment.
In high-loaded use case A, UEs near any one of the nodes are in high geometry where MU-MIMO is necessary and possible. Fixed or nomadic UEs enable narrow-beam coordination between nodes. Also, due to LoS between nodes, MU-CoMP may be possible where over-the-air backhaul is with low latency [4] and high capacity.
In use case B, frequent and group handoff happens when neighboring UEs in the train move out of the serving area of one pico cell or one marco cell. As indicated, it is easy for the system to predict the direction, position as well as long-term spatial covariance of the channel of those UEs at that position. Therefore, non-casual coordinate scheduling (CS) and regular fast cell switching (FCS) is possible, i.e. the serving cell can send necessary information and data to the next serving cell for downlink transmission as well as handoff in advance. The next serving cell can then serve the UEs in his coverage region at correct time instance. In this way, service continuity is maintained. Furthermore, roughly estimated positions of UEs enables wide-beam coordinate beamforming (CB) while precisely estimated positions of UEs enables coordinated fast beam switching among neighboring transmission nodes. In pico cell region, UEs have more probability in high geometry where high demanding service can be served while UEs in other region covered by marco cell can still be served with low demanding service. It this way, spatial division multiple access (SDMA) might be employed for UEs in different cars.
2.3 Simulation Profiles

To provide satisfied user experience, simulation parameters for the above two use cases would be necessary. As listed in Table 1, recommended simulation profile include HTN scenarios, traffic profile, user distribution, user mobility and deployment between nodes for either use case.
3 Conclusions
In this contribution, we discuss two typical outdoor use cases with critical issues to provide satisfied user experience. CoMP technologies including CS, CB as well as JP (MU-CoMP and FCS) schemes discussed in RAN1 are suggested to be employed in HTN for high-rate-data service continuity and interference management. Necessary simulation parameters need to be further defined according to the characteristics of use cases in corresponding HTN scenarios.
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