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1. Introduction & Background
Explosive growth of mobile data traffic due to increasing smart phone usage & mobile-broadband penetration are expected to be happened in the future.  Currently, 60% voice traffic and 70% data traffic are happened indoor. In future, 90% Indoor/Hotspot traffic are estimated.  These motivate the so-called LTE small cell enhancement to ensure the competitiveness of 3GPP in the future.

LTE small cell enhancement which is targeting for local access point for hotspot and indoor is a promising extension for expanding capacity. More dense deployment plays an important role, and it should be very flexible for deployment from operators’ perspective with the growing number of cells in anywhere. The small cell cluster compromise of one or more small cells. Within the cluster, the cells are coordinated with each other in order to achieve efficient operations for interference avoidance, cell discovery, TDD UL/DL reconfiguration and etc.
This contribution introduces the design options for such an efficient operation for the small cell cluster.

2. Common solution to support efficient operation

2.1. Ideal backhaul / non-ideal backhaul

In many cases, the backhaul bottleneck is the key problem to expanding the network deployment. For the home or indoor use, existing backhauling resources can be utilized to overcome disadvantage of expansive deployment cost, which has different delay/throughput performance. These backhaul characteristics play important roles on coordination between small cells and macro cells. 

Several studies on backhaul requirements are being carried out, such as [2]. The actual backhaul latency depends on the technology and on the network topology. 

For Macro cell, mobile backhaul technologies can be classified in 3 main families [3]:
· Optical fiber: point to point (needed for BBU Hostelling), point to multipoint (GPON)

· Copper: ATM, VDSL, etc.

· Microwave
For small cell, depending on its deployment location, additional possibilities can be envisioned:

· ADSL for backhaul
· Optical fiber: Fiber To The Building or Home

· Wireless backhaul, e.g., Relay

By summarizing different backhaul characteristics, the small cell deployment can be categorized as follows,

· Ideal backhaul, in which the backhaul latency, jitter and/or capacity is NOT a bottleneck.

· Non-ideal backhaul, in which backhaul latency, jitter and /or capacity is a bottleneck.

The detailed latency/jitter/capacity of different backhaul combination needs to be FFS.

In Rel-10/11, extensive works were done based on the assumption of ideal backhaul, e.g., CoMP and CA. Meanwhile, system optimization and/or enhancement for the deployment with non-ideal backhaul are without sufficient studies but with practical use. Therefore, it seems reasonable that the non-ideal backhaul shall have higher priority in the future standardization, e.g., small cell enhancement. Naturally, any resulting solutions can also be applicable to the ideal backhaul cases. .

Proposal 1: Non-ideal backhaul should be prioritized in small cell enhancement studies in Rel-12.

2.2. With/without macro coverage

Depending on whether network services are provided with other existing infrastructures or not, e.g., macro cell, the small cell deployment can be categorized as follows,

· With macro coverage: Small Cell deployment is within macro cell overlay

· Without macro coverage: Small Cell deployment is without macro cell overlay

In the case of macro-layer coverage could not be assumed, standalone operation of small cell enhancement (i.e. where user can access only small cell nodes) should be firstly prioritized. 

Proposal 2: Small cell with macro coverage as well as without macro coverage are important scenarios for real deployment, thus both of them should be the target scenarios for small cell enhancement studies.

2.3. Cluster-based coordination between cells
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Figure 1. coordination between small cells and macro cells

A small cell cluster is organized by many small cells. It is characterized as (Figure 1),

(1) The small cells within a small cell cluster are coordinated with each by “coordination entity”. 

Such “coordination entity” is a logical entity in the network. When the macro cell is presented, such coordination entity can be located in the macro cell with macro eNB. Otherwise, the coordination entity are located in some other place. Figure 2 is an illustration of the coordination entity which are placed at different place when the macro are presented or absent.
(2) The small cell can coordinated with macro cell in case macro cell is presented.

(3) Coordination via ideal or non-ideal backhauls is possible, including wireless backhaul, e.g., over-the-air listening and measurement.

Proposal 3: The coordination scheme is proposed as in Figure 1.
The “X2” is an interface for exchange information between small cells or macro cell. 

Considering the non-ideal backhaul case, the latency and QoS is not always guaranteed. Therefore, air-interface based should be very attractive way to achieve fast coordination with each.
The  “Iub” is an interface for exchange information between cell and coordination entity.

It can be either no-ideal backhaul or ideal-backhaul.
If the UE is served by a small cell, UE can receive data and control from small cells. The “X2” can be an air-interface exchange L1 message or measurement, its delay and QoS can be guaranteed. Therefore, the UE can quickly be notified by the coordination entity. A single connection to small cell is enough. The coordination entity can be a common entity for both with macro and without macro coverage.
Proposal 4: strive for a common solution for both with macro and without macro coverage
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	(a) UE single connectivity, with macro coverage
	(b) UE single connectivity, without macro coverage


Figure 2.
Alternatives for different scenarios
2.4. UE velocity

The cell radius of small cell is usually small due to low transmission power, e.g., 50m or less. As for the UE with medium or high speed, e.g., 60km/h, the residence time when UE passed through the small cell is less than 2.5 seconds when the cell diameter is 50m. (Figure1). Therefore, it is easier to reside the UE in macro layer in case it exists. For low speed UE, e.g., 3km/h. the residence time when UE passed through the small cell is more than 50 seconds when the cell diameter is 50m. Therefore, small cell offloading is important for the UE to have better user experience.

Proposal 5: Small cell optimization should be mainly targeted for low mobility UEs. 
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Figure 2.
Residence time when UE passed through the small cell

2.5. Dense / sparse deployment

One important tool to expanding network capacity expansion is cell splitting. More dense deployment plays an important role of offloading. 

Small cells, e.g., local access point for hotspot and indoor, are promising extension for expanding capacity. It is very flexible for deployment from operators’ perspective. User deployment for home use can also be considered.  For example, each home/office deploys separate cell for local access. 

Proposal 6: Dense deployment should be an important scenario for Rel-12 small cell enhancement studies. Enhancements of  network autonomous configuration should be studied.

2.6. Standalone / non-standalone carrier
Considering Macro and Small cell are deployed on different carriers (different carrier frequency), it is important to take coordination between two layers into account. For example, the macro cell is treated as “mother carrier” and the small cell is treated as “dependent carrier”.  A UE completes access to the system before completion of physical and higher layer procedures. Such as reception of synchronisation, system information, initiating random access procedure and etc. For “mother carrier”, all necessary signals are transmitted for UE to access. And for “dependent carrier”, it may have the following options,

· Option 1: Carrier-specific standalone 
· Keep the synchronisation signals, system information and other necessary information transmitted on the carrier.
· It is applicable for UE without CA or with CA capability. When the small cell is not in the coverage of macro cell, it can also access the network.
· Option 2: Carrier-specific non-standalone 
· It can only work associated with legacy carriers (e.g., Macro cell with a legacy carrier)
· It is accessible for the UE-capable UE.  When the small cell is not in the coverage of macro cell, CA-capable UE can access the network on when the small cell also has a legacy carrier working with the new carrier.
One argument of introducing non-standalone carrier is overhead reduction. But the benefit brought by reducing synchronization signals and system information transmission for non-standalone carrier is quite limited and does not validate the necessity of two different solutions. Also, for small cells, it may overlap with the Macro coverage or not. The design should apply no matter whether there is macro coverage or not. A common solution in Rel-12 for both cases is important. Therefore,
Proposal 7: A common solution for both with macro and without macro coverage should be targeted for Rel-12 small cell enhancement. Therefore, carrier-level standalone should be kept.
2.7. Mobility between small cells

Non-uniform traffic distribution and heavy loaded case may be attractive for dense deployment of small cells. Mobility between small cells may also be one interested topic when their coverage is overlapped.
Proposal 8: Mobility between small cells should be considered.
3. Handling of macro-layer/small cell information exchange –“X2” 
3.1. Cell listening 

It is of practical use that coordination between small cells and between small cell and macro cell is necessary to provide sufficient robustness of mobility, efficient resource allocation and etc. Therefore, it is important to study the mechanism of how to handle information exchange between cells. The small cells are usually having various types of backhaul. A non-ideal backhaul model can be considered as a common model for universal technique to deploy. Thus, two approaches can be considered, 
· Option 1: based on backhaul

· X2 like interface exchange necessary information between macro and small cell, small cell and small cell
· Option 2: based on air-interface listening, e.g.,
· Small cell listens to macro cell 

· Macro cell listens to small cell 

· Small cell listens to the neighboring small cell.
Considering different delay/capacity characteristics of these two options, it is of interests of the following scenarios, which characteristics have also been captured in [5].
	Backhaul Technology
	Latency (One way)
	Throughput
	Example

	Option1: 
	i.e.Good Fiber Access 1 
	10-30ms 
	10M-10Gbps
	typical backhaul widely used in the market such as xDSL, NLOS microwave

	
	i.e.,DSL Access
	15-60ms
	10-100 Mbps
	

	Option2: i.e. Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	wireless relaying


Wireless backhaul can achieve almost the same performance in terms of latency compared to wired backhaul. Followings is a list of additional pros of cell listening,
· In some case, wireless backhaul can have better latency performance if it is L1 signaling exchanged between two cells.

· It does not bring burdens to the network.

· Better inter-operable between cells from different vendors by defining specification of eNB behaviors.
3.2. Use case
In Rel-12 small cell studies, there are some new feature are under studying. These features require coordination between cells. It is of interests to see whether these feature can be handled by L1 signaling or L1 measurement. However, higher layer signaling can also been taken as an alternative in case the signaling are not quite often triggered.
	
	Period of signaling/measurement
	L1 or higher layer?

	Fast cell selection
	10ms ~ 100ms
	L1

	Exchange discovery signal information between cells in order to assists UE in serving cell for fast cell discovery by acquiring neighboring cell information
	Long term.
	Higher layer

	Neighboring cell RS configuration, e.g., CSI-RS, TRS to reduce cell planning efforts and enable fast plug and play
	depending on the period of how often small cell switch from dormant mode to active mode
	[FFS]L1 or Higher Layer

	Dynamic TDD UL/DL configuration
	10ms~100ms
	L1

	eNB measurements to estimate the interference level from/to another eNB in case of dynamic TDD UL/DL configuration
	Long term
	L1


Proposal 9: in order to assist cells to exchange L1 signaling or measurement in a fast and dynamic way, it is proposed to study cell listening mechanism for small cell efficient operation.
3.3. Efficient small cell listening mechanism
In order to support efficient cell listening mechanism, a couple of requirements can be targeted as follows,
· Time-domain granularity can be set as the minimum time-domain granularity of the above aspects

· Minimum impact due to data transmission interruption / packet loss during eNB listening to other cells

· Efficient cell listening mechanism in a cluster in a two-way approach, which comprise one or more cells
· The serving cell can hear the nearby cells

· The serving cell can tell the nearby cells
4. Sleep mode/Active mode

In Rel-8 to 11, CRS based carrier design are considered, which means CRS are present in every DL subframe in order to enable RRM/RLM measurement, demodulation of PDCCH and etc. 

In Rel-12, Reduced-CRS-based carrier design is now being studied in Rel-12 NCT WI. The Reduced CRS are presented every 5ms and is only for synchronisation purpose. 

For small cell, one of the interested scenarios is dense deployment. In such case, few UEs are in the coverage of a small cell. Thus, one requirement of such scenario is to reduce the power consumption. Time-domain muting of the small cell when no traffic is occurred is valuable to be taken into consideration in such scenario. However, in order to enable UE discover the small cell (with/without presence of the macro cell), a common cell discovery reference signal (Discovery-RS) is presented. It is naturally that the Discovery-RS is occurred with a long periodicity in order to reduce the transmission power as well as the interference to other cells.

The following figures illustrate the schemes aforementioned. Rel-12 small cell study should take these scenarios into account. And cell sleep/active mode based carrier design should be focused in Rel-12 small cell study.

Proposal 10: The new cell discovery-RS with a long periodicity should be taken into account in Rel-12 small cell study. 
Proposal 11: cell sleep/active mode based carrier design should be focused in Rel-12 small cell study. 
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5. Conclusion
In this contribution, the deployment scenarios for Rel-12 small cell enhancement and potential technical enhancement to the carrier design for Rel-12 small cell enhancement are discussed. It is proposed as follows, 
Proposal 1: Non-ideal backhaul should be prioritized in small cell enhancement studies in Rel-12.

Proposal 2: Small cell with macro coverage as well as without macro coverage are important scenarios for real deployment, thus both of them should be the target scenarios for small cell enhancement studies.

Proposal 3: The coordination scheme is proposed as follows.
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Proposal 4: strive for a common solution for both with macro and without macro coverage

Proposal 5: Small cell optimization should be mainly targeted for low mobility UEs. 

Proposal 6: Dense deployment should be an important scenario for Rel-12 small cell enhancement studies. Enhancements of  network autonomous configuration should be studied.

Proposal 7: A common solution for both with macro and without macro coverage should be targeted for Rel-12 small cell enhancement. Therefore, carrier-level standalone should be kept.
Proposal 8: Mobility between small cells should be considered.
Proposal 9: in order to assist cells to exchange L1 signaling or measurement in a fast and dynamic way, it is proposed to study cell listening mechanism for small cell efficient operation.

Proposal 10: The new cell discovery-RS with a long periodicity should be taken into account in Rel-12 small cell study. 
Proposal 11: cell sleep/active mode based carrier design should be focused in Rel-12 small cell study. 
References
[1] RP-121418
New SI proposal: Study on Scenarios and Requirements for LTE Small Cell Enhancements
CMCC 

[2] A requirement specification by the NGMN Alliance: NGMN Optimised Backhaul Requirements.
[3] R1-111174
Backhaul modelling for CoMP, Orange, Telefónica
[4] R1-122890
Autonomous inter-cell interference cancellation
CMCC
[5] TR 36.932 Scenarios and Requirements for Small Cell Enhancement
[image: image7.png]


[image: image8.jpg]










































5/7

_1419799228.vsd

_1419799245.vsd
Macro


eNB



_1409583365.vsd
�

�

￼�


_1410075734.vsd
￼�

�

�

CRS (legacy)


Long periodicity�

Cell Sleep Mode (NCT)


Active Mode�

Sleep Mode�

Active Mode�

CRS


Cell Discovery RS


Reduced CRS (NCT)



