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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1

Scope
This document contains scenarios and requirements for the small cell enhancement for E-UTRA and E-UTRAN.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TS 36.839: "Evolved Universal Terrestrial Radio Access (E-UTRA); Mobility Enhancements in Heterogeneous Networks".
3
Definitions, symbols and abbreviations
3.1
Definitions

T.B.D.
3.2
Symbols

T.B.D.
3.3
Abbreviations

T.B.D.
4
Introduction
At the 3GPP TSG RAN #56 meeting it was agreed to start an email discussion on scenarios and requirements for small cell enhancement, i.e., further enhancements for hotspot area in indoor and outdoor scenarios using low-power nodes, for E-UTRA and E-UTRAN. The low-power node generally means a node which Tx power is lower than macro node and BS classes in Release 11 like Pico eNB can be applicable. The low power node with potentially added functionality for enhanced performance in hotspot areas in indoor and outdoor can be considered. 

Editor’s note: Description on the new BS class should be discussed.
This document captures findings in the course of this discussion and will continue to report findings in an expected Study Item. 3GPP TR 36.913 [x] should be used as reference whenever applicable in order to avoid duplication of the requirements but rather focus on new requirements and differences in this document for small cell enhancement.
5
Objective

The objectives of this document are as follows:
A) Define target scenarios for small cell enhancement considering:
· Deployment scenarios of small cell nodes
· Spectrum usage for small cell scenarios
· Traffic characteristics in small cell scenarios
B) Define requirements for small cell enhancement scenarios considering:
· System, mobility and coverage performance
· Core network related aspects
· Cost and energy efficiency aspects
· Security aspects
6
Target scenarios
6.1
Deployment

· 
· 
· 
· 
· 
· 
· 
· 

Small cell enhancement should target both with and without macro coverage, both outdoor and indoor small cell deployments and both ideal and non-ideal backhaul. Both sparse and dense small cell deployments should be considered. (See Fig. 6.1)
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Figure 6.1: Deployment scenarios of small cell with/without macro coverage
(Note 1: F1 and F2 are the carrier frequency for macro layer and local-node layer, respectively)
With and without macro coverage

As shown in Fig. 6.1, small cell enhancement should target the deployment scenario in which small cell nodes are deployed under the coverage of one or more than one overlaid E-UTRAN macro-cell layer(s) 
in order to boost the capacity of already deployed cellular network. For this scenario, it can be assumed that each user can access both macro nodes and small cell nodes. 
Macro-cell layer coverage may not always be available everywhere, e.g. in certain indoor scenarios, and thus small cell nodes are deployed without an overlaid macro-cell layer also should be targeted for.
Editor’s note: Some companies requested to treat inter-RAT mobility in the small cell enhancement SI though majority of opinions are that it should be treated in a separate study. If inter-RAT mobility need to be considered in this study, we should add a scenario of overlaid 2G/3G macro-cell layer.

Outdoor and indoor (UE speed)
Small cell enhancement should target both outdoor and indoor small cell deployments. 

For indoor UE, only low UE speed (e.g., [0 – 15] km/h),is targeted. For outdoor, not only low UE speed, but also medium UE speed (e.g., [15 – [30? 60?] km/h] ) is targeted. For throughput performance, low UE speed should be mainly considered. For mobility/connectivity performance, not only low UE speed, but also medium UE speed should be taken into account.
Ideal and non-ideal backhaul
Both ideal backhaul (i.e., very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber, LOS microwave) and non-ideal backhaul (i.e., typical backhaul widely used in the market such as xDSL, NLOS microwave) should be studied. Release 10/11 Relaying can be considered as one technique for the non-ideal backhaul of the small cell nodes.
 The performance-cost trade-off should be taken into account.

Editors note: There was a comment to include possibility to analyze scenarios in which X2 interfaces connecting macro cells and small cells are not available, and scenarios in which neither the macro-small cell nor small cell-small cell  X2 interfaces are available
Sparse and dense
Small cell enhancement should consider sparse and dense small cell deployments. In some scenarios (e.g., hotspot indoor/outdoor places, etc.), single or a few small cell node(s) are sparsely deployed, e.g. to cover the traffic hotspot(s). Meanwhile, in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. Furthermore, smooth future extension/scalability (e.g.: from sparse to dense, from small-area dense to large-area dense, or from normal-dense to super-dense) should be considered.
 For throughput performance, dense deployments should be prioritized compared to sparse deployments. For mobility/ connectivity performance, both sparse and dense deployments should be considered with equal priority.
Small cell enhancement should benefit from synchronized deployments with respect to small cell search/measurements and interference/resource management. 
Therefore the focus should be on time synchronized deployments of small cell clusters and new means to achieve such synchronization shall be considered.


Editor’s note: Open issues
· Open access/ CSG/ Hybrid access

· Deployed by users/ by operators

· …

	
	
	

	
	


	

	
	


	

	
	


	

	
	


	

	
	


	

	
	


	

	
	
	



6.2
Spectrum


· 
· 
· 

Small cell enhancement 
should focus on the deployment scenario in which different frequency bands are separately assigned to macro layer and small cell layer, respectively
, where F1 and F2 in Fig. 6.1 correspond to different carriers in different frequency bands.
Small cell enhancement should be applicable to all existing and as well as future cellular bands, with special focus on higher frequency bands, e.g., the 3.5 GHz band, to enjoy the more available spectrum and wider bandwidth.

Small cell enhancement should also take into account the possibility for frequency bands that, at least locally, are only used for small cell deployments.
[Co-channel deployment scenarios between macro layer and small cell layer should be considered. The co-channel scenarios should include the case where the small cell uses a smaller bandwidth carrier (F2 in Fig. 6.1) and number of resource blocks within the same larger bandwidth carrier (F1 in Fig. 6.1) being used by the macro cell.

Editor’s note: One of the issues in the e-mail discussions is whether co-channel deployments should be studied in the small cell enhancement SI or in other SIs/WIs. Further discussions will be needed in order to clarify how further studies for co-channel deployments should be conducted. And description to show priority between different frequency allocation case and co-channel case should be discussed and decided if co-channel case is decided to be included in this study.
Small cell enhancement should be supported irrespective of duplex schemes (FDD/TDD) for the frequency bands for macro layer and small cell layer.

6.3


Traffic

Editor’s Note: Following points can be considered
· Uniform/non-uniform traffic load

· Traffic load (full/high/low)
· Diverse traffic types of different applications

· …
In
 a small cell deployment, it is likely that the traffic is very fluctuating since the number of users per small cell node is typically not so large due to small coverage.
In a small cell deployment, it is likely that the user distribution is very fluctuating between the small cell nodes.
7
Performance requirements
Editor’s Note: Primarily qualitative statements on what to achieve and what is important
7.1 System performance

Editor’s Note: Following points can be considered
· Downlink/uplink user throughput
· Downlink/uplink capacity
· …
Small
 cell enhancement should support significantly increased user throughput for both downlink and uplink with main focus on typical user throughput (e.g. 50% and 5% point of CDF of the user throughput).
Small cell enhancement should target the cell-edge 
user throughput, i.e. 5% point of CDF of the user throughput, for both downlink and uplink to be as high as possible, given a reasonable system complexity, especially for the dense scenarios, i.e., scenario #2, #4, and #6. A more homogeneous distribution of the user experience over the coverage area is highly desirable and therefore a special focus should be put on improving the user throughput. Small cell enhancement should keep the fairness of the user throughput for both downlink and uplink in a scenario, where user distribution is “dynamically” changing.
Small cell enhancement should target the capacity per m2 to be as high as possible, given a reasonable system complexity. 

Increase in the number of small cell nodes can increase user throughput and capacity per m2, while cost for backhauling network planning/configuration/optimization, operation/maintenance, also increases as described in clause 8.1. Both aspects should be equally considered in the feasibility study.

7.2
Mobility performance
Editor’s Note: Following points can be considered
· Discovery
· Mobility
· …
Small cell enhancement should support mobility which is required for the deployment scenarios described in clause 6.1.
Small cell enhancement should support mobility which is required for the future spectrum use in higher frequency bands (e.g.: more available spectrum and wider bandwidth).

Sparsely deployed 
In these scenarios, small cell nodes need to be detected and potential mobility to small cell node performed in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.
Small cell enhancement should minimize the core network impacts caused by mobility to/ out-of the small cell node.

Densely deployed 
In these scenarios, small cell enhancement should support medium UE speed while maintaining good quality of service, especially in outdoor scenarios
.
Small cell enhancement should support mobility across densely deployed small cell nodes and should be optimized for low mobile speed from 0 to [15] km/h. Middle mobile speed between [15] and [60] km/h should be supported with good performance.

Furthermore, small cell enhancement should minimize the core network impacts caused by mobility among a large number of small cell nodes.

Small cell enhancement should support appropriate solutions for excluding high mobility users in the small cell layer.

Real-time services should be supported in small cell enhancement. The impact of mobility between small cell nodes on quality (e.g. interruption time, packet loss) shall be less than or equal to that provided by Release 10/11 E-UTRA/E-UTRAN.

Small cell enhancement should consider techniques and mechanisms to reduce C-plane/U-plane latency and packet loss during mobility between small cell nodes compared to Release 10/11 E-UTRA/E-UTRAN. Small cell enhancement should consider techniques and mechanisms to reduce C-plane/U-plane latency and packet loss during mobility between macro cell nodes and small cell nodes compared to Release 10/11 E-UTRA/E-UTRAN.
Mobility enhancements considered under the future technical Study Item should be relevant to the deployment scenarios described in clause 6.1. Further enhancements which are not covered by other SIs/WIs (e.g., [1]) should be considered, and duplicated work should be avoided.

7.3
Coverage performance
Editor’s Note: Following points can be considered
· Effective range of small cell node for each scenario, Balance between DL and UL
· …
Small cell enhancement coverage should be sufficiently/dynamically flexible for both uplink and downlink to support a variety of deployment scenarios described in clause 6.1. 
The coverage of the small cell layer is generally discontinuous between different hotspot areas, while each hotspot area is covered by a group of small cells, i.e. a small cell cluster.

7.4
Core network aspects
Editor’s Note: Following points can be considered
· Core network related impacts (e.g. Minimize CN impacts due to large number of small cell nodes)
· …
Small cell enhancement should minimize signaling load to the core network due to increasing number of small cell nodes.

8
Cost and energy efficiency
8.1
Cost and complexity
Editor’s Note: Following points can be considered

· Deployment cost
· Operational cost
· UE cost

· System complexity 

· …
Small cell enhancement shall satisfy the required performance. Additionally, cost and complexity shall be minimized in order to support small cell enhancement deployments described in clause 6.1.
Small cell enhancement should allow for low network cost by: 

· allowing for different backhaul solutions, 

· allowing for low-cost deployment, e.g. by means of SON functionality,

· For example, network planning efforts should be minimized, network configuration efforts including aspects like ID management and neighbour relation configuration for small cell nodes as well as network optimization efforts including aspects like mobility robustness, load balancing and energy saving for small cell nodes should be automated by means of SON. Small cell enhancement should support minimization of drive tests.

· allowing for low operation and maintenance tasks

· Operation and maintenance tasks related requirements of Release 10/11 E-UTRA/E-UTRAN are applicable for small cell enhancement. Due to potentially large number of small cell nodes it is expected that small cell enhancement related optimizations may be needed for fulfilling these requirements.
· allowing for reduced base station implementation cost, considering e.g. relaxation of RF requirements 
in small cell scenarios
· Note: All the interfaces specified shall be open for multi-vendor equipment interoperability. 
Small cell enhancement should be possible to implement with low incremental complexity of UE and allow for long UE battery life (standby and active). 
Small cell deployment should be accessible for LTE UEs of earlier Releases. However, it is acceptable that UE’s of earlier Releases does not enjoy the full benefit of all small cell optimizations and may need to operate with a reduced performance on the small cell layer.

Different UE capabilities should be considered for small-cell enhancements, especially with respect to features related to UE RF complexity such as the possibility for simultaneous transmission to (or reception from) the macro and small cell layers.

System complexity shall be minimized in order to stabilize the system & inter-operability in earlier stage and decrease the cost of terminal & network. For these requirements, the following shall be taken into account:

a)
Minimize the number of options

b)
No redundant mandatory features
c)
Limit the number of necessary test cases, e.g. by limiting the number of states of protocols and the number of procedures, with appropriate parameter range and granularity 
8.2
Energy efficiency

Editor’s Note: Following points can be considered

· Network energy efficiency
· UE energy efficiency
· …
Small cell enhancement should target the network energy efficiency (bit/J/m2 or bit/s/Hz/W or Bit/Hz/J/m2
) to be as high as possible, given a reasonable system complexity with considering the traffic characteristics of small cell enhancement described in clause 6.3. The trade-off between user throughput/capacity per m2 and network energy efficiency (bit/J/m2) should be considered.

High 
UE energy efficiency should be targeted. This means balancing effort in terms of UE energy efficiency, e.g., UE mobility measurements, cell identification and small cell discovery, end-user experience and system performance.
9
Security requirements
Editor’s Note: Following points can be considered
· Security aspects
· …
The small cell enhancement area architecture should have a comparable level of security as Release 10/11 E-UTRA and E-UTRAN for the deployment scenarios of small cell enhancement described in clause 6.1. 

�according to email discussion on the definition of small cell


�


Regarding the terminology of “cell,” Ericsson commented that it should be noted that what we may come up with in the end may not be a "cell" according to current 3GPP definitions (that is up to the SI to conclude on).


�


-CATR commented that different frequency between macro and small cell layers should be prioritized.


-Samsung commented that different frequency between macro and small cell layers should be prioritized.


�This section was changed so much according to discussion results in Qingdao and email discussion on RAN reflector.


�


Comments from Ericsson


�According to discussion result on inter-RAT mobility, editor's note is added.


�


Comments from Ericsson


�


CMCC suggested that the parameter (ideal/ non-ideal backhaul) should be included in the table.


CATT agreed with this comment.


Huawei agreed with this comment.


CATR agreed with this comment.


ZTE agreed with this comment.


-Vodafone commented that non-ideal backhaul is important.


-Samsung commented that non-ideal backhaul is important.


-Some companies commented that what “non-ideal” means, e.g. in terms of delay would need to be clarified.





�


Hitachi commented that it is important to clarify what exact information is carried over by the backhaul interface. (It would be issues to be studied in the SI phase.)


�


Proposed by Ericsson as an alternative to adding Scenario 7


Nokia agreed with Ericsson’s comments.


Vodafone commented that relay backhaul capacity/link budget improvements should be targeted.


�


-TP from Hitachi


�


TP from DOCOMO


�


TP from Huawei and DOCOMO.


It was discussed whether time synchronization scenario should apply to both FDD and TDD or not.


Ericsson commented that synchronized small cell layers could be a typical case (and that may very well be the case also for FDD).


�


TP from Huawei. It was modified based on Ericsson’s comment. 


NSN commented that this statement would not be necessary requirement “style” proposal.


Ericsson agreed with NSN’s comment.


Renesas commented that the need for synchronization should be outcome of the study rather than a requirement.


�


Orange commented that it's worth adding a small sentence to clarify explicitly which one of the BS classes or type of cells as used in 3GPP specifications are covered by the term "Small cells".


Renesas commented that CSG would be possible, but should not be considered the typical case.


Huawei agreed with Renesas’s comments.





# It seems it could be discussed as part of deployment scenarios, and so a new editor’s note was added here.


�


-Comments from CMCC


�


-LGE asked 


( if Scenarios 1- 4 are based on carrier aggregation?


 what the difference between Scenarios 1-4 and the existing CA-RRH scenario is.


�


-CATT commented that it is sufficient to have a sentence like “both indoor and outdoor small cell deployments shall be considered.”


�


Qualcomm commented that sparse deployments would not be needed (dense deployments would be sufficient).


CATT agrees with this comment. CATT commented that it is sufficient to have a sentence like “both sparse and dense small cell deployments shall be considered.”


ZTE suggested to keep sparse and dense together from beginning.


Samsung commented that sparse deployments would be common in real network.


�


-Comments from Nokia


-Huawei commented that the definition of “cluster of nodes” should be further clarified.


�


-Comments from Ericsson (one cell is closed to another)





�


-Comments from Nokia


�


-Comments from Ericsson (one cell is closed to another)





�


Renesas asked what the relationship between Macro cell and small cell is.


�


-Suggestions from Ericsson (one cell is closed to another)


�


Suggestions from Nokia (some cells are under macro cell coverage.)


�


Suggestions from Nokia (some cells are under macro cell coverage.)


�


TP from Qualcomm


Ericsson commented that wireless backhaul including self-backhauling should be taken into account in the SI, but would be better not to add a new scenario. It should be captured in a separate place in the document. 


Nokia agreed with Ericsson’s comments.


�


Regarding the terminology of “cell,” Ericsson commented that it should be noted that what we may come up with in the end may not be a "cell" according to current 3GPP definitions (that is up to the SI to conclude on).


�


-CATR commented that different frequency between macro and small cell layers should be prioritized.


-Samsung commented that different frequency between macro and small cell layers should be prioritized.


�proposed by Telefonica


�


LGE asked if it includes FDD (macro cell with F1) + TDD (small cell with F2).


Hitachi also asked if it includes FDD (macro cell with F1) + TDD (small cell with F2) and vice versa.


�


Comments from Hitachi


�


-Renesas commented that traffic characteristics should be described per scenario.


�


-Hitachi commented that how we should capture the system performance for MTC & IM BG cases?


�


Hitachi commented that “cell-edge” would not be a good terminology in the overlaid topology of  small-cell and macro-cell


�


-Hitachi asked if the metric (the capacity per m^2) applied to both macro and small cell.


�


TP from DOCOMO


�


-Comments from Hitachi


�


Comment from Intel


�


TP from DOCOMO


Renesas commented that medium mobility cases are relevant and should not be ignored, but it might be better to focus on low mobility in the first stage of the studies.


�


TP from DOCOMO


�This is added according to the email discussion result on distinction from the HetNet mobility SI/WI.


�


TP from Huawei


�


-Renesas asked what the relationship with non-small-cell MDT is.


�


Huawei commented that the cost of RF requirements may not be dominant in terms of small cell network cost.


Orange commented that it is true in small-cell-dedicated-carrier scenarios. But, if the small cell co-exists with macro cells in a carrier, the RF requirements should be the same as conventional BS RF requirements.


�


TP from Huawei


Ericsson commented that it is not clear how this description would match simultaneous discussions on NCT.


ZTE commented that backward compatibility should be taken into account.


�


TP from Huawei and DOCOMO


Ericsson commented that it would be premature to use the term of “UE RF capabilities”, because it is better to first discuss different features and understand their complexity, performance benefits, etc, before making firm decisions on whether a certain feature should be a UE capability or not


The current text is based on Ericsson’s proposal.


Hitachi also commented that the UE, which only can access one cell at the same time, should be taken into account.


CATR agreed with this comment.


�


Comments from Hitachi


�


-Comments from Hitachi


�


Corrections from Qualcomm
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