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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

The present document is related to the technical report for the study item “Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects” [2]
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.

This document is intended to gather all technical outcome of the study item, and draw a conclusion on way forward.

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 TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
Contribution to 3GPP TSG-RAN meeting #58 RP-122033: "New Study Item Description: Small Cell enhancements for E-UTRA and E-UTRAN – Higher layer aspects".
[3]
3GPP TR 36.932: "Scenarios and Requirements for Small Cell Enhancements for E-UTRA and E-UTRAN".
[4]
3GPP TR 36.839: "Mobility enhancements in heterogeneous networks".

…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

HOF
HandOver Failure

RLF
Radio Link Failure

ToS
Time of Stay
4
Introduction
At the 3GPP TSG RAN #58 meeting, the Study Item description on “Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects” was approved [2]. This study item covers potential higher layer technologies to be considered for enhanced support of small cell deployments in E-UTRA and E-UTRAN to fulfil the deployment scenarios and the requirements specified in TR 36.932 [3]. 
5
Deployment scenarios and challenges
This section describes the deployment scenarios assumed in this study and the challenging issues in each scenario. In the following scenarios, the backhaul technologies categorised as non-ideal backhaul in TR 36.932 [3] are assumed. Fibre access which can be used to deploy Remote Radio Heads (RRHs) is not assumed in this study. HeNBs are not precluded, but not distinguished from Pico eNBs in terms of deployment scenarios and challenges even though the transmission power of HeNBs is lower than that of Pico eNBs.


5.1
Scenario #1
Scenario #1 is the deployment scenario where macro and small cells on the same carrier frequency (intra-frequency) are connected via non-ideal backhaul. In Scenario #1, the following challenges are expected:
a)
Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells [4];

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues);

c)
Increased signalling load (e.g., to CN) due to frequent handover;
d)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB;

e)
Network planning and configuration effort;


5.1.1
Mobility robustness
Mobility performance in this scenario was analysed in TR 36.839 [4]. The followings are the summaries of conclusions:

1)
Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.

2)
For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).

3)
For full system load with full buffer traffic model, the number of HOF/UE/s increases with the number of small cells.

4)
Under constant system load, deployed small cells can reduce the load per cell which results in reducing the interference and the number of HOF/RLF.
The conclusions in TR 36.839 [4] are a baseline for this study.
5.1.2
Difficulty to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues)

In heterogeneous networks, the eNBs have different downlink output power, e.g., macro eNBs with high output power and pico eNBs with low output power. Due to the power imbalance, the best cell to connect with may differ depending on if one considers downlink or uplink performance as illustrated in Figure 5.1.2-1. In Figure 5.1.2-1, the location is depicted on the X axis whereas the received signal strength is depicted on the Y axis. A macro eNB and received macro DL power are depicted in blue. A pico eNB and received pico DL power are depicted in green. A UE with received UL power is depicted in orange. Uplink/ Downlink cell border means that the received uplink/ downlink signal strength is equal at the two eNBs/ UE. The right vertical dashed line shows the downlink cell border which is where the received (from the two eNBs) signal strength is equal. The left vertical dashed line shows the uplink cell border which is where an uplink signal has equal received power at both eNBs. The horizontal dashed line shows that the eNBs receive equal uplink signal strength (Y dBm) from the UE when the UE is on at the uplink cell border.
[image: image3.jpg]@A’)) B

Uplink (G2
Boarder  pownink £
Boarder

Received Signal Strength (dBm)

Location




Figure 5.1.2-1: UL/DL imbalance issue in HetNet deployments
In LTE, Reference Signal Received Power-based (RSRP-based) cell selection is often used. In this scheme, UEs are associated with the cell from which the strongest downlink power is received. As the macro eNB has higher output power than the pico, UEs may connect to the macro cell even though the path loss to the pico is lower. Due to this the pico cell size is relatively small compared to the macro cell size which can result in low UE uptake and small macro offloading by the pico cell. To increase offloading of the macro by the pico cells and to improve uplink performance, there is a need to increase the size of the pico cells. This can be done with the concept of Cell Range Expansion (CRE) [TS 36.300]. With CRE, the cell selection algorithm can be biased so that a terminal associates to a pico eNB even if the pico cell RSRP is below the macro cell RSRP. A cell selection offset (CSO) determines how much weaker the received downlink power from the pico eNB is allowed to be compared to from the macro base station while the UE is connected to it. When the macro and pico layers are operated on the same frequency, the signal received from the macro cell causes interference for a UE connected to a pico cell with CRE. Thus, the UE connected to the pico cell may experience strong interference from the macro cell in a heterogeneous deployment.
5.1.3
Increased signalling load (e.g., to CN) due to frequent handover

Editor’s note:
quantitative analysis will be captured.
5.1.4
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB

To improve user throughput in Scenario #1, the following challenges are identified:

1)
Realising CoMP with non-ideal backhaul

In CoMP, there are deployment scenarios in which multiple small cells are deployed within the macro cell coverage, i.e., CoMP scenario #3 and #4 as specified in TR 36.819 [xx]. CoMP enables to utilise multiple transmission points for U-plane delivery taking into account the frequent change of channel condition in the cell edge. This contributes to improve user throughput as well as system capacity. Rel-11 CoMP assumed that small cells are served by low power RRHs using ideal backhaul. If backhaul technologies categorised as non-ideal backhaul as in [3] are utilised between macro and small cells, Rel-11 CoMP cannot work due to larger backhaul latency. The gain achieved by CoMP will not be expected.
Furthermore, if the macro cell edge is also the area boundary served by the different eNBs, and a small cell is deployed as such that it covers the area boundary of different eNBs as shown in Figure 5.1.4-1, there would be a region that CoMP cannot be configured for the UE (Region #A in Figure 5.1.4-1). This is because Rel-11 CoMP can only support the case where all serving transmission points are served by the same eNB.
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Figure 5.1.4-1: Issue on the CoMP/CA deployment at the macro cell edge
2)
Degradation of QoS on small cells due to non-ideal backhaul

Different services and bearers typically have different QoS characteristics. For example, VoIP traffic has low bitrate but rather high packet loss and delay requirements. In contrast, best effort traffic constituting from web traffic and TCP flows benefits from higher bitrates but is less delay sensitive as compared to VoIP traffic. If the UE is served by a small cell connected to non-ideal backhaul, all services and bearers have to be delivered on the small cell regardless of their required QoS. This will result in degrading user satisfaction for high QoS such as VoIP. In Scenario #1, the macro cell coverage is also available while the UE is in the small cell coverage. Nevertheless, the existing mechanism cannot utilise multiple eNB resources depending on QoS characteristics for the same UE. 
5.1.5
Network planning and configuration effort

Operator should be able to utilize small cells as a mean to flexibly and promptly provide coverage and/or additional capacity whenever such a condition prevails. However, the customer would not care whether a coverage/ throughput is provided by using small cell or macro cell, e.g., they would expect the same performance as any other cell deployed in the operator’s network. Although some of self-configuration SON function may help for the initial setting, the setting of handover parameters to provide the same performance as in macro area is especially difficult. This is because e.g., for handover to small cell, the handover needs to be initiated well inside the small cell coverage in order to prevent HO failure, but at the same time ensuring the opportunity for the UE to be served by the small cell. This kind of parameter tuning and setting may need to be tailored according to characteristics of the area where the small cell is deployed. In addition, this cumbersome effort will increase along with the number of the small cells that needs to be deployed.
Specific solutions for network planning and configuration effort will not be discussed in this study item and will be handled by the other study item or work item later.

5.2
Scenario #2
Scenario #2 is the deployment scenario where macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul. In Scenario #2, the following challenges are expected:
a)
Mobility robustness (not investigated in [4] and the problem of strong interference from macro on same carrier is not present);

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues);

c)
Increased signalling load (e.g., to CN) due to frequent handover;
d)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB;

e)
Network planning and configuration effort;



For c) and e), the same issue as in Scenario #1 is foreseen as described in subclause 5.1.3 and 5.1.5.
5.2.1
Mobility robustness
Editor’s note:
Challenges of mobility robustness in Scenario #2 are FFS.

5.2.2
Difficulty to improve system capacity by utilizing radio resources in more than one eNB (e.g. due to UL/DL imbalance issues)

There exists UL/DL imbalance between macro and small cells in Scenario #2 as described in subclause 5.1.2. Unlike Scenario #1, there is no interference between macro and small cells. 
Specific solutions for this challenge will not be discussed in this study.

Editor’s note:

Whether potential solutions for the other challenges can address this issue will be investigated if needed.
5.2.3
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB

To improve user throughput in Scenario #2, the following challenges are identified:

1)
Realising CA with non-ideal backhaul

In CA, there is a deployment scenario in which multiple small cells are deployed within the macro cell coverage, i.e., CA scenario #4 as specified in TS 36.300 [xx]. Similar to CoMP described in sub-clause 5.1.4, multiple frequency resources could be utilised in the cell edge for user throughput and system capacity improvements. Rel-10/11 CA assumed that small cells are served by low power RRHs using ideal backhaul. If backhaul technologies categorised as non-ideal backhaul as in [3] are utilised between macro and small cells, Rel-10/11 CA cannot work due to larger backhaul latency. The gain achieved by CA will not be expected.
Furthermore, if the macro cell edge is also the area boundary served by the different eNBs, and a small cell is deployed as such that it covers the area boundary of different eNBs as shown in Figure 5.1.4-1, there would be a region that CA cannot be configured for the UE (Region #A in Figure 5.1.4-1). This is because Rel-10/11 CA can only support the case where all serving cells are served by the same eNB.

2)
Degradation of QoS on small cells due to non-ideal backhaul

The same issue as in Scenario #2 is foreseen as described in subclause 5.1.4.
5.3
Scenario #3
Scenario #3 is the deployment scenario where only small cells on one or more carrier frequencies are connected via non-ideal backhaul. In Scenario #3, the following challenges are expected:


a)
Increased signalling load (e.g., to CN) due to frequent handover;
b)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB (not clear whether this is in the scope of the SI);

c)
Network planning and configuration effort;


For a) and c), the same issue as for Scenario #1 is foreseen as described in subclause 5.1.3 and 5.1.5.
5.3.1
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB

To improve user throughput in Scenario #3, the following challenges are identified:

1)
Degradation of QoS on small cells due to non-ideal backhaul

If small cells are deployed to cover macro cell coverage holes in Scenario #3, degradation of QoS as described in subclause 5.1.4 is foreseen.
6
Potential Solutions
Editor’s note: the following agreement at RAN2#81 will be captured somewhere if needed.

-
We assume that the performance that can be achieved with Rel-10/11 solutions available with ideal backhaul (e.g. CA, CoMP, …) sets the technology potential of potential solutions developed in this SI for non-idea backhaul.
7
Conclusions
Annex A (Informative):
Performance evaluation
Simulation models (i.e., simulation parameters or detailed scenarios) are not specified for this study. Calibration exercise is not performed. However, the following evaluation metrics can be considered as examples when companies provide simulation results:
-
System throughput (capacity);
-
Per-user throughput;
-
Packet delay spikes (e.g., due to mobility);
-
Mobility performance metrics (HOF/RLF, ToS);
-
UE power consumption;
-
Implementation complexity;
-
Transport network load;
Annex <X>:
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