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1 Introduction
The document addresses the potential benefits and associated sub-features for the small cell dual connectivity. Note that several benefits of dual connectivity are related to mobility and connection recovery. 
We make the observation that the rapporteur proposed split into topics related to dual connectivity and mobility is not clear. 
2 Dual Connectivity Potential Benefits
The potential benefits of the UE having “dual connectivity” to both macro and small cell layers depend on which sub-features we assume for the “dual connectivity”, i.e. what is the actual meaning of “dual connectivity”.
Data Rate
In general a UE could experience higher data rates if it is connected to more cells. This would be valid if the UE is connected in such a way that both layers could be used simultaneously, e.g. in a form of Carrier Aggregation. 

Better QoS by dynamic inter-layer load balancing

Assuming that dual connectivity would allow UEs to switch between layers faster than the current handover allows, dual connectivity would allow the network to react quicker to changes in load, and make use of as much network resources as possible, to maximize end-user QoS. In order to have such gains the switching need to be sufficiently fast. For the case of general bursty data traffic, the switching may need to be done on scheduling level with latencies in the magnitude of 10’s of ms. If a significant part of the traffic have recurring behaviour, e.g. video traffic, p2p download etc, the burstiness may be recurring for the duration of a “session” and slower switching may provide gains.
Light Handover
Assuming that dual connectivity means that the UE can maintain connection with his network RRC context and L2 terminations using any of the dual layers, there is an opportunity to use a more lightweight handover procedure, e.g. without relocation of security or relocation of RRC context. This could lead to less signalling data exchanged in the RAN at handover, less network processing and faster handover.  

Light Re-establishment

Assuming that dual connectivity means that the UE can maintain connection with his network RRC context and L2 termination using any of the dual layers, there is an opportunity to use a more lightweight re-establishment procedure, e.g. without resetting all of L2, and keeping AS bearers. This could lead to less signalling data exchanged in the RAN at re-establishment, less network processing and faster re-establishment.
Avoiding NAS recovery

Assuming that dual connectivity means that the UE can maintain connection with his network RRC context using any of the dual layers within the local area, there is an opportunity to avoid NAS recovery, that would otherwise occur if the UE attempts to re-establish his RRC connection on a cell that do not have access to the RRC context. The end benefit would be less outage time due to NAS recoveries. 
Lossless re-establishment

In general if L2 terminations are accessible to a UE in the local area and they don’t need to be relocated it could be feasible to support loss-less relocation, e.g. if the RLC termination in the network end would be accessible using any of the dual layers within the local area, it would not need to be relocated at re-establishment within the local area, and it would be for free or almost for free to implement lossless reestablishment for RLC-AM bearers by just allowing RLC-AM to continue .. 
Mobility Robustness
If the UE can benefit from light (fast) reestablishment, lossless reestablishment and avoid NAS recovery, the reestablishment may have very good performance, and there is less (or no) need to optimize intra-area mobility, i.e. in such network there would be less dependency to SON MRO, that could focus on inter-area and inter-RAT mobility only. The end-user performance consequences of using mobility robustness reducing features like aggressive range extension would be less and such features could be used to greater extent, within a local area. 
Handover and re-establishment without Core Network signalling

If the UE can move within a local area and between layers without relocation of upper L2 and RRC context, there is the potential that a UE can move between cells (of several layers) within a local area without relocation of core network protocol terminations. This would assume that the S1 control plane and S1 user plane is anchored somewhere in the RAN, i.e. the presence of UE anchors. 
3 Feature and scenario Assumptions
3.1 
Inter-Layer Carrier Aggregation

Inter-layer Carrier Aggregation with simultaneous use of carriers of multiple layers would be needed to have better peak data rates when using multiple inter-frequency layers. 
3.3
Cell switching

In case full aggregation can not be supported, fast cell switching could achieve better QoS and spectrum utilization by dynamic inter-layer load balancing. 
3.4 
Uu anchor
In case upper parts of user-plane terminations can be reached from several cells of the different layers, the UE could move between the layers without reset or re-establishment of PDCP and RLC, enabling light handover, light re-establishment, avoiding NAS recovery and loss-less re-establishment. Also if control plane / RRC context is reachable from cells of the different layers it is possible to fully enable light handover, light re-establishment, avoiding NAS recovery and loss-less re-establishment.
3.5
S1 anchor
In case also S1-CP and S1-UP could be anchored in one place while the UE moves in a local area, core network signalling could be avoided at handover and re-establishments. 
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Figure 1. Network with local areas and UE anchor (Uu Anchor and S1 anchor)

4 Proposed definitions

For the continuation of the small cell work we propose to clarify the following definitions: 

·  Dual Connectivity: The UE can reach its RRC context and its core network termination by both small cell layer and macro cell layer. The UE may further be able to use both layers for data transmission. 
·  Local Area: An area where the UE may move and change cells without relocating core network protocol terminations.

 UE anchor: A point where S1, RRC and upper part of L2 is terminated for a UE in the local area.

5 Summary
	A summary of the feature – benefit – scenario analysis is presented in the table below: Feature
	Benefit
	Scenario

	
	Data Rate
	QoS
	Light HO
	Light re-est
	Avoid NAS rec
	Loss-less reest
	CN sign
	Inter-Freq
	Intra-Freq
	Over-lap cov
	Non-Over-lap

	Inter layer CA
	X
	X
	
	
	
	
	
	X
	
	X
	

	Cell Switching or other “aggregation”
	
	X
	
	
	
	
	
	X
	X
	X
	

	Uu Anchor
	
	
	X
	X
	X
	X
	
	X
	X
	X
	(X)

	S1 Anchor
	
	
	
	
	
	
	X
	X
	X
	X
	X


Proposal 1: Capture the table. 

Proposal 2:

For the continuation of the small cell work we propose to clarify the following definitions: 

·  Dual Connectivity: The UE can reach its RRC context and its core network termination by both small cell layer and macro cell layer. The UE may further be able to use both layers for data transmission. 

·  Local Area: An area where the UE may move and change cells without relocating core network protocol terminations.

·  UE anchor: A point where S1, RRC and upper part of L2 is terminated for a UE in the local area.
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