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1 Introduction

As suggested in email discussion [81#32] LTE/SCE: Analysis of expected challenges in small cell deployments, the challenges justified in this email discussion will be captured in the TR 36.842 as below. 
a)
Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells;

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;

In this contribution, we provide our considerations on potential solutions for these issues.  
2 Discussion
Compared scenarios and requirements in  TR 36.913, small cell enhancements should consider  a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area. The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster.  Because  of  the dense and discontinuous deployment , the  user experience in small cells coverage edge area  is a big problem.
Most of companies were of opinion that the outcome of the HeNet mobility SI can be considered as the baseline in terms of the challenge of mobility robustness in intra-frequency scenario and solutions specified for intra-frequency scenario could be applied for inter-frequency scenario as well. The main opinion of small cell discovery is similar. If do not consider the interference  measurement requirements, the solutions for reducing pico to macro handover will increased signalling load and improve mobility robustness. The common design figure from RAN1 may be used to describe RAN2 scenarios either because the coordination between macro layer and small cell cluster layer by utilizing radio resources in more than one eNB is the main challenge for this SI. 
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Common design for small cell enhancement
From our opinion, the dual connectivity with more than one eNB can utilize radio resources in more than one eNB more effectively. That means the separation of the existing protocol entity, from MAC to PDCP layer by user plane and RRC layer by control plane. The small cell cluster with maybe not present overlapping macro cell will consist as a dual connectivity serving cell group. The serving cell concept used in Rel-10 CA  may still be applied to dual connectivity serving cell.
All protocol entity split methods is restricted by entity processing timers which determine the backhaul latency tolerance either.
Table 1: Protocol entity split with backhaul latency tolerance for Challenges 
	Challenges
	Coordination methods
	Restrictive conditions
	Backhaul latency tolerance  (Round way)

	Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells
	ABS or other solutions from HetNet SI
	Interference information exchange timely
	 Normal X2 interface( 10ms< typical< 100ms)

	
	RRC layer splitting
	
	>100ms

	Difficult to improve system capacity or per-user throughput by utilizing radio resources in more than one eNB 
	Ideal CA/CoMP 
	Start point of radio resources utilizing
	<3us

	
	MAC layer splitting
	HARQ RTT timer
	8-15ms

	
	RLC layer splitting
	RLC discard timer
	>20ms

	
	PDCP layer splitting
	PDCP discard timer
	>100ms

	Increased signalling load (e.g., to CN) due to frequent handover;
	Signalling gateway (Set a handover processing agent entity to filter handover signalling)
	
	>100ms

	
	Anchor serving cell（Using serving cell add and delete process instead of handover）
	
	>100ms

	
	RRC layer splitting
	
	>100ms


Observation 1: The challenges of user throughput and mobility robustness have higher requirement for backhaul latency.
Observation 2: The time latency of normal X2 interface is generally meet the RLC above layer splitting delay requirements. MAC layer splitting is a challenge to X2 interface.
Proposal 1: Dual connectivity with more than one eNB is a Potential solution for small cell enhancement. The high layer implementation methods  include the user plane entity distributed processing between different eNB.
Proposal 2:  Backhaul delay range can be used as the classified methods of dual connectivity serving cell grouping.
The QoS requirement is not the main factors of decided in which layer coordination. In general, the QoS requirement will affect the selection of dual connectivity primary serving cell. So the selection of user plane splitting maybe mainly based on the performance gain (e.g. system capacity or per-user throughput) contrast to ideal backhaul case.
RRC layer splitting can decide based on the user plane separation and give more consideration to compatibility.
Proposal3: Dual connectivity usually serviced by a cell group. The dual connectivity  serving cell group include primary serving cell and at least one secondary serving cell.

3 Conclusion

Based on our analysis, we suggest that RAN2 to considering following proposals and capture related conclusions in the TR.:

Proposal 1: Dual connectivity with more than one eNB is a Potential solution for small cell enhancement. The high layer implementaion mothods  include the user plane entity distributed processing between different NB.

Proposal 2: Backhaul delay range can be used as the classify mothods of dual conectivity serving cell grouping.
Proposal 3: Dual connectivity usually serviced by a cell group. The dual connectivity  serving cell group include primary serving cell and at least one secondary serving cell.
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