3GPP TSG RAN WG1 Meeting #63bis                                                                                R1-110059
Dublin, Ireland, 17th - 21st January 2011
Source:
CATT 

Title:
Considerations on scenarios and simulation assumptions of CoMP
Agenda Item:
6.3.1.1

Document for:
Discussion and Decision

1 Introduction

In RAN#50 meeting, the scope of CoMP SI was further discussed. Besides the conventional homogeneous macro network, the revised SID of CoMP study item incorporates some new scenarios, such as distributed RRH and heterogeneous network [1]. In this contribution, we clarify those potential scenarios in detail, and simulation assumptions of various scenarios are provided. 

2 Scenarios

Considering the requirements of information exchange among transmission points, the scenarios which have feasible backhauling, such as no problem with latency and capacity, should be given high priority. This contribution put emphasis on these scenarios. The potential scenarios can be categorized into indoor RRH scenario and outdoor scenarios. The outdoor scenarios are further divided into homogeneous macro network and distributed RRH as shown in Figure 1. 
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Figure 1: Classification of CoMP scenarios
2.1 Indoor RRH scenario
During the deployment of 3G system, operators find out that macro site cannot provide expectedly good coverage for indoor users due to building penetration loss. In addition, the new eruptible data services such as e-mail, internet browsing, multimedia message and video introduce heavier traffic load and correspondingly require high quality of coverage. Since most of the data traffic attribute to indoor users, how to improve indoor coverage is a crucial issue for operators. RRH is an effective solution to improve the overall network coverage, as it can be deployed near to the end user. By using RRHs, building penetration loss is avoided. Since RRHs are connected to a central eNodeB via optical fiber, coordination among RRH may be helpful to further improve performance.

As an example, a multiple-floor building is considered, and it is assumed to be isolated from outdoor environment. The ITU indoor hotspot scenario could be used to model each floor of the building [2]. The height of the floor is 6 m. The floor contains 16 rooms of 15 m × 15 m and a long hall of 120 m × 20 m. Two sites are placed in the middle of the hall at 30 m and 90 m,  which is shown at the left side of Figure 2. The building contains four floors as illustrated by the right side of Figure 2. The details of the indoor scenario are proposed in Table I.
Table I: Simulation assumptions of indoor RRH scenario

	Parameters
	Assumptions

	RRH antenna height
	6 m, mounted on ceiling

	Antenna configurations
	(2tx, 2rx)

	Antenna pattern
	Omni-directional

	RRH transmit power
	24 dBm

	UE transmit power
	21 dBm

	Minimum distance between UE and RRH
	>= 3 m

	Channel model
	Indoor hotspot model (InH)

	UE distribution
	Randomly and uniformly distributed over area

	Number of UE
	10 / floor

	UE speed of interest
	3 km/h

	Inter-site interference modeling
	Explicitly modeled

	RRH noise figure
	5 dB

	UE noise figure
	7 dB

	RRH antenna gain (boresight)
	0 dBi

	UE antenna gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	Path loss model
	Refer to TR 36.814 Table A.2.1.1.2-3


All RRHs in the building are connected to a common baseband unit (BBU). Fast and reliable data exchange among RRHs can be realized. One feasible transmission scheme is dynamic RRH selection. Further, joint processing (JP) is also possible.
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Figure 2: Indoor scenario: one floor (left) and the building (right)

2.2 Outdoor scenarios
2.2.1 Homogeneous macro network

The outdoor homogeneous scenario is studied extensively during LTE-A study item [2]. One of the most important cases is intra-eNodeB coordination as shown in Figure 3. Intra-eNodeB coordination can be further classed by intra-site (left of Figure 3) and inter-site (right of Figure 3). In case of the intra-eNodeB scenario, feasible backhauling without interface protocol is available. Extensive study shows that CoMP can provide significant gains in this scenario. 

In addition to the simulation assumptions agreed in [3], the following refinements are proposed:

· 8Tx antennas
· Since the design of 8Tx codebook and 8 ports CSI-RS is completed in LTE Rel-10, it is natural to incorporate 8Tx antennas into simulation assumptions.

· ITU UMI model
· The urban micro-cell model focuses on small cells and dense urban areas, such as city centers with high user densities and traffic loads . This scenario is highly interference limited, thus it is likely to obtain large gain by using CoMP transmission. 
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Figure 3: Outdoor homogeneous macro network, intra-site (left) and inter-site (right) coordination

2.2.2 Distributed RRH

Distributed structure in macro coverage area can be realized through various products (sometimes the same products with different terminologies), such as remote RF unit (RRU), remote radio head (RRH), remote radio element (RRE), distributed antennas (DA), and so on. In generally, RRH is defined as a radio equipment located away from eNodeB. Specifically, RRH comprises RF transceivers, A/D-D/A converters, and an optical modulator and demodulator. RRH is located away from the central eNodeB, and connected to the baseband unit (BBU, which is usually located at the central eNodeB) via optical fiber. Distributed RRH can be applied for different scenarios, such as coverage of a wide area, hot spot area, and continuous coverage for high speed train etc.

2.2.2.1 Distributed RRH for coverage extension
In this scenario, distributed RRH is used to provide continuous coverage over a wide area. One or several RRHs constitute a cell. RRHs within a cell are connected via fibers to a common central eNodeB. It is a direct extension of the homogeneous macro networks. The RRHs within a macro cell are uniformly distributed within macro cell area. For simulation purpose, the topology of the network may follow hexagonal layout. The basic geometry of the hexagon layout is defined according to 3GPP CASE 1 or ITU UMI. For simulation purpose, the network could be a wrap-around configuration of 57 cells. Users are uniformly distributed over the whole area. The RRHs are planned in advance to be uniformly distributed over a cell. Layouts of 3 RRHs and 7 RRHs within a cell are given as examples in Figure 4.

Joint processing among RRHs with a macro cell is feasible in this scenario, and significant gains are expected.
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Figure 4: Example layout of distributed RRH for coverage extension
The simulation assumptions of this scenario are proposed in Table II as follows:
Table II: Simulation assumptions of distributed RRH for coverage extension
	Parameters
	Assumptions

	Number of RRH per cell
	1/3/4/5/6/7

	Antenna configurations
	(2tx, 2rx) 

	Antenna pattern
	Omni-directional

	Total RRH TX power
	24/30/37 dBm

	Total UE TX power
	24 dBm

	Minimum distance between UE and RRH
	>= 10 m

	Minimum distance between RRH
	40m

	Placing of RRH
	Preplanned

	Channel model
	SCM

	Number of UE
	10 / cell

	UE distribution
	Randomly and uniformly distributed over area

	UE speed of interest
	3 km/h

	Inter-cell interference modeling
	Explicitly modeled

	RRH noise figure
	6 dB

	UE noise figure
	9 dB

	RRH antenna gain (boresight)
	5 dBi

	UE antenna gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	Path loss model
	Refer to TR 36.814 Table A.2.1.1.2-3


2.2.2.2 Distributed RRH for hot spot
In this scenario, RRH is served as a complement to the macro base station, that is, a RRH is deployed at hot spot area to provide high data rate. The macro base station is used to provide coverage. This scenario can also be referred as macro-pico scenario when cell IDs are different between Macro and RRHs. The RRHs are connected to the macro base station via fiber cables. They are controlled by the same baseband unit (BBU) of the macro cell. The remote RRH can form a separate cell from its mother cell or be subject to its mother cell. For simulation purpose, topology of macro coverage area could follow the same rules as the homogeneous macro network scenario. RRHs are dropped within the macro coverage area with a random uniform distribution, subject to minimum separation to the macro sites. The density of RRHs within macro coverage area is a variable in the simulations, e.g., number of RRH could be 1/2/4. Other details of simulation assumptions can refer to TR 36.814 Table A.2.1.1.2-3.

Joint processing and CS/CB are both applicable in this scenario, especially CS/CB. Since transmit power of macro base station is much higher than RRH, usually the signal from macro cell is a strong interference to users anchored to RRH. Therefore, if macro cell steers away its beams from the UE anchored to RRH, performance will be significantly improved. Besides, joint processing is a suitable transmission scheme if RRHs are subject to macro cell, as the control channel and CRS of macro cell and RRHs are common, and there is no collision between them. 
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Figure 5: Example layout of distributed RRH for hot spot

2.2.2.3 Distributed RRH for high speed train

The key characteristics of this scenario are long range narrow area coverage to support high speed trains. The distributed RRH are distributed along the railway / highway. Two or several RRHs belong to the same cell. When the train moves toward a RRH, the signal from the RRH will become stronger, and the signal from the RRH in the opposite direction will become weaker (as shown in Figure 6). After reaching some threshold, users in the train can switch their serving RRH to the RRH in front of the train. Alternatively, users could be served by multiple RRHs simultaneously. Since the two RRH belongs to the same cell, frequent handover can be avoided in this case, which will save lots of signaling overhead. The coordination between RRHs is important for continuous coverage and deployment cost reduction. In this scenario, the simulation assumptions need further study.
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Figure 6: Example layout of distributed RRH for high speed train

3 Conclusions
In this contribution, we clarify our understanding on the details of scenarios considered for CoMP study, mainly including:

· Indoor with two RRH at each building floor

· Outdoor – traditional homogenous network with refinements

· Outdoor – distributed RRH as wide area coverage or hotspot

Simulation assumptions of the interested scenarios are discussed. We propose that RAN1 should first reach consensus on these scenarios and simulation assumptions before further studying CoMP. Also, higher priority should be given to traditional homogenous network with proper refinements as follow:
· 8Tx antennas

· ITU UMI model
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