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1 Introduction
At RAN Plenary #58, a study item (SI) for enhancements to small cells for LTE was agreed and described in [1]. One objective of the SI is to evaluate the possible benefits of dual connectivity to more than one eNB, i.e. a MeNB and a SeNB. RAN2 has determined that inter-eNB aggregation shows technology potential in terms of per-user throughput, which potential motivates looking into possible impacts to the protocol architecture. A number of observations and possible alternatives for both the user plane and the control plane are already described in TR 36.842 [2].

In particular, for the control plane, during RAN2#82 there was an agreement on the definition of two alternatives with respect to 1) how RRC messages are generated, and 2) whether the UE communicates with a one or two “RRC entities”. We observe that such distinction basically translates, from the UE’s perspective, into 1) whether the RRCConnectionReconfiguration message will include the configuration for SCell(s) of a SeNB (e.g. by SCellToAddMod) in a message with the mobilityControlInfo IE or not and 2) whether or not a mechanism to route RRC messages to the proper RRC entity is required.

This contribution further discusses control plane aspects related to L2 transport of control plane signaling pertaining to functionality hosted in the SeNB with respect to the Uu interface of a UE configured with dual connectivity.
A text proposal to TR 36.842v020 to capture aspects of L2 transport of control plane signalling can be found in the appendix in section 5.

A proposal for a draft liaison to SA3 can also be found in the appendix in section 6.

2 L2 Transport of Control Plane Signaling for SeNB Procedures

2.1 RRC Functions in SeNB

During the email discussion on control plane architecture [4], most companies seemed to agree that the SeNB should manage its own radio resources. One of the motivations for this understanding is that most likely the SeNB would act as an eNB to other (single connectivity) UEs; it would thus be challenging to have RRM for the radio resources of the SeNB in the MeNB from the perspective of latency and coordination. However, it is also a general understanding that we share that some form of inter-eNB coordination may be needed e.g. to ensure that the SeNB does not exceed the UE’s capabilities.

Following this reasoning, one objective should be to minimize any impact(s) from the control plane architecture to RRM and preserve the overall system performance of the SeNB. The additional delay between 1) the time when the SeNB determines that a reconfiguration of the radio resources for a Dual Connectivity UE is initiated, and 2) the time when the concerned UE receives the reconfiguration message, should thus be minimized.

· Our view is that the RRM performance of a SeNB should be no less important than for any other type of eNB.

2.2 Inter-eNB Coordination

During the email discussion on control plane architecture [4], much focus and efforts were dedicated to the inter-eNB coordination and inter-eNB signaling principles.

Such principles appeared to be mainly focusing on an approach whereby the MeNB is always involved in real-time in the decision process for the SeNB’s RRM, either to request and/or to confirm different aspects of the procedure. We will refer to this type of handshake-based interaction as a tightly-coordinated approach.

Another possible approach is one where the MeNB would provide an initial set of parameters to the SeNB during the initial procedure resulting in the configuration of dual connectivity for a given UE. Such set of parameters may, for example, provide a set of constraints within which the SeNB can autonomously operate, e.g. a set of maximum UE capabilities applicable only to the UE’s operation on Uu of the SeNB. The MeNB can simply update such parameters whenever an event in the MeNB requires it. This would enable the SeNB to take autonomous decisions with respect to allocation and management of its radio resources at any given time, and for all UEs that it serves independently of whether they are configured for single or dual connectivity. Given that RRC connectivity is always ensured by the MeNB, any possible error cases for the reconfiguration from the SeNB may be recovered by the system. The objective of such approach is to simplify the procedures and to keep the inter-eNB signaling to a minimum. We will refer to this type of sandbox-based interaction as a loosely-coordinated approach. The loosely-coordinated approach is applicable once a UE has received the initial configuration for the SeNB.

· The discussion of RRC modeling (e.g. C1 and C2) should consider both a tightly-coordinated and a loosely-coordinated approach.

A tightly-coordinated approach requires that the inter-eNB coordination is completed before eUTRA can send the RRC message to the UE. The latency between the initiation of the RRC procedure by the SeNB and the time when the UE may first receive the RRC message is obviously a function of the latency over Xn as well as the number of signaling exchanges required before the RRC PDU may be assembled. The latency of the exchange over Xn is additionally affected by the topology of the underlying transport network. All things being relative, given the latency of the inter-eNB coordination and given that the MeNB is always involved in any RRC event related to the SeNB, it can appear that it may not make a significant difference in terms of total delay whether the UE receives the RRC message from the MeNB or directly from the SeNB. However, when the signaling is received from the MeNB, this comes with the drawback that additional delay is further introduced by the procedure needed to ensure that the UE and the SeNB are synchronized. Such procedure may be a random access, or an activation timer. It is also our understanding that RRC modeling according to alternative C1 is closely tied with the tightly-coordinated approach.

A loosely-coordinated approach simply requires that each eNB provide the necessary information when such information changes, possibly with an acknowledgement when such is reception. If the inter-eNB interactions can be kept to a minimum, and in particular if L2 transport of control plane signaling can support that the SeNB can transmit RRC messages pertaining to the UE’s operation directly using its Uu interface, then the latency may become significantly less for alternative C2.

Both approaches require the same handling of a failure by the UE to reconfigure its operation on the Uu of the SeNB.

Both approaches require that the UE may determine, when receiving a RRC message (e.g. a reconfiguration message), whether it applies to the configuration related to the MeNB or to the SeNB. When transmitting an RRC message (e.g a complete message), the UE requires means to determine what radio resources should be used for the transmission only for alternative C2.
Proposal 1: 
Capture the analysis of section 2.2 in TR 36.842 (see appendix in section 5):
	1) L2 transport over Uu of MeNB;

This alternative can support both option 1 and option 2 above. A mechanism to synchronize the completion of the procedure in the SeNB and in the UE is necessary, and whether it is based on activation time, random access etc. is FFS. It increases signaling over Xn. Whether or not the delay between the start of the reconfiguration in the SeNB and the completion of the procedure is increased depends on the inter-eNB modeling.

2) L2 transport over Uu of SeNB;

This alternative can support both option 1 and option 2 above. For option 1, a mechanism to synchronize the completion of the procedure in the SeNB and in the UE is also necessary as the MeNB processes the RRC messages. For option 2, such synchronization is not an issue but additional delay may occur if the UE has to process sequentially two messages from different eNBs, for the procedure initiated last in the sequence. For option 2, the UE additionally needs to determine what radio resources to use when it transmit a RRC message.


2.3 L2 Transport of User Plane Data

The discussion of the L2 transport of user plane data may have an impact on the discussion of the L2 transport of control plane data. For the L2 transport of user plane data, one question is whether or not PDCP (including UP-related security functions) should be located in the SeNB. The location of PDCP has impacts on a number of other decisions. If PDCP is located only in the MeNB, then the architecture where S1-u may be split such that it may be terminated in either the MeNB or the SeNB for a given EPS RAB cannot be supported. This may, depending on the underlying deployment topology, be inefficient from the backhaul perspective. If PDCP may be located in either the MeNB or the SeNB for a given bearer, then such architecture becomes possible. This would however be at the expense of additional security processing requirements in the UE with respect to key derivation and maintenance of an additional security context for the bearers associated to the SeNB. The location of PDCP also has impacts on the Xn interface.

· If S1-u split (option 1 in 8.1.1 of TR 36.842) is supported, then PDCP needs to be supported in SeNB

If RAN2 determines that S1-u split (option 1) should not be supported with dual connectivity, then it would be unnecessary complexity to introduce PDCP in the SeNB for the purpose of L2 transport of signaling from the SeNB (pending SA3 confirmation that it would respect the LTE security principles).

However, if RAN2 determines that S1-u split (option 1) should be supported with dual connectivity or if RAN2 for other reasons determines that PDCP should be located in the SeNB, then the additional complexity to introduce PDCP in the SeNB for the purpose of L2 transport of signaling from the SeNB would be minimal.

Proposal 2: 
The decision on L2 transport of CP signaling should be aligned with the decision for L2 transport of UP data.
Proposal 3: 
Capture the analysis of section 2.3 in TR 36.842 (see appendix in section 5):

	L2 transport of control plane signalling should, as much as possible, be aligned with L2 transport of user plane data.

Whether or not PDCP/security is required in the SeNB for control plane signaling is FFS (SA3 input is required). If it is required by the LTE security architecture and/or if the user plane architecture supports PDCP in the SeNB, then the cost of in terms of additional complexity to support alternative 2 above is smaller than if otherwise.


2.4 Impacts of LTE Security Principles

During the email discussion on control plane architecture [4], aspects of security were mentioned. Those aspects are central to further work and assumptions on the user plane architecture, on the control plane architecture and on the modeling of RRC interactions with the UE. It may be useful for RAN2 to confirm a number of assumptions with SA3.

For the control plane, one question is if both architecture alternatives considered are acceptable from the perspective of the LTE security architecture, i.e. one that uses a single security context anchored in the MeNB and one that uses a security context in each of MeNB and SeNB for a given UE configured with dual connectivity. In particular, for the case of a single security context, it may or may not be acceptable for a UE to establish a physical layer connection (i.e. Uu) to a SeNB without having a direct security association with the SeNB. Furthermore, it may or may not be acceptable to do so without termination of a SRB at the concerned SeNB.

Proposal 4: 
Send a Liaison to SA3 to confirm that both alternatives (security / no security function in SeNB) are acceptable from the perspective of the LTE architecture.
A proposal for a draft liaison to SA3 can also be found in the appendix in section 6.

3 Conclusion

RAN2 should discuss the above aspects of L2 transport of control plane signaling, and agree to the following:

Proposal 1: 
Capture the analysis of section 2.2 in TR 36.842 (see appendix in section 5):

Proposal 2: 
The decision on L2 transport of CP signaling should be aligned with the decision for L2 transport of UP data.
Proposal 3: 
Capture the analysis of section 2.3 in TR 36.842 (see appendix in section 5):

Proposal 4: 
Send a liaison to SA3 to confirm that both alternatives (security / no security function in SeNB) are acceptable from the perspective of the LTE architecture.
In particular, RAN2 should not exclude from the scope of further work either option for the transport of RRC signaling before the respective underlying assumptions on the security architecture are validated by SA3.
A text proposal to TR 36.842v020 to capture aspects of L2 transport of control plane signaling can be found in the appendix in section 5.

A proposal for a draft liaison to SA3 can also be found in the appendix in section 6.
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5 Text Proposal to TR 36.842 v020

	8.1.2
Control plane architecture for dual connectivity

In this section, C-plane 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).
8.1.2.1
RRC Protocol architecture
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

In dual connectivity operation, a UE always stays in a single RRC state, i.e., either RRC_CONNECTED or RRC_IDLE. With this principle, the main two architecture alternatives for RRC are the following:

-
Option C1: Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. L2 transport of these messages is FFS (e.g. transfer via SeNB).

-
Option C2: MeNB and SeNB can generate final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB and may send those directly to the UE (depending on L2 architecture) and the UE replies accordingly. How and whether to distinguish source and destination RRC entity are FFS. How to route UL messages is FFS. L2 transport of these messages is FFS (e.g. transfer via SeNB).
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Figure 8.1.2.1-1: Radio Interface C-plane architecture alternatives for dual connectivity
8.1.2.2
L2 Transport of RRC signalling
L2 transport of control plane signalling should, as much as possible, be aligned with L2 transport of user plane data.

A UE establishes SRB0, SRB1 and SRB2 with the MeNB. RRC signalling from the MeNB is transported using the Uu interface of the MeNB, at least up and until completion of the initial configuration for dual connectivity. Whether or not such signalling may also be (or alternatively) transported over the Uu of the SeNB after initial configuration of dual connectivity depends on whether or not multi-flow / signalling diversity is supported for control plane signalling (FFS).

After the completion of the initial configuration for dual connectivity, the UE may additionally receive RRC signaling from eUTRAN for reconfiguration of the physical layer for the Uu of the SeNB. Whether or not such RRC message is always transported over the Uu of the MeNB or over the Uu of the SeNB is FFS.

For each case, the following advantages and drawbacks are considered:

1) L2 transport over Uu of MeNB;

This alternative can support both option 1 and option 2 above. A mechanism to synchronize the completion of the procedure in the SeNB and in the UE is necessary, and whether it is based on activation time, random access etc. is FFS. It increases signaling over Xn. Whether or not the delay between the start of the reconfiguration in the SeNB and the completion of the procedure is increased depends on the inter-eNB modeling.

2) L2 transport over Uu of SeNB;

This alternative can support both option 1 and option 2 above. For option 1, a mechanism to synchronize the completion of the procedure in the SeNB and in the UE is also necessary as the MeNB processes the RRC messages. For option 2, such synchronization is not an issue but additional delay may occur if the UE has to process sequentially two messages from different eNBs, for the procedure initiated last in the sequence. For option 2, the UE additionally needs to determine what radio resources to use when it transmit a RRC message.
Whether or not PDCP/security is required in the SeNB for control plane signaling is FFS (SA3 input is required). If it is required by the LTE security architecture and/or if the user plane architecture supports PDCP in the SeNB, then the cost of in terms of additional complexity to support alternative 2 above is smaller than if otherwise.
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1. Overall Description:

RAN2 is progressing work on the study item (SI) for enhancements to small cells for LTE, as described in RP-122033. One objective of the SI is to evaluate the possible benefits of dual connectivity to more than one eNB, i.e. a MeNB and a SeNB. RAN2 has determined that inter-eNB aggregation shows technology potential in terms of per-user throughput, which potential motivates looking into possible impact to the protocol architecture. A number of observations and possible alternatives for both the user plane and the control plane are already described in TR 36.842v020.

During RAN2 discussions, a number of different alternatives for the user plane as well as for the control plane architecture have been discussed. Different alternatives have different impacts from the perspective of how security is handled.
For the user plane, one question is whether or not PDCP (including UP-related security functions) should be located in the SeNB. The location of PDCP has impacts on a number of other decisions. If PDCP is located only in the MeNB, then the architecture where S1-u may be split such that it may be terminated in either the MeNB or the SeNB for a given EPS RAB cannot be supported. This may, depending on the underlying deployment topology, be inefficient from the backhaul perspective. If PDCP may be located in either the MeNB or the SeNB for a given bearer, then such architecture becomes possible. This would however be at the expense of additional security processing requirements in the UE with respect to key derivation and maintenance of an additional security context for the bearers associated to the SeNB. The location of PDCP also has impacts on the Xn interface.
For the control plane, one question is if both architecture alternatives considered are acceptable from the perspective of the LTE security architecture, i.e. one that uses a single security context anchored in the MeNB and one that uses a security context in each of MeNB and SeNB for a given UE configured with dual connectivity. In particular, for the case of a single security context, it may or may not be acceptable for a UE to establish a physical layer connection (i.e. Uu) to a SeNB without having a direct security association with the SeNB. Furthermore, it may or may not be acceptable to do so without termination of a Signalling Radio Bearer (SRB) at the concerned SeNB. Finally, for the dual security context case, an increased level of complexity would be introduced for key derivation.
2. Actions: 

To SA3:

RAN2 kindly asks SA3 to discuss and provide guidance to RAN2 for the following questions:
1) Is it acceptable, from the perspective of the LTE security architecture, for a UE to establish a Uu with a network node without establishing a SRB and/or without a direct security association with the concerned node?
2) What would be the consequence to key management if a UE would be configured such that two security contexts (one for each eNB) is maintained for a single RRC connection?

3) Are both alternatives feasible and acceptable from SA3’s point of view?
3. Date of Next TSG-RAN2 Meetings:

3GPP TSG-RAN WG2 Meeting #83bis

Oct 7- 11, 2013

Ljubljana, Slovenia
3GPP TSG-RAN WG2 Meeting #84

Oct 11- 15, 2013

San Francisco, USA
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