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1 Introduction

During email discussion [1] several issues for Small cell enhancement were heavily discussed. This paper provides several candidate solutions depend on how well meet these challenges.
2 Discussion

2.1 Consideration on challenges
There are six issues on the table. Issue 1 refers to mobility robustness where RLF happened mainly as result of too late handover. Issue 2 refers to UL/DL power imbalance which in our understanding is more or less covered by eICIC. Issue 3 concerns about increased signaling load due to frequent handover where in our opinion decreasing signaling load toward CN is the main object. Issue 4 is about per-user throughput with non-ideal backhaul between macro cell and small cell. The issue involves actually three challenges. First challenge is throughput bottleneck in scenario where small cell deploy inside or overlapping with Macro eNB with non-ideal backhaul. Second challenge is throughput degrade during handover in scenario where small cell deploy at the edge of Macro cell. The last challenge is the limitation to utilise multiple eNB resources depending on QoS characteristics. Issue 5 is about network plan which to our understanding belong to SON/MDT scope. Issue 6 is about small cell discovery which is also addressed in HetNet Mobility WI. It seems too early to find solution for this issue in SCE SI.
To our understanding that issue 1/3/4 can be identify as main challenges for SCE, and we share with majority in email discussion that issue 2/5/6 should be de-priority. Although issue 1/3/4 all on the table, candidate solution should focus on issue 4 and issue 3. After meet requirements of issue 3/4 completely, solution then evolve to cover Issue 1 without overlapping approach addressed in HetNet Mobility WI.
2.2 Possible solutions
Issue 1/3/4 could further split into two categories where issue 3/4 mainly impacts user plane while issue 1 mainly impacts control plane. Therefore it seems natural for solution search to start from UP and CP part independently and finally evaluate CP/UP part together as an entire solution.  
2.2.1 UP part of candidate solutions
UP part of Candidate solution has to consider how to meet issue 4 and issue 3 i.e. to improve per-user throughput by utilising radio resources in more than one eNB meanwhile mitigate increased signaling burden due to handover.
For issue 3(i.e. achieve high throughput by utilizing more than one eNB), it seems straightforward for UE to have separate data link towards each eNB. This dual data connectivity is depicted in figure 1: 
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Figure 1 Dual data connectivity 
For issue 4(i.e. to mitigate increased signaling burden due to handover), it is mainly concern about how bearer routing between CN and eNB. A straightforward approach to solve the problem is to introduce an anchor node (e.g. GW) to shield messages towards CN for mobility among small cell cluster. This approach is show in figure 2, where D-GW (Dual connectivity GateWay) is a logical entity routing bearer from and to Serving GW.
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Figure 2 Dual connectivity Gateway architecture
D-GW in figure 2 is a logical entity with aim to shield messages toward CN. When consider actually entity location in architecture, approach further split into three types. Type 1 is independent D-GW where D-GW is standalone equipment located in RAN side. We may refer type 1 approach as UP Alt-1.Type 2 is actually a specific deployment of Type 1 where D-GW is co-located with CN. In this case CN takes the role to routing bearer. We may refer type 2 approach as UP Alt-2.Type 3 is also a specific deployment of Type 1 where D-GW is co-located with Macro eNB to takes the role to routing bearer. We may refer type 3 approaches as UP Alt-3.All these types are show in the table 1 below. 
	UP Alt-1 :independent  D-GW
	UP Alt-2: D-GW co-located with CN
	UP Alt-3:D-GW co-located with Macro eNB
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Table 1 UP approach
Although in concept design these approaches are actually belong to same logical model, performance and impact of each approach is quite different in terms of variety evaluation metrics. For example, because all data routing via Macro eNB, UP Alt-3 has to concern scalability issue, with more and more data routing via Macro eNB, potential of the problem becomes higher. Comparisons between UP alternatives are show in table 2 below.
	
	UP Alt -1 
	UP Alt-2
	UP Alt-3

	Issue  4 per-user throughput challenge
	Meet this challenge in all scenarios
	Meet this challenge in all scenarios
	Meet this challenge in all scenarios

	Issue 3 increased signaling load
	Meet the challenge
	Same as single connectivity( not meet this challenge)
	Meet the challenge

	Scalability challenge
	No problem
	No problem 
	Macro eNB become busy when add more small cells

	Architecture impacts
	Big impacts for introduce an independent RAN gateway
	Mediate impacts in terms of S1/X2 signaling
	Mediate impact in terms of S1/X2 signaling plus prolong data routing path

	Security concern
	Concerns raised on possible sabotage of small cell eNB where PDCP sub layer remain on the site.
One possible enhancement to keep PDCP sub layer in D-GW will mitigate such concern.
	Concerns raised on possible sabotage of small cell eNB where PDCP sub layer remain on the site.
	Concerns raised on possible sabotage of small cell eNB where PDCP sub layer remain on the site.

One possible enhancement to keep PDCP sub layer in D-GW will mitigate such concern.


Table 2 UP Comparison table

With observation that UP alt-2 is not meet requirement of issue 3, it is proposed to take UP Alt-1 and UP Alt-3 as start point.
Proposal: Take UP alt-1 and UP alt1-3 as start point.
2.2.2 CP part of solution
During identify CP part of solution, three questions need to consider.

Q1: How does CP part of solution to meet challenge of issue 1 i.e. how to improve handover robustness?
Q2: How does CP part design based on various UP approach?
Q3: How does CP design considering RRM function split?
For question 1, with one RRC connection maintained between UE and Macro eNB during UE handover, RLF potential is decreased for UE during handover. Therefore dual connectivity solution in this way meets the challenge for mobility robustness. 
For question 2, as location of D-GW is main different between UP Alt-1 and UP Alt-3, it is therefore mainly impacts S1-C design. There exist two alternatives in terms of location of D-GW. For independent D-GW(i.e. UP Alt-1), in addition to legacy S1between Macro eNB and MME, D-GW has its S1-C with MME in order to control bypass data bearer. This CP alternative is show in figure 3. Another CP alternative is corresponding to co-located D-GW (i.e. UP Alt-3). S1-C in this case resembles legacy CP architecture. It is also note that in this case X2 interface between Macro and small cell eNB should enhanced with the intention for Macro eNB to manipulate bearer setup/modification in Small cell eNB. This alternative is show in figure 4. 
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                      Figure 3: independent D-GW CP type                Figure 4 co-located D-GW CP type
Question 3 is about RRM function split which impacts X2 interface between Macro eNB and Small cell eNB. To our understanding cell level RRM functions should be placed in the Small cell eNB and multi-cell RRM functions placed in the central node which is Macro eNB. For function like Paging and area for mobility management it is proper to be located in the Macro eNB. There are in general two mechanisms for RRM function split, one is central RRM and the other is distributing RRM. 
However in SCE SI it may introduce terminology confusion in terms of central RRM and distribute RRM.Because non-ideal backhaul has supported in SI, some time-sensitive RRM function like DRA (dynamic resource allocation) have to enforce in small cell. To mitigate terminology misleading for central RRM and distribution RRM, a clarification table about central RRM and distribution RRM show in table 3.

	RRM functions
	Function position 
(Central RRM)
	Function position 
(Distribution RRM and enhanced distribute RRM)

	Radio Bearer Control (RBC)
	macro eNB
	macro eNB + small cell

	Radio Admission Control (RAC)
	macro eNB
	macro eNB+ small cell

	Connection Mobility Control (CMC)
	macro eNB
	macro eNB

	Dynamic Resource Allocation (DRA) - Packet Scheduling (PS)
	macro eNB + small cell
	macro eNB + small cell

	Inter-cell Interference Coordination (ICIC)
	macro eNB + small cell
	macro eNB + small cell

	Load Balancing (LB)
	macro eNB
	macro eNB+ small cell

	Inter-RAT Radio Resource Management
	macro eNB
	macro eNB

	Subscriber Profile ID for RAT/Frequency Priority
	macro eNB
	macro eNB


Table 3 Function position for RRM mechanisms
After clarify terminology for RRM function split, three candidate approaches are showed in Table 4.
	Central approach
	Distributed approach with one RRC connection
	Distributed approach with two RRC connection
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	UE maintains RRC connection to the Macro eNB. The intra-cell level functions are performed in the small cell under control from the Macro eNB. 
	UE maintains one RRC connection to the Macro cell eNB.

RRC signaling from Small cell eNB is transferred to UE via X2 interface and RRC connection of Macro eNB.

In addition small cell eNB may still report necessary measurement data to the Macro eNB the loading/interference data etc and inquires the Macro eNB for multi cell RRM decisions. 
	UE maintains separate   RRC connection to each eNB.

RRC signaling from Small cell eNB is transferred to UE via its own RRC connection.

In addition small cell eNB may still report necessary measurement data to the Macro eNB the loading/interference data etc and inquires the Macro eNB for multi cell RRM decisions.
The main cons of this approach is complex introduce for UE implementation.


Table 4 CP solution based on RRM mechanism
As explained in the description in table 4, considering big impacts on UE implementation, our preference is to rule out approaches with two RRC connections. Therefore it is propose to take central approach and distribute approach with one RRC connection as way forward.
After three questions discuss above, four candidate CP alternatives then captured in table 5 below. 
	CP Alt-1
	CP Alt-2
	CP Alt-3
	CP Alt-4
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Table 5 CP alternatives
Proposal: Take CP Alternatives in table 5 as start point.

2.2.3 Candidate solutions
During evaluate CP/UP parts of solution independently, it has concluded to take UP alt-1, UP alt-2 and four CP alternatives as start point. As discussed above, CP Alt-1 and CP Alt-2 are only possible to combine with UP alt-1 as they all stem from D-GW architecture. After merge CP alternatives with UP alternatives, final candidate combine solutions are captured in the table 6.
	Approach 1
	Approach 2
	Approach 3
	Approach 4
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Table 6 Candidate solutions
In general independent D-GW approaches are more straightforward ways to cope all challenges for SCE SI; it is therefore to propose take Approach 1 and 2 as start point. In addition, approach 3/4 as enhancement of approaches 1/2 and as possible deployment architecture to study at next stage.

Proposal: Take approached 1 and 2 captured in table 6 as start point.
3 Conclusion
Based on all the observations and analysis, we would like to propose:
Proposal: Take approached 1 and 2 captured in table 6 as start point.
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