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1. Introduction

At the RAN Plenary #58 meeting, Rel-12 investigations on scenarios and requirements for LTE small cell enhancement (SCE) were completed, and target scenarios for SCE were summarized from the viewpoints of deployments such as outdoor/indoor and ideal/non-ideal backhauls in TR 36.932 [1]. Furthermore, there was offline discussion among 15 operators mainly focused on small cell migration scenarios [2]. Figure 1 shows the proposed target small cell deployment scenarios captured in [2]. 
This contribution discusses further clarification/ elaboration on the SCE scenarios so that they are more clearly associated with potential candidate technologies. We first attempt to clarify the SCE scenarios with our remarks on deployments, and then show the selected target SCE scenarios that require more technologies for enhancements. The simulation assumptions for evaluation are proposed based on the target SCE scenarios and candidate technologies in our companion document [3].
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Figure 1 – Deployment scenario of small cell in [2].

2. Potential SCE Scenarios
The scenarios in Figure 1 can be categorized as follows:

· Co-channel/ Separate frequency

· Scenario #1: Co-channel

· Scenarios #2/ #3: Separate frequency

· With/ Without coordination between macro cell and small cells

· Scenario #1/ #2: With coordination

· Scenario #3: Without coordination

 In this section, the following deployment aspects are considered –to clarify and elaborate further on the scenarios. 
· Ideal/non-ideal backhaul between macro and small cells

· Ideal/non-ideal backhaul among small cells

· Dense/sparse deployment
2.1
SCE Scenario #1
The definition of Scenario #1 is quoted from [2]:

· Small cell should be deployed in the same carrier as Macro cell

· The carrier is likely to be the first one or two carriers for LTE deployments

· It is assumed that only one or two carriers are available at the initial stage of LTE deployment is assumed

· Therefore, co-channel deployments are likely to be adopted

· Assume some coordination between Macro and Small cells via ideal or non-ideal backhauls 
· When Macro cell coverage is not available, small cell should also operate as a stand-alone cell
· Assume the number of Small Cells per Macro cell can be higher than 4 (Assume multiple small cells are adjacent with each other considering the dense small cell deployment)

· Potential technical features to be studied and evaluated in Rel-12 and beyond: Co-channel deployments should take into account the interference between R12 signal/channels defined for Small Cell Enhancement and R8/9/10/11 signal/channels, Further enhanced SON, Further enhanced MDT and Significant energy saving

· Techniques which are specified for frequency-separated deployments might be applied to co-channel deployments

It is noted that co-channel deployments were extensively discussed in Rel-10 (eICIC) and Rel-11 (FeICIC/ CoMP), and Rel-12 work should build based on the Rel-10/ Rel-11 studies. Therefore, points to be studied for Scenario #1 in the Rel-12 time frame can be summarized as follows.
· Feasibility studies for dense deployments should be conducted for both ideal and non-ideal backhauls.
· Rel-10/11 eICIC (non-ideal backhaul) and Rel-11 CoMP (ideal backhaul) target relatively sparse small cell deployment scenarios. 

· Techniques including mobility, SON (including load balancing), and easy cell planning should be studied
Considering the above points, Scenario #1 for co-channel deployment is shown in Fig. 2
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Figure 2 – SCE Scenario #1 (Co-channel)
2.2
SCE Scenario #2
The definition of Scenario #2 is quoted from [2]:

· Small cell should be deployed in a carrier different from Macro cell

· The 2nd or 3rd LTE carriers are likely to be used as a small-cell-dedicated carrier especially for high traffic area so as to quickly deploy small cells

· Note that these carriers could be used for Macro cell as well, e.g. in the earlier/later stage or in rural area

· Small cell carrier should be backward compatible

· Legacy UE can access to small cell as a legacy cell (stand-alone cell)

· When Macro cell coverage is not available, small cell should also operate as a stand-alone cell

· Assume the number of Small Cells per Macro cell can be higher than 4 (Assume multiple small cells are adjacent with each other considering the dense small cell deployment)

· Potential technical features to be studied and evaluated in Rel-12 and beyond: Dual connectivity with Macro cell and Small cell such as Inter-eNB CA, Mobility/Discovery enhancement, Enhanced coordination for dense small cells, Further enhanced SON, Further enhanced MDT, Significant energy saving

Unfortunately, separate frequency scenarios have not been thoroughly studied so far in the 3GPP and further clarification/ elaboration is needed. Points to be studied for Scenario #2 in the Rel-12 time frame can be summarized as follows.
· Non-ideal backhaul should be baseline assumptions in order to deploy readily a number of small cells
· Note that techniques in this study should also be applied to the ideal-backhaul case
· Both ideal and non-ideal backhauls among small cells should be taken into account
· For an ideal backhaul, dynamic point association/coordination among RRHs can be applied. Thus, an ideal backhaul should be investigated as well as a non-ideal backhaul.
· Feasibility studies should be conducted for dense small cell deployment 
· Small cells will be deployed in a dense manner to satisfy future traffic demands. A preliminary simulation result (see Fig. A1 in Annex) shows that the sector throughput increases roughly in proportion to the number of small cells. The gain slightly decreases with the number of small cells since the number of UEs per small cell is reduced, and thus scheduling gain is reduced. However, the gain is clearly observed even in dense small cell deployment scenarios, e.g., 50 small cells. Therefore, super dense scenarios deploying more than 50 small cells would be worth investigation.
· Techniques including mobility, SON (including load balancing), and easy cell planning should be studied
Considering the above points, Scenario #2 for separate frequency deployment is shown in Fig. 3. SCE Scenario #2 is classified into 3 scenarios depending on actual usage cases, such as small hot spots, shopping malls, and city square. It is assumed that such usage cases would be correlated to the backhaul assumptions in general. Scenario #2a (Fig. 3(a)) assumes a non-ideal backhaul between macro cell and small cells and a non-ideal backhaul among small cells. Scenario #2b (Fig. 3(b)) assumes a non-ideal backhaul between the macro cell and small cells, an ideal backhaul among small cells inside a small cell cluster, and a non-ideal backhaul among small cell clusters. The small cells in a small cell cluster would be deployed as a remote radio head (RRH). In this case, an eNodeB to control small cells (RRHs) is equipped in the small cell layer as well. Scenario #2c (Fig. 3(c)) further assumes an ideal backhaul among multiple macro cells and multiple small cells. Scenario #2c can be regarded as an extension of Scenario #2b.

It is noted that what makes Scenario #2c different from Scenario #2b is only the backhaul type between the macro cells and small cells, and such a difference may have a slight impact on coordination scheme between the macro cell layer and small cell layer, i.e., intra-eNodeB or inter-eNodeB CA, from a RAN1 point of view. It is also noted that Scenario #2b explicitly accounts for small cell clusters and issues regarding the small cell cluster boundary could be discussed in the SI through this scenario.
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Figure 3 – SCE Scenario #2 (Separate frequency)
2.3
SCE Scenario #3
The definition of Scenario #3 is quoted from [2]:

· Small cell could be deployed as a stand-alone cell

· Assume stand-alone operation of small cell regardless of Macro coverage presence

· Small cell could be deployed in some areas where coverage of macro is not present, while in other case, the coverage of macro is good

·  Assume small cell could be backward compatible and non-backward compatible

· Potential technical features to be studied and evaluated in Rel-12 and beyond: standalone carrier enhancement for higher frequency without considering legacy UE; mobility enhancement, Further enhanced SON (e.g. for very easy network planning, user deployment, CSG, …), etc.

The following statement is also captured in [2]:

· The necessity of the study for Scenario #3 should be carefully investigated since there are cases in Scenarios #2 and #1 where small cell could operate as a stand-alone cell.
This implies that investigation in this scenario may fall into the study of SCE scenario #1 or #2. Therefore, it is suggested that Scenarios #3 be considered in Scenario #2 (or #1) unless potential candidate technologies specific to this scenario are identified.
3. Overview of Candidate Technologies 

In this section, we present overviews of the candidate technologies that we will investigate in the Rel-12 SCE SI. Then, we discuss the relationship between the candidate technologies and aforementioned SCE scenarios.
3.1
Overview of Rel-12 Technologies
· Dual connectivity [4]

“Dual connectivity” is an agreed study topic for SCE SIs for both the higher and physical layers [5, 6]. Figure 4 illustrates the concept of dual connectivity to macro and small cells. While a macro cell provides the control functionalities for basic connectivity, the small cell boosts the user data rate especially for the best-effort type services. Dual connectivity should be supported for non-ideal backhauls as well.
Originally, the concept of dual connectivity was proposed assuming separate frequency deployments such as a “Phantom cell [7]”, “Soft cell [8]”, or “inter-site CA [9]” to utilize efficiently the 2nd or 3rd LTE carriers at a little bit later stage of LTE deployment. Frequency separated small cells can be quickly/ easily deployed in high traffic areas in order to boost the user data rate, while baseline cellular service can be provided in the existing macro cell carriers. Of course, future higher frequency bands would also be targeted for the separated frequency deployments. Since a higher frequency is not suited to provide wide area coverage, a higher frequency would be used to increase the data rate in certain high-traffic areas in this concept. However, dual connectivity for co-channel deployments may be also possible and could be studied. Thus, related scenarios are #2a and #2b, (and potentially Scenario #1).
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Figure 4 – Concept of dual connectivity
· Mobility enhancements [10]

In Rel-12 SCE, new deployment scenarios, i.e., separate frequency scenarios and super-dense deployments will be investigated [1]. In such scenarios, we identify the following potential technologies related to user mobility and cell identification as illustrated in Fig. 5.

(1) Small cell discovery
UE would need to make inter-frequency cell identification and perform measurements efficiently for a number of frequency carriers (See “Issue #1a” in the figure). In Rel-12 SCE, more efficient mechanism, e.g., macro-assisted discovery, for inter-frequency cell identification and measurement should be investigated in terms of UE battery consumption and network energy savings. Furthermore, signal design for small cell discovery should consider the influence of severe inter-cell interference in super-dense deployments (See “Issue #1b” in the figure) potentially including closed subscriber groups (CSGs) cells. When the proposed “macro-assisted” mechanism is assumed, this technology is related to Scenarios #2a, #2b, and #2c.
(2) L1/L2 mobility (multi-point association) [11]
In our view, medium or high UE speeds, e.g., 50 - 80 km/h, should be supported in super-dense deployment in order to maximize the offload gain (See “Issue #2” in the figure). However, if the conventional handover (HO) mechanism is applied to super-dense deployments, HO failures would frequently occur. The solution called “L1/L2 mobility” conducts the mobility among small cells in a lower layer (L1/L2), without defining “cell” coverage boundaries among small cells. This technology mainly focuses on scenarios with ideal backhauls or small cell clusters such as Scenarios #2b and #2c, but the study for non-ideal backhauls may also be interesting.

(3) UE speed estimation [12]
Very high UE speeds such as that of high-speed trains should be excluded in the small cell carriers (See “Issue #3” in the figure). Thus, it is desirable that networks estimate the UE speed and decide whether a UE should be assigned to a small cell carrier for offloading or to a macro cell carrier to avoid unnecessary HO failures or throughput degradation. This kind of technology may also be useful for co-channel scenarios. Thus, the related scenarios are #1, #2a, #2b, and #2c.
[image: image5.png]Fi

F2

F3





Figure 5 – Mobility issues in Rel-12 SCE
· Enhanced coordination [13]

In Rel-12 SCE, it was agreed to study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters [5]. To this end, we will investigate the following technologies and required specification impacts.
(1) Interference coordination and/or load balancing
Compared to Rel-11 CoMP discussions, we focus on much denser small cell deployments in which inter-cell interference among small cell is dominant and very severe. Therefore, we suggest studying the schemes for interference coordination and/or load balancing in dense small cell deployments, i.e., enhanced component carrier (CC)-level coordination and DL dynamic power control as shown in Fig. 6. This kind of technologies could be generally applied to all dense small cell scenarios.
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Figure 6 – Candidate schemes for interference coordination and/or load balancing
(2) Efficient operation with new carrier type (NCT)

To introduce the NCT for Rel-12 SCE, sufficient benefits should be identified in terms of performance, operation easiness, energy savings, and so on. To clarify the motivation of NCT, we propose to investigate the performance gain of CRS (and PSS/SSS) removal assuming the dense small cell deployments and/or dynamic TDD [14]. Furthermore, in order to reduce the cell planning effort or to enhance the SON functionality, we propose to reconsider the number of cell IDs and related physical layer designs (e.g., UL RS) for NCT in small cell layer. One approach is to extend the space of UE-specific virtual cell IDs that was introduced in LTE Rel-11. In our view, the relevant scenarios for NCT are #2a, #2b, and #2c.

· 256QAM [15] / overhead reduction
These kinds of technologies are related to peak data rate enhancement mainly for indoor or sparse small cell deployments and generally applicable for all the SCE scenarios.

3.2
Association of Candidate Technologies with SCE Scenarios
Finally, associations of SCE Scenarios #1 - #3 with Rel-12 candidate technologies are summarized in Table I. We can find that SCE Scenarios #2a and #2b are involved with almost all the potential candidate technologies in Rel-12 SCE SI. Therefore, it is quite reasonable that technologies related to SCE Scenarios #2a and #2b be studied. Technologies related to SCE scenario #1 to cope with co-channel interference in dense deployments are not covered in Scenarios #2a and #2b. Thus, these techniques should also be investigated in Rel-12 SCE SI. On the other hand, technologies specific to Scenario #3 need to be further identified. 
Proposal: 
· Potential candidate technologies related to SCE Scenarios #2a and #2b should be studied.
· Feasibility studies for dense deployments should also be conducted for both ideal and non-ideal backhauls in SCE Scenario #1.

· Technologies specific to SCE Scenario #3 should be further clarified.

Table I – Association of SCE Scenarios with Rel-12 technical topics

	Candidate technologies
	Scenario #1
	Scenario #2a
	Scenario #2b
	Scenario #2c
	Scenario #3

	Dual connectivity
	(X)
	X
	X
	
	

	Mobility enhancements
	Small cell discovery
	
	X
	X
	X
	

	
	L1/L2 mobility
	(X)
	(X)
	X
	X
	(X)

	
	UE speed estimation
	X
	X
	X
	X
	

	Enhanced coordination
	Interference coordination

/ load balancing
	X
	X
	X
	X
	X

	
	Efficient operation with NCT
	
	X
	X
	X
	

	Data rate increase
	256QAM / overhead reduction
	X
	X
	X
	X
	X


4. Conclusion 
In this contribution, we first clarified three SCE scenarios in terms of the following deployment aspects.

· Co-channel/separate frequency

· With/without coordination between macro cell and small cells

· Ideal/non-ideal backhaul between macro and small cells

· Ideal/non-ideal backhaul among small cells

· Dense/sparse deployment
Then, we presented an overview of potential candidate techniques for SCE and showed the association of these techniques to SCE scenarios. Our proposals in this contribution are summarized as follows.
Proposal:
· Potential candidate technologies related to SCE Scenarios #2a and #2b should be studied.

· Feasibility studies for dense deployments should also be conducted for both ideal and non-ideal backhauls in SCE Scenario #1.

· Technologies specific to SCE Scenario #3 should be further clarified.

Currently, we have identified the following overview techniques to be discussed in Rel-12 timeframe.

· Dual connectivity

· Mobility enhancements: 

· Small cell discovery, L1/L2 mobility, and UE speed estimation

· Enhanced coordination: 

· Interference coordination / load balancing and efficient operation with NCT

· 256QAM / overhead reduction
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Annex

Figure A1 shows the sector throughput for macro cell and small cell layers with the number of small cells as a parameter. The simulation assumption for the evaluation is also shown in Table A1.
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Figure A1 – Sector throughput for macro cell and small cell layers.

Table A1 – Simulation Assumption.
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Penetration loss 20 dB

Shadowing standard deviation 8 dB

Multipath channel model Pedestrian-A (w/o fading correlation)

Antenna configuration 2-by-2

Traffic model Full buffer

Scheduling algorithm Proportional Fairness (PF)

Hybrid 

ARQ

Packet combining scheme Chase combining

Round trip delay (RTD) 8 msec

Control delay of AMC, 

precoding and scheduling

8 msec
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