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1. Introduction
At the RAN2#81 meeting, the following three deployment scenarios were agreed to be target scenarios in Rel-12 LTE small cell enhancement SI:
	Scenario #1: Macro and pico cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul
Scenario #2: Macro and pico cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul
Scenario #3: Only pico cells on one or more carrier frequencies connected via non-ideal backhaul with typically low and medium UE mobility


Moreover, the following candidate challenges were also listed at the RAN2#81 meeting.
	a)
Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells (see Rel-11 heterogeneous network mobility SI)

b)
Difficult to improve system capacity by utilizing radio resources in more than one eNB? (e.g. due to UL/DL imbalance issues)
c)
Small cell discovery
d)
Frequent handovers (CN signalling / path switch)?

e)
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB?

f)   Network planning and configuration effort?


In this contribution, we analyze the challenges for three development scenarios and propose to discuss potential solutions targeting the avoidance of t frequent handovers. 
2. Analysis of the Challenges in Three Development Scenarios 
2.1 Mobility robustness

 Scenario #1

A Rel-11 SI on HetNet mobility enhancement [1] studied mobility robustness issues, and an ongoing Rel-12 WI on HetNet mobility enhancement is focusing on standardizing potential solutions in order to improve mobility performance. Therefore it is reasonable to consider the outcome of Rel-12 HetNet mobility enhancement as the baseline for the same topics in Rel-12 SI on small cell enhancement. Potential solutions for Rel-12 HetNet mobility enhancement are discussed in parallel with Rel-12 SI on small cell enhancement; it is therefore currently difficult to quantify the challenging mobility robustness issue based on the Rel-12 HetNet mobility enhancement outcome. In order to avoid overlapping between different SI/WIs, mobility robustness is not considered as a challenging issue in this Rel-12 SI on small cell enhancement.
Scenario #2
Different from Scenario #1, the mobility robustness of Scenario #2 has not yet been studied intensively.  Besides the small cell discovery issue, which only exists in Scenario #2 and has been covered in Rel-11 SI and Rel-12 WI on HetNet mobility enhancement, it is unclear whether or not there are some unique factors that have a critical influence on the mobility robustness of Scenario #2. From the viewpoint of reducing the handover frequency introduced by small cell developments, dual connectivity is effective. However, reducing the handover frequency and improving mobility performance are two separate issues. Further investigations on improving mobility performance for Scenario #2 may be necessary and deprioritized. 
Scenario #3

  Although the cell coverage of small cells in Scenario #3 is smaller than that of Rel-8 macro cells, the difference between Scenario #3 and the Rel-8 macro cell only scenario is not clear. Therefore, potential solutions for Scenario #1 can also be applied to Scenario #3, meaning that quantifying the challenging mobility robustness issue for Scenario #3 is not necessary.
Observation 1: For the mobility robustness issue in Scenario #1, the outcome of Rel-12 HetNet mobility enhancement WI should be considered as the baseline. 
Observation 2: For the mobility robustness issue in Scenario #2, further investigations on how to improve mobility performance may be necessary and deprioritized. 

Observation 3: It is not necessary to quantify the challenging mobility robustness issue for Scenario #3. 
2.2 Difficult to improve system capacity by utilizing radio resources in more than one eNB? (e.g. due to UL/DL imbalance issues)
In Scenario #1, macro and small cells are developed at the same carrier frequency, therefore there are UL/DL imbalance issues. Similar to Scenario #1, in Scenario #3, all small cells are developed at the same carrier frequency, and there are also UL/DL imbalance issues. Regarding Scenario #2, because small cells are developed at a different carrier frequency from macro cells, it is unclear whether or not such an issue exists.

UL/DL imbalance issues have been investigated intensively in Rel-10 and Rel-11, and CRE with ABS, and DL CoMP with DPS can be used to handle UL/DL imbalance issues for Scenario #1 and Scenario #3 . In the Rel-12 framework, dual connectivity with UL connectivity to small cells and DL connectivity from macro cells could be studied further with lower priority.
Observation 4: The UL/DL imbalance issues in Scenario #1 and Scenario #3 have been investigated intensively in Rel-10 and Rel-11. In the Rel-12 framework, dual connectivity with UL connectivity to small cells and DL connectivity from macro cells could be studied further with lower priority. 
2.3 Small cell discovery
 In Scenario #1 and Scenario #3, macro (only for Scenario #1) and small cells are assumed to be developed at the same carrier frequency, therefore the small cell discovery issue,  caused by developing small cells at a separate carrier frequency from the carrier frequency for macro cells exists only in Scenario #2. This small cell discovery issue for Scenario #2 is covered by Rel-11 SI and an ongoing Rel-12 WI on HetNet mobility enhancement, therefore the challenges should be quantified considering the outcome of Rel-12 HetNet mobility enhancement WI as the baseline.
Observation 5: Small cell discovery issues occur only in Scenario #2. For Scenario #2, the challengesof small cell discovery should be quantified considering the outcome of Rel-12 HetNet mobility enhancement WI as the baseline.

2.4 Frequent handovers (CN signaling / path switch)

 As a common characteristic of Scenario#1, #2 and #3, the number of network nodes has increased remarkably. This causes the explosive increase in the number of handovers when UEs move through the network. For each handover attempt, path switch needs to be exchanged between eNB and the core network (MME) whereas bearer modification needs to be exchanged between MME and S-GW within the core network. As a result of handover increase, the signaling load on the core network increases. Therefore the increase in the signaling load on the core network caused by frequent handovers is a common challenging issue for Scenarios #1, #2, #3. 
Besides signaling load increase issues, QoE performance degradation (or user throughput degradation) may be another issue due to the frequent handovers introduced by small cell development.
In Rel-12 small cell enhancement SI, it is necessary to clarify the influence of frequent handovers on signaling load increase and QoE performance degradation issues. Potential solutions should be discussed targeting the avoidance of frequent handovers introduced by small cell development. 
Observation 6: The signaling load increase and QoE degradation issues introduced by frequent handovers are common for Scenarios #1, #2, and #3. 

Proposal 1: In Rel-12 small cell enhancement SI, it is necessary to clarify the influence of frequent handovers on signaling load increase and QoE performance degradation issues. Potential solutions should be discussed targeting the avoidance of frequent handovers introduced by small cell development.
2.5 Difficult to improve per-user throughput by utilizing radio resources in more than one eNB
Rel-11 CoMP and Rel-10 CA techniques assuming ideal backhaul are effective ways to improve user throughput utilizing radio resources in more than one eNB for Scenarios #1, and #3 and Scenario #2, respectively. When backhaul is assumed to be non-ideal, how to improve per-user throughput by utilizing Rel-10/Rel-11 CA and Rel-11 CoMP are challenging issues. However, such issues  are good to be covered by either Rel-12 CA enhancement WI or Rel-12 CoMP enhancement WI, although neither  of them have so far been  approved. If such issues are considered as challenging issues in Rel-12 SI on small cell enhancement, clarification is needed to avoid overlapping. 
 Another possible limitation is that it is impossible to split traffic over multiple eNBs depending on the QoS characteristics of each traffic type. Currently, when a handover is initiated, the target eNB is asked to admit all the bearers of the UE. Generally speaking, those services which are sensitive to delay experience much more performance degradation due to frequent handovers. Therefore allowing splitting of data traffic over multiple eNBs depending on the QoS characteristics of each traffic type will be considered as a challenging issue in Rel-12 SI on small cell enhancements.
Observation 7: Allowing splitting of data traffic over multiple eNBs depending on the QoS characteristics of each traffic type should be considered as a challenging issue in Rel-12 SI for small cell enhancements.
2.6 Network planning and configuration effort
 Network planning and configuration efforts including optimization of eNB parameters and handover parameters, are usually handled in separate SON and/or MDT study/work items. Currently, the challenging issue regarding network planning and configuration effort is not clear, so clarification is first needed.
Observation 8: The challenging issue regarding network planning and configuration effort is not clear.
3. Conclusion
  In this contribution, we analyzed the challenges for three targeted development scenarios of small cell enhancement. We would like to propose the following
Proposal 1: In Rel-12 small cell enhancement SI, it is necessary to clarify the influence of frequent handovers on signaling load increase issue and the QoE degradation issue. Potential solutions should be discussed targeting the avoidance of frequent handovers introduced by small cell development.
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