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1 Introduction
In this contribution, a text proposal related to the outcome of email discussion [81bis#18] for TR 36.842 is given. The summary of this email discussion can be found in R2-131673.

Beginning of text proposal

2 Potential Solutions
7.X
Control plane architecture for dual connectivity
In this section, CP protocols and architectures for dual connectivity are evaluated.

From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. 
It is assumed that there will be only one S1-MME Connection per UE (FFS: requires confirmation by RAN3).
7.X.1
RRC Protocol architecture 

First, a term “dual connectivity” is used to refer to operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. Furthermore, each eNB involved in dual connectivity for a UE may assume different roles. Those roles do not necessarily depend on the eNB’s power class and can vary among UEs. The following terminology is used: 
- 
the Anchor eNB has main responsibility for maintaining the UE’s RRC context and terminating the S1-MME interface  towards the MME. 

- 
the Assisting eNB provides additional radio resources for the UE. 

At least the following RRC functions are relevant when considering adding small cell layer to the UE for dual connectivity operation:

· Small cell layer’s common radio resource configurations

· Small cell layer’s dedicated radio resource configurations

· Measurement and mobility control for small cell layer

When considering the control plane protocol architecture to support these functions, at least the following open issues need to be evaluated:
1) Single or multiple RRC entities in the terminal
2) Single or multiple RRC entities in the network
3) Transmission/reception of RRC messages via radio resources of the Anchor and Assisting eNB
The main four architecture alternatives for RRC are the following: 

-
Alt C1: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via radio resources provided by the anchor cell;

-
FFS (evaluation of this alternative is postponed): Alt C2: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via any combination of radio resources of cells (anchor cell and/or assisting) involved in dual connectivity;

-
Alt C3: A single RRC entity is maintained in the UE. Each cell involved in dual connectivity maintains an RRC entity which partly interacts with the RRC entity in the UE. For example, RRC signaling can be transmitted/received via radio recourses of the cell in which the corresponding function is maintained. For example, it could be that physical radio resource configuration related parameters for the assisting cell are controlled by and signaled from the assisting cell, whereas other parameters are controlled by and signaled from the anchor cell (see e.g. [10]).

-
Alt C4: An RRC entity per each cell involved in dual connectivity is maintained in the UE and in the network. The entities can be dependent or independent of each others. The mechanism for RRC signalling transmission/reception via radio recourses of the cell could be similar with C3.
Figure 1 depicts the location of RRC entities, the interconnection of eNBs and signalling/reception of RRC signalling over the L2/L1 radio interface. Furthermore, in the figure, the involved eNBs are interconnected via an assumed “Xx-interface” which could be an extension of X2 or some other interface.

On top of these alternatives, actual coordination of RRC/RRM functions could be centralized to the anchor eNB or distributed over multiple eNBs. This is discussed more in Section 7.X.3.

[image: image1.emf]Control Plane 

Alternative 1

Assisting 

eNB

Control Plane 

Alternative 2

Uu

Uu

Uu

Xx

Xx

Anchor 

eNB

RRC

L2/L1

UE

RRC

L2/L1

Anchor 

eNB

RRC

L2/L1

UE

RRC

L2/L1

Assisting 

eNB

L2/L1








[image: image2.emf]Control Plane 

Alternative 3

Control Plane 

Alternative 4

Anchor 

eNB

Assisting 

eNB

UE

Anchor 

RRC

L2/L1

Assisting

RRC

L2/L1

Anchor 

RRC

L2/L1

Assisting

RRC

L2/L1

Uu

Uu

Xx

Anchor 

eNB

Assisting 

eNB

UE

RRC

L2/L1

Anchor 

RRC

L2/L1

Assisting

RRC

L2/L1

Uu

Uu

Xx


Figure 1. Radio Interface C-Plane architecture alternatives for dual connectivity
.
7.X.2
Evaluation of RRC alternatives

In this subsection, different alternatives are evaluated based on different metrics such as performance of RRC procedures, robustness of RRC signaling, UE complexity, network complexity etc.  The evaluation is given in Table 1.

It is noted that alternatives C3 and C4 may have lot of similarities. It could be a modeling issue if there are one or multiple RRC entities/connections in the UE when there are multiple entities in the network side.  However, here it is assumed that in Alternative C3, the UE maintains one RRC entity with one set of parameters and timers etc. This may imply that the two RRC entities in the network side can even be transparent to the UE. In C4, the entities are more independent and could even have separate RRC states, timers etc.
Table 1. Comparison of RRC architecture alternatives
	Alternative
	Benefits
	Drawbacks

	C1
	Simple solution

Well aligned with the legacy system as this alternative is close to the control plane solution of Rel-10 Carrier Aggregation. 

Minor impacts to standards and UE/Network implementation  

No additional solutions needed for security as PDCP can locate on Anchor eNB

Easy to route RRC messages particularly in UL, since there is only one termination point.

Anchor eNB guarantees that the RRC configuration does not exceed the UE capability.

Amount of signaling overhead remains low


	Longer delay for configuring/reconfiguring dedicated resources of the assisting eNB (e.g. PUCCH resource). 
RRC need to be relocated when the UE looses coverage of the macro cell, which could be a common case. 

Robustness of RRC messages exchange can be low due to RRC message exchange in small cell centre or macro cell edge, especially scenario #1.

Some interactions between Anchor eNB and Assisting eNB as the Assisting cell eNB needs to provide all information for anchor eNB so that the Anchor eNB can configure the UE. This also can bring limitations for the backhaul (delay and capacity).

Slightly increase of the processing requirement of the anchor eNB. 

Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).

	C3
	Some parameters can be signalled directly from the assisting eNB which make reconfiguration time shorter and more flexible. However, due to UE capabilities, there are limited possibilities for this without coordination between nodes.

Less interactions between the Anchor eNB and the Assisting eNB. Thus backhaul capacity and latency requirements less strict as compared to C1.

No timing uncertainty for synchronization between reception of RRC messages and reconfiguration of radio resources for the Assisting eNB.

Possibility for better RLF recovery via RRC connection to either cell.


	More complex than C1 and more standardization impacts.
Coordination mechanism is needed to guarantee that the UE capability is not exceeded.
Mechanism to route the uplink RRC message to the right RRC entity is needed.
Requirement to put the PDCP entity in Assisting eNB and different security keys
LCP procedure impact to map a certain data on SRB to certain radio resources
Possible more number of RRC messages. 
Possible confliction of the identifiers e.g. RRC-TransactionIdentifier. 
Currently only one RRC procedure can be running at the time. So might need changes.


	C4
	Shorter delay in reconfiguring small cell’s dedicated radio resources
Could have less interactions and signalling messages between Anchor eNB and Assisting eNB

Backhaul capacity requirement less strict compared to Alt.C1
Replication/reuse of current procedures for each RRC connection independently
	More complex than Alt. C1, C2 and C3, lots of standardization efforts

Requirement to put the PDCP entity in Assisting eNB and dual security keys required
LCP procedure to map a certain data on SRB to certain radio resources
Signalling overhead increase due to separate RRC reconfiguration in Anchor eNB and Assisting eNB.
Coordination mechanism is needed to guarantee e.g. not to exceed the UE capability
Unclear impacts to MME (for duplicated RRC states, NAS, security) and CN
Two RRC states may be required at UE and NW side 



7.X.3
Radio resource management functions 

In this subsection RRM functions are discussed.  Section 16 in TS 36.300 lists the following RRM functions:

· Radio Bearer Control (RBC)

· Radio Admission Control (RAC)

· Connection Mobility Control (CMC)

· Dynamic Resource control (DRA)

· Inter-cell interference coordination (ICIC)

RAN2 assumption for a single S1-MME terminating at the anchor eNB implies that CMC resides in the anchor eNB. DRA is probably part of the UP architecture discussion. And we further propose to leave ICIC out of discussions for now.  Thus, it can be assumed that most relevant RRM functions with respect to adding resources from an assisting cell for the UE are RBC and RAC.  One main question is whether those RRM functions reside in the anchor eNB only or each eNB controls its radio resources, resulting in a distributed RRM approach. Two main alternatives can be envisaged for each of the RRM functions RBC and RAC as depicted in Figure 2:
-
Alt.1 Centralized RRM and control of radio resources in the anchor eNB

-
Alt.2 Distributed RRM and control of radio resources between the anchor eNB and the assisting eNB
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Figure 2.  RRM architecture alternatives
With Alternative 1, it can be assumed the anchor makes all decisions with respect to radio resource management and then informs the assisting eNB about the relevant parameters. In the second alternative, radio resource control is distributed between the anchor and the assisting eNB. For example, the assisting eNB could control physical layer configuration related parameters of its cells.
7.X.4
Evaluation of RRM alternatives
In this subsection, qualitative evaluations of the location of the main RRM functions such as RBC and RAC for dual connectivity are given. Evaluations are done in terms of performance of RRM procedures, network complexity etc. The evaluation is given in Table 2.
For distributed RRM architecture, it is noted that the split of RRM should be invisible to UE as much as possible and the eNB details could be left up to eNB implementation. Many of the details are likely to concern RAN3 more than RAN2.

Table 2. Comparison of RRM architecture alternatives

	Alternative
	Benefits
	Drawbacks

	R1
	RRM functions are in same place as the RRC entity (if alternative C1 assumed) of the UE. So no additional delays due to coordination.

Less signalling needed on the Xx interface, since no need to have coordination for some RRC configuration/ decision in advance e.g., for RBC.


	Low RRM efficiency. Some RRM functions that require observing channel status of cells from the Assisting eNB cannot work.

Not flexible, especially for RBC and RAC function.

Cannot support the case where the assisting eNB would function as a legacy eNB towards some other UEs

Problematic when Assisting eNB is connected with more than one macro eNB

System complexity for anchor eNB to maintain RRM functions especially for many assisting eNBs

Additional signalling for control/ measurement for RRM coordination

More processing load in RRM entity of the Anchor eNB.



	R2
	Non-ideal backhaul can be supported. 

Assisting eNB can function also as a legacy eNB. 

Almost all RRM functions can work.

More adaptive and efficient RRM strategy/radio resource allocation can be applied for assisting eNB

No need to exchange dynamic cell information (such as assisting information related to resource usage).

Low complexity


	Potentially more signalling on the Xx interface comparing with alternative R1

Latency due to information exchange between RRMs

Needs some discussion as to which functions are handled by assisting RRM




End of text proposal
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