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1 Introduction

During RAN2#81bis and RAN2#82 meetings, the control plane architecture for small cell enhancements was discussed. Some initial agreements were made:  

1. 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.

2. We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3) 
3. In dual connectivity operation, a UE always stays in a single RRC state, i.e., either RRC_CONNECTED or RRC_IDLE.
In email discussion [81bis#18], evaluation of control plane architecture alternatives was started. The summary of the email discussion can be found in [1]. However, in RAN2#82 meeting, RAN2 could only confirm different alternatives for control plane architecture but not yet on qualitative evaluation of the alternatives.

Thus, in this email discussion, the idea is to continue evaluation of control plane architectures:

[82#17][LTE/SCE] Control plane aspects (Ericsson). 

-
Discuss RRC and RRM aspects based on the two option agreed in this meeting.

-
Should discuss not only the functional split but also the details of the two solutions including interworking of the eNBs (who owns which resource, who can decide what or who needs to handshake which decision with the other eNB, signalling load, …).

=>
Intended outcome: Email discussion report and TP to TR 36.842
Companies are invited to provide their input to this email discussion well in time so that a text proposal covering the outcome of the email discussion can be drafted. The final deadline for the email discussion is 1.8.2013 midnight Pacific Time.
2 Discussion

In this section, potential CP architectures to support dual connectivity are discussed. The intention is to discuss both RRC signaling aspects towards the UE and aspects related to the interworking of eNBs. 

2.1 Control plane architecture 

As agreed in RAN2#82 meeting and captured in [2], the main two architecture alternatives for C-plane 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).


[image: image1.emf]Control Plane 

Option 1

SeNB

Control Plane 

Option 2

Uu

Xn

MeNB

RRC

UE

RRC

MeNB

SeNB

UE

RRC

Anchor 

RRC

Assisting

RRC

Uu

Uu

Xn

Uu


Figure 1: Radio Interface C-plane architecture alternatives for dual connectivity
As captured in [2], 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
However, to limit scope of this email discussion, it is proposed to focus on understanding the difference between the architectures having the dedicated radio resource configuration in mind, especially considering MAC/PHY layer parameters.
2.1.1 Control of radio resources

First question is to discuss which eNB owns the radio resources of the cells and is responsible for defining a suitable radio resource configurations and allocations. Three different alternatives could be seen:
1. The MeNB owns the radio resources of the SeNB and is solely responsible for all radio resource configurations of the SeNB

2. The MeNB owns part of the radio resources of the SeNB and is responsible for part of the radio resources configurations of the SeNB

3. The SeNB owns the radio resources of it own cells and is responsible for allocating radio resources for different UEs

In email discussion [81bis#18], majority of companies indicated that because the SeNB can operate as a stand-alone eNB towards some other UEs, the solution where the MeNB controls radio resources of the SeNB can hardly work. Furthermore, it can be that the SeNB is connected to many eNBs acting as MeNBs for different UEs. Thus, it is reasonable to assume that the SeNB owns it radio resources and is primarily responsible to radio resource allocations relating to its cells.
Assumption 1: The SeNB owns it radio resources and is primarily responsible for allocating radio resources of its cells. 
Question 1: Do companies agree with Assumption 1?

	Companies
	Yes/No
	Comments

	Ericsson, ST-Ericsson
	Yes
	Agree that the solution where the SeNB owns its radio resources is more flexible for different use cases (stand-alone pico eNB operation, pico connected to many macros etc.).

	Panasonic
	Partially Yes
	The final owner and responsible is SeNB however some knowledge sharing of resource usage is necessary also to MeNB. For example, MeNB would need to know which resources (PRBs) E-PDCCH in DL and PUCCH in UL need to be protected by interference coordination (e.g. in Scenario 1) e.g. when MeNB decides the protected resources that it needs to coordinate with neighbouring aggressors (Macros) and victim (Small cells). This information will not change very dynamically and therefore can be shared between them.

	LGE
	Yes
	We agree that the SeNB owns its radio resources because the SeNB can operate as stand-alone eNB towards some other UEs.
We also agree that the SeNB is primarily responsible for allocating radio resources of its cells, but when allocating resources to dual connectivity UEs, some coordination with MeNB is needed.

	Qualcomm
	Yes
	The SeNB owning its own radio resources seems the simplest approach. Some additional coordination between the MeNB and SeNB may be required for optimal performance

	ZTE
	Yes
	We agree that SeNB owns its radio resource otherwise there will be much signalling over Xn to exchange load information.

	InterDigital Communications
	Yes
	The SeNB should allocate its own radio resources given that it is expected that it may also operate as a stand-alone access for other UEs.

However, some inter-eNB coordination may be needed from the MeNB e.g. to ensure that the SeNB does not exceed the UE’s capabilities. What level of coordination is needed and how such coordination is achieved needs to be discussed before settling other aspects in this discussion. 

Our preference would be for an approach where the MeNB would provide a set of parameters to the SeNB, which would enable the SeNB to subsequently take autonomous decisions with respect to allocation and management of its radio resources, with the objective of simplifying the procedures and to keep the inter-eNB signalling to a minimum.

	Hitachi
	Yes
	Agree with the assumption.

	Alcatel-Lucent
	Yes
	Agree that the SeNB should be responsible for its radio resources and resource assignment to the UEs. 

	ETRI
	Yes
	We agree that the SeNB owns and controls its radio resource considering various operation scenarios. However, there may be some coordination between SeNB and MeNB to provide radio resource parameters.

	Huawei, HiSilicon
	Yes
	SeNB owns its radio resources and is primarily responsible for allocating radio resources of its cells.

	Samsung
	Yes
	Agree to the assumption with the details to be discussed during WI phase

	CMCC
	Yes
	SeNB owns and controls its radio resource. And we consider this will not prevent the radio resource coordination between MeNB and SeNB.

	DOCOMO
	Yes
	Agree with the proposed assumption.

We think that from standard perspective this is the only way to do, since the other options (resource pooling options) can be anyway done in implementation.

	Fujitsu
	Yes
	Considering the latency of Xn, optimal radio resource control of the SeNB is not possible if the MeNB owns the radio resource of the SeNB.

	Broadcom 
	Yes
	We believe that each eNB should own and be responsible for its radio resources for the reasons cited in this section. Of course the MeNB and SeNB may share knowledge and negotiate agreeable resource allocation between them. The negotiation process should be FFS and parts of it may be considered in the WI phase.

	Pantech
	Yes
	Basically, DRA function should be resided in each eNB. We also agree that negotiation (independent control) or coordination (Master-Slave control) between eNBs may be needed for some configurations which are quite related to UE capability.

	Intel
	Yes
	We also agree that the SeNB owns its radio resources and is responsible for allocating radio resource because the SeNB should be a stand-alone eNB and it would be more efficient. 

	CATT
	Yes
	The solution has high RRM efficiency, and SeNB can have local decision making (such as RAC) of allocating radio resources of its own cell. So we agree with the assumption.

	NNSN
	Yes
	Agree that SeNB should own its radio resources and be responsile for allocating radio resources for those dual-connectivity UEs and single radio mode UEs with its cells. However this should not prevent the possibility for one eNB (e.g. operating as SeNB) to reserve some of its resources to another eNB (e.g. operating as MeNB), which the MeNB can then directly allocate among the UEs that have the corresponding eNB configured as SeNB. 

	NEC
	Yes
	We agree with the assumption.

	Kyocera
	Yes
	Due to the non-ideal backhaul, SeNB should own its radio resources even if some level of coordination between MeNB and SeNB are needed.

	ITRI
	Yes
	We agree on the assumption because SeNB is a standalone eNB.  However, some coordination between MeNB and SeNB is still needed and the coordination should take the latency of Xn into account.

	BlackBerry
	Yes
	The SeNB owns its radio resources, however MeNB and the offloading SeNB need to coordinate for purposes such as interference management and load balancing


Rapporteur’s summary of Question 1
All companies agree that the SeNB owns it radio resources and is primarily responsible for allocating radio resources of its cells. Some coordination is still needed between MeNB and SeNB to enable this.
2.1.2 Procedure for radio resource configurations
In this subsection, potential procedures for radio resource configurations are discussed. This helps to understand better the potential benefits and drawbacks between different architectures. 
Let us consider a situation where the radio resource configuration of the SeNB needs to be changed. For example, the configuration could be PUCCH configuration or a transmission mode change.  For C-plane alternative C1, the at least following steps could be considered:

1.
MeNB provides input parameters (e.g. UE capabilities and potentially the radio resource configuration of the UE) to the SeNB. Trigger when to provide these parameters is FFS.
2.
The SeNB decides the parameters relevant for it (e.g. PUCCH configuration) and signals these to the MeNB.

3.
Based on input from the SeNB, the MeNB generates the final RRC message and signals this message to the UE. L2 transport of these messages is FFS.
Question 2: Do companies agree with general principles and steps for RRC reconfiguration with C1?

	Companies
	Yes/No
	Comments/corrections/additions

	Ericsson, ST-Ericsson
	Yes
	Three steps are required. Only the MeNB knows some information that is needed to select a suitable RRC configuration (capabilities, bearer characteristics etc) so the first step is needed. 

	Panasonic
	No
	For normal initial SeNB setup case, the MeNB can directly configure the resources towards the UE since resources (e.g. PUCCH) can be reserved by the negotiation between MeNB and SeNB before initial SeNB setup case towards a specific UE. SeNB is also informed what is configured to UE by MeNB. Therefore, step 1 is not required. For specific type of the category of UE like optimized for MTC, the delay of initial SeNB setup procedure is acceptable and may have step 1 behaviour.
For further reconfigurations that may be required, Step1 maybe un-necessary since the trigger for such reconfiguration might lie in SeNB itself (based on UL Control signalling terminating at SeNB for its own resources) and also the UE capability should be already known to it at this point of time.



	LGE
	Yes
	Some information such as QoS parameters should be provided from the MeNB to the SeNB to help the SeNB to configure suitable radio bearer parameters. 

	Qualcomm
	In principle yes
	These three steps are required but as Panasonic has suggested, the first step may be part of another step such as the initial setup or may only be needed in some instances such as reconfiguration.

Isn’t a fourth step also needed for the MeNB to provide the configuration to the SeNB as well?


	ZTE
	No
	To me, we are comparing two general signalling scheme i.e. how to deliver RRC message to UE. And then for C1 it only means step2 and step3. E.g. when only transmission mode is changed SeNB can do it on its own. Actually I am not sure whether this definition could be of any help. It seems only to repeat what is captured by TR.

	InterDigital Communications
	No
	This may be one approach to model the inter-eNB interactions. There may be other suitable starting points when discussing the control plane. The level of inter-eNB coordination needed and how such coordination is achieved needs to be discussed first before settling this. For example, at least two flavours could be considered; either a) handshake-based approach whereby the macro makes the final decision or b) sandbox approach whereby the SeNB autonomously makes the final decision within a set of restrictions configured by the MeNB.
In general, from the network’s perspective, our view is that:

1) the initial configuration for the SeNB should be modelled as closely as possible to the current handover preparation procedure, where the HO request may include additional parameters to enable inter-eNB coordination; and

2) any subsequent reconfiguration for the SeNB should be modelled as closely as possible to the current procedure for reconfiguration of SCells, where the serving node has means to independently determine when/what to reconfigure and assembles the message. In particular, if the UP discussion settles that PDCP (with security) may be located in the SeNB (which is still FFS), then additionally the SeNB could make the transmission itself. This would remove any concerns on delay, timing uncertainty and signalling/procedural complexity for Xn.

	Hitachi
	Yes
	We understand that Step 1 is needed e.g. when the input parameters are changed and Steps 2 & 3 are required whenever SeNB prefers to update radio resource configurations.

	Alcatel-Lucent
	Need further discussion
	What needed in C1 is some communication of parameters between the MeNB and SeNB. The exact steps to follow depends on many aspects such initial SeNB configuration or offloading bearer configuration/reconfiguration, the triggering condition and so on. C1 requires some information be provided by the SeNB in order to generate the final RRC message regarding SeNB radio configuration towards the UE. What we see is the key aspect of C1 is the final RRC message is put together by the MeNB.  



	ETRI
	Yes
	Above three steps are basically required for radio resource reconfiguration at SeNB. 

In C1, since only MeNB knows the characteristics of radio bearer, first step to provide configuration parameters of radio bearer with SeNB is required.

	Huawei, HiSilicon
	It depends on whether this is for the initial configuration (i.e., the addition) of SeNB or for the reconfiguration of SeNB
	Yes for the initial configuration (i.e., the addition) of SeNB, as MeNB should pass UE capabilities and the required QoS parameters to SeNB. No for reconfiguration of certain parameters of SeNB, which don’t impact the session maintenance and QoS control of the dual connectivity.

	Samsung
	Yes
	We agree. In step 1, we can consider two options:

a) 
The MeNB informs SeNB whenever there is a configuration change affecting what the SeNB can assign 

b) 
Whenever the SeNB wants to re-configure, it fetches the configuration information from the MeNB.

On the other hand, it would not be good for trial and errors with any negotiation between MeNB and SeNB. 

	CMCC
	No
	We consider that at least the step 1 is not necessary for all kinds of radio resource configurations. Furthermore, the coordination procedures could be decoupled from the RRC configurations procedures.



	DOCOMO
	In principle yes.
	The necessary steps are basically as shown by the rapporteur.

The main characteristics of C1 (compare to C2) is the need to convey parameters from SeNB to MeNB.

With regard to whether step1 (
ignalling from MeNB to SeNB) is necessary or not, and whether it is needed in the beginning of a procedure, details procedures needs to be discussed.

Another way to discuss is to consider a broad classification of procedures:

a. SeNB Initial configuration procedure

b. Procedure triggered by upper layer (MME) (that may need MeNB involvement), 
e.g., security modification, bearer QoS modification, addition of offloading bearer

c. Procedure triggered by (and closed within) SeNB (assumption is SeNB control it’s own resource), 
e.g., PUCCH (re)configuration

Basically step 1 is necessary for a, b and c. For a and b, step1 (
ignalling from MeNB to eNB) is foreseen to exist in the beginning of every procedure, whilst for c, step 1 is not needed (assuming that the necessary information is provided earlier, e.g., in initial SeNB configuration).

	Fujitsu
	No
	We have similar view with IDT w.r.t there are “configuration” and “reconfiguration”.

(1) For “configuration” case, the MeNB should trigger and responsible for the radio resource setup/configuration of the SeNB. Thus this procedure could be like the above and similar to the HO preparation procedure.

(2) For “reconfiguration” case, it seems that we need further analysis. For example, the radio resource reconfiguration should be in principle performed based on the feedback from the DC-UE. If UCI and SRS of the DC-UE are reported to the MeNB, the MeNB should trigger the reconfiguration procedure. On the other hand, UCI and SRS of the DC-UE are reported to the SeNB, the SeNB should trigger the reconfiguration procedure.

	Broadcom
	No
	Our opinion is that the steps 1-3 do not capture the full set of possibilities. For example, the SeNB may initiate RRC configuration change by informing the MeNB. Moreover if we assume that the SeNB owns its radio resources then a RRC configuration sent by the MeNB may not be acceptable. So some form of negotiation needs to be considered between the eNBs.


	Pantech
	In principle yes
	We agree with QC’s view on first step. And we have similar view with LG on QoS parameter transfer. But we think some parameters related on RB configuration such as QoS parameter transfer should be once when a RB would be set for dual connectivity. Therefore, we don’t think that the suggested 3 step procedure is always required for C1.

	Intel
	In principle yes
	For the initial setup, all three steps are required, while for SCell modification/release, step 1 may be skipped if SCell modification/release is initiated by SeNB own triggering e.g. due to loading situation. In addition, depending on the synchronization mechanism, additional step indicating that MeNB send the final RRC message may be required from the MeNB to the SeNB.   


	CATT
	In principle yes
	For C1, these steps are required for some instances, such as initial configuration. For the reconfiguration of small cell, these steps need to be further discussed. For example, step 1 may be skipped while the TM mode is changing in small cell. 

	NNSN
	Yes
	This is basically related to how to model the coordination between two eNBs. For the initial SeNB setup case, these three steps are required which look like the handover preparation procedure. For the SeNB reconfiguration case, whether parameters provided by SeNB can be directly configured by MeNB depends on whether these parameters are still within UE capability based on SeNB’s knowledge. This can be guaranteed by step 1. 

	NEC
	In principle yes
	Agree with other companies, the step 1 needs more discussion.

	Kyocera
	Yes
	The 3 steps are the baseline steps. There may be interactions between MeNB and SeNB that are needed but not yet decided.

	ITRI
	In principle yes
	We think that “radio resource re-configuration” is not clear since it may include many aspects.  We share NTT DCM’s views.  In general, we think that the three steps can be applied to radio resource initial configuration.  But for radio resource re-configuration, three steps may be not applicable for all cases.  Maybe we should discuss the procedure case by case.

	BlackBerry
	No
	Step 1 can be included in the initialization between MeNB and the SeNB for the offloading of a particular UE (an offloading of another UE in the same SeNB may trigger another initialization). Steps 2 and 3 are needed to take care the dynamic configuration change. A MeNB may also notify its dynamic configuration change to its offloading SeNB(s)


Rapporteur’s summary of Question 2:

Yes/In Principle yes: 16 
No: 7

Needs to be discussed further: 1
Conclusions: 
· Large majority of companies agree that these three steps are needed at least for the initial SCell configuration. 
· For the reconfiguration, many companies suggest that Step 1 can be skipped and configuration can be decided by the SeNB based on earlier provided information (capabilities etc). Rapporteur comments that for many RRC parameters, the SeNB needs to have up-to-date information of UE’s RRC configuration in the MeNB. Otherwise there is a risk that RRC configurations of the MeNB and SeNB together exceeds UE capabilities. Step 1 can only be skipped if it can be guaranteed that RRCConnectionReconfiguration shall be valid and in line with the UE capabilities.
· Two companies suggest that the fourth step is needed. If the MeNB modifies the configuration before transferring it to the UE, then the final configuration needs to be transferred to the SeNB. However, it can be expected that in most of cases the configuration remains same as requested by the SeNB.
Similarly, for C-plane alternative C2, at least the following steps could be considered:

1.
MeNB provides input parameters (e.g. UE capabilities and potentially the radio resource configuration of the UE) to the SeNB. Trigger when to provide these parameters is FFS.
2.
The SeNB decides the parameters relevant for it, generates the final RRC message and signals this to the UE. L2 transport of these messages is FFS

Question 3a: Do companies agree with general principles and steps for RRC configuration with C2?

	Companies
	Yes/No
	Comments/corrections/additions

	Ericsson, ST-Ericsson
	In principle yes,
	These steps are needed in minimum. However, it can be assumed that also the MeNB needs to know the radio configuration of the UE, So there is a need for the third step to notify the MeNB of the selected parameters.

Furthermore, in the case of the initial configuration, parameters can be only signalled via the radio resources of the MeNB. So there is an additional step needed towards the MeNB (even this step is not necessarily visible in the RRC layer).



	Panasonic
	No
	For Re-configurations the trigger to do so should also be in SeNB (so step 1 is redundant); however, the MeNB needs to be informed what is configured to UE (on Xx) for interference coordination.


	LGE
	In principle yes
	We agree with Ericsson that the third step might be needed. However, which parameters should be shared between the MeNB and the SeNB need further study.


	Qualcomm
	In principle yes
	In some cases additional steps may be needed as suggested by Ericsson while in others (after initial configuration is sent by the MeNB to the SeNB), the first step may not be needed as suggested by Panasonic
 

	ZTE
	No
	Same comments as comments to question 2.

	InterDigital Communications
	No
	Same comment as our comment for question 2 above.

	Hitachi
	Yes
	We understand that Step 1 is needed e.g. when the input parameters are changed and Steps 2 & 3 are required whenever SeNB prefers to update radio resource configurations.


	Alcatel-Lucent
	Need further discussion
	The signalling steps and procedures depend on triggering condition, which node take the decision to reconfigure, whether it is initial SeNB configuration or the offloading bearer configuration and so on. There is no reason to agree on some signalling steps pre-maturely. 

C2 may require some information communication between the SeNB and MeNB in order to generate the final RRC message by the SeNB. When and how the information are communicated between the SeNB and MeNB should be further discussed based on the signalling scenarios.

What we see is the key aspect of C2 is the final RRC message containing the Small cell reconfiguration and offloaded bearer configuration is put together by the SeNB.



	ETRI
	Need further discussion
	We think the first step will be performed conditionally. If MeNB would like to reconfigure radio resource parameters of SeNB, the first step will be occurred. However if SeNB autonomously change its radio resource configuration by some condition, the first step may be skipped



	Huawei, HiSilicon
	It depends on who initiates the reconfiguration at SeNB
	Yes, if the reconfiguration is initiated by MeNB, in which the reconfiguration is likely related to dual connectivity, e.g., changes in QoS; no, if the reconfiguration is initiated by SeNB, in which changes are only related to local parameters of SeNB.


	Samsung
	Yes
	We agree. But, we could need additional steps. For example, SeNB may need to transfer new configuration to MeNB to make the final configuration synchronized.


	CMCC
	No
	We consider that at least the step 1 is not necessary for all kinds of radio resource configurations. Furthermore, the coordination procedures could be decoupled from the RRC configurations procedures.



	DOCOMO
	In principle yes.
	The necessary steps for C2 are basically as shown as shown by the rapporteur.


DCM comments for Question 2 to consider broad classification of procedure also apply here.

	Fujitsu
	No
	Same comments as our comments for question 2 above.

	Broadcom
	No
	The SeNB should be aware of UE capabilities as part of initial setup. The SeNB and MeNB can independently choose the RRC configuration (in their control) and inform each other the chosen RRC configuration.


	Pantech
	In principle yes
	We have same view with QC.


	Intel
	In priniciple yes
	Two steps would be the basic procedure. However, similar to our comments on C1, if SCell modification/release is triggered by the SeNB, step 1 can be skipped. In addition, in case of SCell release, the SeNB should notify it to the MeNB. 

	CATT
	Yes
	The initial RRC configuration in SeNB needs to be performed by MeNB. The SeNB can takes responsibility for the reconfiguration of radio resource in SeNB without step 1.

	NNSN
	In principle yes
	Step 1 is needed to ensure SeNB has the right knowledge of left UE capability when performing step 2.

Plus, a third step might be needed that SeNB notifies those radio resource parameters to MeNB in order to update the available UE capability information at the MeNB side. 



	NEC
	In principle yes
	Additional coordination/notification step with MeNB may be needed.

	Kyocera
	Yes
	The SeNB may need to share the information with the MeNB.

	ITRI
	FFS
	For RRC re-configuration, we share with Huawei, i.e., it depends on which eNB reconfigures its own radio resource.  So, the two steps procedure could be initialized by SeNB.  

Furthermore, whether or not both MeNB and SeNB should keep the full configurations of UE affects the RRC reconfiguration procedure.  We think that RRM and the coordination between MeNB and SeNB should be discussed first.

	BlackBerry
	No
	Similarly, Step 1 can be included in the initialization between MeNB and the SeNB for the offloading of a particular UE, therefore step 1 is not necessary for subsequent RRC messages. After step 2, the SeNB may notify the MeNB about the configuration changes. A MeNB may also notify the change of its configuration to its offloading SeNB(s)


Rapporteur’s summary of Question 3a
Yes, in principle yes: 14 

No: 7

Needs to be discussed further: 3

Conclusions:

· Large majority of companies agree that these two steps are needed at least for the initial SCell configuration. 

· For the reconfiguration, many companies suggest that Step 1 can be skipped and configuration can be decided by the SeNB based on earlier provided information (capabilities etc). Similar to Question 2, rapporteur comments that for many RRC parameters, the SeNB needs to have up-to-date information of UE’s RRC configuration in the MeNB. Otherwise there is a risk that RRC configurations of the MeNB and SeNB together exceeds UE capabilities. Step 1 can only be skipped if it can be guaranteed that RRCConnectionReconfiguration shall be valid and in line with the UE capabilities
· Many companies consider that the third step is needed where the SeNB signals the selected RRC configuration to the MeNB. This step will be added to the text proposal.
Furthermore, one open question is how to perform the initial RRC configuration for the SeNB. It can be assumed that C1 can be directly used for the initial configuration. However, it can be further discussed if C2 can be used for the initial configuration e.g. by utilizing the radio resources of the MeNB. 
Question 3b: Are there specific aspects related to initial radio configuration of the SeNB? Can C2 be used for the initial SeNB configuration?

	Companies
	Yes/No
	Comments

	Ericsson, ST-Ericsson
	In principle yes.
	Because L2 transport is FFS, from RRC point of view, in principle also the initial configuration could be signalled with Option C2. However, note that then the delay and the steps (including RRC and L2 aspects) are similar.

	Panasonic
	In principle yes
	To us, to signal SeNB decision to UE from MeNB is similar to the inter eNB HO procedure (with the difference that the target cell will be added instead of replacing the original Pcell) and therefore the reconfiguration message should come from the MeNB (after preparation involving the target eNB) where the security protection of the message needs to be performed since SeNB does not have security context. Even SeNB have security context later, at the moment of initial set-up, there would not be a security context.

	LGE
	Yes
	It is possible that the SeNB generates the initial configuration message and transmits it to the UE via the MeNB. The message generated by the SeNB is transparent to the MeNB.

	Qualcomm
	In principle yes
	

	ZTE
	In principle yes
	Agree with LGE. 

	InterDigital Communications
	In principle yes
	Agree with Panasonic and LGE. We also have the same comment as for question 2 above.

	Hitachi
	Yes
	

	Alcatel-Lucent
	
	In our understanding, for the initial Small cell radio configuration, the SeNB generates the RRC message and sends to the MeNB for forwarding to the UE  (as in HO command). The message sent by the SeNB may be transparent to the MeNB and the MeNB however encapsulates the message as RRC message to be send to the UE, hence the final RRC message is generated by the MeNB. 

The initial SeNB configuration may or may not have any bearer been configured for the SeNB. It should be noted that there is no “Activation time issue” for the initial configuration as the initial UE access provides the synchronisation.


	ETRI
	In principle yes
	A RRC message for initial radio configuration of the SeNB could be transferred to UE over radio resource managed by MeNB.

	Huawei, HiSilicon
	1) Yes; 2) yes, more complicated with additional steps
	First, we think a clarification is needed for the meaning of “generates the final RRC messages”. It should indicate that the RRC message can be sent directly on SRB, without going through another RRC entity. Hence, HO command like operations in SeNB and MeNB belong to C1.

Until UE is instructed of the addition of an SeNB, UE can’t receive messages directly from the assisting RRC entity. The configuration of bearer on SeNB, however, can be performed after the addition of SeNB by C1. In this sense, C2 can be used for initial configuration of SeNB, after SeNB is added by C1, in separate steps.

	Samsung
	Yes
	It would be related to the initial procedure for the addition of SeNB SCell.

	CMCC
	Yes
	Agree

	DOCOMO
	Yes
	Agree with companies above who indicate that C2 options can also performs initial configuration by adopting similar way as inter eNB HO today (conveying the RRC message from SeNB to MeNB in transparent way, before sent by MeNB to UE).

	Fujitsu
	In principle yes
	

	Broadcom
	Yes
	Agree with others that initial SeNB configuration should be provided by the MeNB in a similar manner as in HO.

	Pantech
	In principle yes
	Basically, We can agree with LG as initial approach. however, we need further discussion to make clear of functionality on “Anchor RRC” and “Assisting RRC”.

	Intel
	In principle yes
	It would be possible to send SCell addition message via MeNB similar to HO command message. However, as ALU pointed out, MeNB generates overall RRC message and it is transmitted in SRB configured for MeNB. In that sense, some modification is required in C2 for initial setup and we need to compare it with using C1 for initial setup. 

	CATT
	In principle yes
	C2 can be used for the initial SeNB configuration by utilizing the radio resources of the MeNB, and it is feasible that the initial SeNB configuration is transmitted to the UE via MeNB transparently.

	NNSN
	Yes
	This is related to L2 transport of RRC message.

	NEC
	In principle yes
	However no gain regarding latency comparing with C1, since the message can only be sent via MeNB to UE.

	Kyocera
	Yes
	The initial configuration may be sent from the SeNB to the MeNB to be forwarded to the UE.

	ITRI
	In principle yes
	We think SeNB can generate the initial RRC configuration and forward it to MeNB.  Whether the initial RRC configuration is transparent to MeNB depends on how to split functionalities between MeNB and SeNB.

	BlacBerry
	Yes
	The SeNB initial configuration can be negotiated between MeNB and SeNB and transmit via MeNB


Rapporteur’s summary of Question 3b

Yes, in principle yes: 25

Empty: 1

Conclusions: 
· Large majority considers that the initial SeNB configuration can be done with C2. There the SeNB decides the final RRC configuration which is sent to the MeNB and forwarded to the UE. 
· Some companies state that the MeNB should build the final RRC message for the initial configuration. However, this can be considered as a modelling issue and left for later discussion.
2.1.3 Performance of procedures with C-plane architectures
In this subsection, we discuss performance difference between C1 and C2. The evaluation is based on the initial input provided by the companies in email discussion [81bis#18]. 
2.1.3.1 Configuration delay

One performance metric as mentioned [1] is the delay for performing radio resource configurations.  For example, it could be discussed how quickly the UE can be configured with a new transmission mode when the radio channel characteristics have been changed. In email discussion [1], it has been mentioned that this delay could be longer for C1 as compared to C2.
Question 4: Is there a difference between configuration delay between C1 and C2? Is the difference significant?
	Companies
	Yes/No
	Comments

	Ericsson, STE-Ericsson
	1) Yes, 2) No
	Reconfiguration time can potentially be a bit shorter with C2. However, because in practise also C2 includes communication between the SeNB and the MeNB, the difference is not significant. In addition, for the initial SeNB configuration, there should not be difference. 

	Panasonic
	Depends (on e.g. Security location, how much SeNB resource reservation is possible etc.)
	As in our reply to Q2, in general, the node realizing the need for reconfiguration should initiate the reconfiguration (and the final RRC message can be either packed be it or by the MeNB depending on the location of security).

So, it depends on how much “coordination” as mentioned in C1/ C2 is necessary and if security is also available in SeNB; e.g.

- if security is only at MeNB and SeNB can reserve some resources towards MeNB then (as in our reply to Q2) the MeNB may send the configuration directly to the UE in C1.

- On the other hand (security also in SeNB), in C2, if the SeNB can decide on the parameter changes by itself then there is no further need for “coordination” and it can send the message to the UE directly. 
From L1 performance improvement perspective like ICIC, TDD different UL/DL configuration among small cells, we envisage coordination is quite essential.


	LGE
	1) Yes, 2)No
	We think that configuration delay will not be significant because some negotiation between the MeNB and the SeNB is needed for both C1 and C2.

	Qualcomm
	1) Yes 2) Probably not
	The delays should be comparable.

	ZTE
	1)yes, 2)probably not
	It depends on detail use case. For example for initial configuration procedure, there is no difference in terms of delay. But for normal RRC connection reconfiguration procedure solution C2 could save twice delay over Xn. Whether the delay is critical or not also depends on detail use case. For normal reconfiguration procedure extra delay seems not so critical.

	InterDigital Communications
	1) Yes

2) Depends on user plane modelling, security, etc.
	See our comment for Question 2)

Furthermore, it is not clear in our understanding that all reconfiguration events (other than the initial configuration) would necessarily require inter-eNB 
ignalling. If that is the case, then the difference in delay may be significant. For example, change to the transmission mode,and (re)allocation of PUCCH resources may be entirely local to SeNB. Bearer modification may or may not require inter-eNB coordination. It thus depends on the modelling of the inter-eNB coordination. This coordination needs to be discussed first.

Wrt to delay and timing requirements, our view is that for the initial configuration, the delay should be no longer than that of the current HO procedure, while for subsequent configuration it should be similar to that of a reconfiguration for intra-eNB carrier aggregation.
If the UP is modelled such that security is also located in SeNB, then alternative C2 with signalling directly to the UE eliminates any concern regarding the impact of reconfiguration delay.

	Hitachi
	1) Yes

2) Depends on the modelling
	In C1, there will be delay when SeNB signals the radio resource configuration to MeNB via non-ideal backhaul.

	Alcatel-Lucent
	1)Yes 2) yes
	There is certainly long delay with C1 for SeNB radio parameter reconfiguration. The significance of the delay should be evaluated based on how the parameters are applied at the UE and the network. In terms of use of parameter synchronisation between the UE and the SeNB, the delay from C1 is significant and some method for parameter synchronisation is required. 

	ETRI
	1)Yes 2) Probably not
	We think option C2 may commonly have shorter configuration delay than C1, even though it depends on the message exchange procedure. However, if there may be information exchange between MeNB and SeNB for configuration in C2, configuration delay between C1 and C2 would be roughly comparable.

	Huawei, HiSilicon
	1) Yes 2) Yes in some cases
	For the reconfiguration of local parameters of SeNB, which are not related to session maintenance and QoS control of dual connectivity, C2 can have smaller configuration delay. The significance of this delay reduction depends on the necessity and frequency of reconfiguring SeNB local parameters during a UE’s dual connectivity session.

	Samsung
	1) almost same 2) No
	The potential delay would be generated in fetching the configuration information from the master. Even though SeNB generates its RRC message, it needs to enquire the latest MeNB configuration. 

	CMCC
	1) Yes; 2) Needs further discussion
	C2 may have shorter latency than that of C1. However, whether it is significant requires further discussion, e.g. parameter synchronization.

	DOCOMO
	1)Yes, 2) Probably not (depending on which procedures)
	The main difference between C1 and C2 would be the 
signalling delay over Xn I/F. C1 basically necessitates more 
signalling, but this applies only in procedures closed to SeNB, whereas for initial configuration and MeNB involved procedures (see comments for Q2), the difference in number of Xn 
ignalling is not as significant. 
However it is also true that some procedures (e.g., UL, DL data resuming) that are more user-experience sensitive, may benefit from C2 due to less delay.

	Fujitsu
	1) Yes, 2) No
	For C1, the MeNB has to handle the RRC message for the configuration regardless whether the configuration is triggered by the MeNB or the SeNB, and send it to the DC-UE. For C2, the SeNB could directly handle the RRC message for the configuration if the configuration is triggered by the SeNB, and send it to the DC-UE. This is the difference between C1 and C2. However, the delay is not significant since anyway the DC is not broken.

	Broadcom
	1) Yes 2) Partially Yes
	For initial RRC configuration, both C1 and C2 will likely involve similar operation (and hence similar delay). In general though, RRC reconfiguration delay depends on the design of eNB coordination function. If coordination precedes configuration, then the delay between C1 and C2 may not be considerable. If configuration happens first and then the eNBs informs each other, then we anticipate that C2 will be faster than C1. 

	Pantech
	Depends on RRC signalling path selection
	Both C1 and C2, it can be different where generate and transmit the RRC reconfiguration (See LG’s comments on Question 3b). It means that delay for configuration can not be significantly different in some cases.

To evaluate the delay effect on the RRC signalling including negotiation, It should be clear the possibility to select RRC signalling path in both C1 and C2.

	Intel
	1) Yes 2) Probably not
	We think that radio resource related parameter should be configured semi-statically. Therefore, some delay in reconfiguration would not cause large difference compared to the overall time that the configured resource is used.  

	CATT
	1) Yes, 2) No
	In case of reconfiguration, SeNB may configure a UE without interaction with MeNB. But for all that the difference is minor. For example, if the initial configuration is sent by the MeNB, the delay is the same for both C1 and C2.

	NNSN
	1) Yes 2) Probably yes
	Firstly, there seems not to be any delay difference between C1 and C2 in case of initial SeNB configuration case as all radio resource configurations are signalled on MeNB’s radio. The difference lies in the case of SeNB reconfiguration. With C1, in order for both SeNB and UE to synchronize the configurations, it has to involve two times of backhaul delay, e.g. from configuration to acknowledgement. However with C2, these two times of backhaul delay can be saved at least in some cases provided that some coordination between MeNB and SeNB can be done ahead of SeNB reconfiguration.

	NEC
	1)Yes
	The latency difference is roughly equal to the latency on the backhaul with the condition that the signalling is transmitted directly from SeNB to UE in C2. Otherwise, the latency difference is almost zero.

	Kyocera
	1) Yes, 2) No
	Reconfiguration time can potentially be a shorter with C2; however, the SeNB may still have to inform the MeNB of what is signalled to the UE so the differences are not significant.

	ITRI
	1) Yes 2) maybe No.
	We think that the configuration delay may be related to how to spit the functionalities between MeNB and SeNB.  For C1, some coordination is needed and for C2, the configuration negotiation is also needed.  So the configuration delay for C1 and C2 may be a little different but not significant.

	BlackBerry
	1) Yes 2) No
	C2 seems more direct therefore it has less delay, but taking into account the coordination between eNBs, the difference should be insignificant


Rapporteur’s summary of Question 4
Is there a difference between configuration delay between C1 and C2? 

Yes: 19

No;

Is the difference significant?

Yes: 6

No: 14

Conclusions: 
· Almost all companies consider that there is a difference in the configuration delay between C1 and C2. However, clear majority of the companies consider that the difference is not significant.

· Some companies also notice that the delay difference depends largely on which procedure we are talking about and how much coordination is needed for that procedure to decide the actual RRC configuration.

2.1.3.2 Synchronization of configuration change

Some companies indicated in email discussion [81bis#18] and in RAN2#82 meeting that there might be difference in C-plane architectures how well SeNB/MeNB knows that the UE has applied a certain RRC configuration. In current standards, one way to synchronize the RRC parameter change between the eNB and the UE is to include mobilityControlInfo IE in the RRCConnectionReconfiguration which triggers the UE to perform intra-cell HO and Random Access. 
Question 5: Are there issues in the synchronization of the RRC configuration change between the UE and the network in Alternatives C1 and C2? Are the issues severe?
	Companies
	Yes/No
	Comments

	Ericsson, ST-Ericsson
	1) Yes, 2) No
	In C2, RRC configuration change timing can be more easily controlled by the SeNB. However, also synchronization is possible in C1 with various means like activation time, synchronization towards the SeNB and so on. 

	Panasonic
	No
	As mentioned by Ericsson, there are means available for synchronization already. However, for the data coming from the SeNB, the network should be able to wait for a while (receive internal confirmation via the Xx indicating UE reception of the RRC reconfiguration message) since this may not be very delay sensitive data. 
However, if “activation time” and delay must be avoided then one of the other methods as suggested by Ericsson can be utilized.

	LGE
	No
	The legacy procedure, e.g. random access, can be used.

	Qualcomm
	1) Yes 2) No
	

	ZTE
	1 yes 2) no 
	the difference between C1 and C2 is more uncertainty due to signalling over Xn interface. RAN2 has already confirmed that packet loss is rare event. For one specific backhaul the delay is stable and predictable over Xn interface. So this part of uncertainty is not so severe.

	InterDigital Communications
	1) Yes

2) No and Yes
	For initial configuration, there should be no concern as the random access procedure towards the SeNB is likely necessary for any of the alternatives.
For subsequent reconfigurations, if the UP is modelled such that security is also located in SeNB, then alternative C2 with signalling directly to the UE eliminates introducing new mechanism to address timing uncertainty. 

	Hitachi
	1) Yes

2) Yes
	In C1, there would be configuration delay as we mentioned in 2.1.3.1. Additionally in C1, it is unclear when SeNB can start the transmission/reception with the new configuration if there is no mechanism for synchronization of configuration change, since SeNB is not aware when MeNB generates/sends the actual RRC message. So there should be some means of synchronization.

	Alcatel-Lucent
	1)yes 2)yes
	We think the “activation time” based approaches should be avoided. As always there are many potential methods to solve a problem. Legacy intra-cell HO as it is cannot be used without modification. The solutions for parameter synchronisation, if C1 is agreed, need to be further discussed.

	ETRI
	1)Yes 2)No
	In C1, there may be a gap of RRC configuration change between SeNB and UE due to information exchange over Xn. However this type of synchronization problem can be resolved by various method, such as message exchange, activation timer, and so on.

	Huawei, HiSilicon
	1) Yes 2) Yes
	In our understanding, “generates the final RRC messages” means that the RRC message can be sent directly on SRB, without going through another RRC entity. That is, the RRC entity that generates the final message, controls if and when a message is sent on SRB. Hence, HO command like operations in SeNB and MeNB belong to C1.

For the reconfiguration of SeNB parameters, C2 can have shorter ambiguity in synchronization between UE and SeNB. The significance of this reduced ambiguity in reconfigured parameters depends on the necessity and frequency of reconfiguring SeNB parameters during a UE’s dual connectivity session.

	Samsung
	1) Yes 2) Maybe not
	It could be a problem, but not serious. During the configuration change, SeNB has to fallback on “safe scheduling”. For example, SeNB could postpone its scheduling for a while. 

	CMCC
	1) Yes; 2) Needs further discussion
	There may be sync issue of RRC configuration between SeNB and UE, e.g. how to guarantee the activation time; besides whether the tight sync between MeNB and SeNB is required should be further discussed.

	DOCOMO
	1)yes, 2)maybe not
	Agree with the above comments that C2 has more advantage in controlling RRC reconfiguration timing, hence less problem in synchronization of configuration.

Synchronization of configuration in C1 needs to be discussed further. Preferably with simpler way other than “activation time”. 

	Fujitsu
	1) Yes, 2) No
	The legacy procedure could solve this issue.

	Broadcom
	1)Yes 2)No
	Agree with Ericsson and Panasonic’s views.

	Pantech
	1) Yes, 2) Yes
	If we cannot guarantee synchronization of configuration between UE and SeNB, we may need intra-cell HO procedure after most of RRC reconfigurations for SeNB in worst case. It is not desirable approach. Therefore, anyway, we need further discussion whether current standards are enough.

	Intel
	1)Yes 2) Maybe not
	Synchronization of RRC reconfiguration message needs to be considered in C1 because SeNB does not know when the UE successfully receives. We agree that random access is probably reasonable approach considering SeNB would require different timing advance. However, it is questionable whether random access should be used for all RRC reconfiguration from SeNB. 

	CATT
	1) Yes, 2) No
	For the parameters that have strict requirements on synchronization of configuration change, the SeNB implementation can avoid the scheduling on the SeNB during the unsynchronized period. And there are many solutions (like intra-cell handover) available to solve this issue. However, in most cases the synchronization requirement is not so strict.

	NNSN
	1)Yes 2) Probably not
	In case of reconfiguration of PHY parameters synchronization could be achieved with RACH towards the SeNB, which follows the similar mechanism as in the current standard. 

	NEC
	1)Yes
	Comparing with C2, potentially:

If legacy reconfiguration procedure is used for the radio resource reconfiguration of SeNB, the synchronization ambiguity period may be prolonged in C1, and then we need to discuss whether and what solution is needed.

If reconfiguration with mobilityControlInfo is used, then it means that the radio resource reconfiguration of SeNB can only be done with HO

	Kyocera
	1) Yes 2) No
	With C2 the SeNB could potentially send the reconfiguration message directly to the UE; whereas with C1 the reconfiguration message from SeNB would need to be routed through the MeNB, so there may be delay associated with C1. 

However, we do not think the issue is “severe” since various synchronization methods, including activation timer may be used. 

	ITRI
	1) Yes 2)FFS
	We think the synchronization of RRC re-configuration between SeNB and UE is an issue for C1.  However, if the latency of Xn is fixed, this issue may be similar to the current RRC reconfiguration, i.e., when to apply the new configuration.   Therefore, how to solve this issue should be FFS.

	BlackBerry
	1)Yes  2)No
	After reconfiguration, the synchronization in option C2 will have no delay but in option C1 will be delayed by transmission over Xn interface. But considering the minimum modification period, the delay due to the non-ideal backhaul is insignificant 


Rapporteur’s summary of Question 5: 
a) Are there issues in the synchronization of the RRC configuration change between the UE and the network in Alternatives C1 and C2? 

Yes: 23
No: 2
b) Are the issues severe?

Yes: 5
No; 17
Conclusions:

· Most companies consider that RRC reconfiguration synchronization is an issue that needs to be considered especially for Alternative C1. 
· However, most of companies consider that the issues are not severe and can be solved by existing means like random access towards SCell etc.
2.1.3.3 Signaling and processing overhead

In email discussion [81bis#18], signalling overhead has been indicated as an issue for different alternatives Different aspects have been mentioned: 

1. More interactions over Xn are needed in C1 as compared to C2 because the RRC configuration needs to be signalled from the SeNB to the MeNB.
2. More RRC messages towards the UE are needed in C2 as compared to C1, because in C1, RRC messages related to both MeNB and SeNB radio configurations can be combined. 
3. Processing overhead in the MeNB slightly bigger with C1 as compared to C2 as the MeNB needs to process RRC configurations related to the SeNB.
Here the companies are invited to further evaluate these signaling and processing overhead aspects. Also comments on the correctness of the list above are welcome. 
Question 6: Are there differences with signalling and processing overhead with C1 and C2? Explain what.
	Companies
	Yes/No
	Comments

	Ericsson. ST-Ericsson
	Not significant
	1) There could be less interactions in C2 but in practise the difference is minor.

2) Can be true, but it is expected that reconfiguration does not occur at the same time
3) True, but processing overhead is quite small.

	Panasonic
	Not Significant
	Agree with Ericsson view also since compared to the interaction that might be required on Xx interface for ICIC coordination, the difference in signalling/ processing may be minor.

	LGE
	Yes
	From UE perspective, C2 has large processing overhead because the UE has to process two RRC procedures in parallel.

	Qualcomm
	Not Significant
	The Xn impact should be comparable as there is likely a need to coordinate or inform the MeNB/SeNB of the changes in both scenarios

The expected processing and difference in the number of RRC messages should be quite small

	ZTE
	Not significant
	For solution C1 when RRC message is signalled via MeNB, MeNB is not just a router because it needs know the outcome of the procedure between UE and SeNB and it knows. As for C2 SeNB likely need to notify the outcome of the procedure between UE and SeNB. So there is some difference but the it is not significant considering this is signalling over Xn interface.

	InterDigital Communications
	Depends
	From the network perspective, C2 may enable less inter-eNB coordination over Xn as some reconfiguration procedures may be made autonomously by the SeNB, and this may thus imply less signalling and processing overhead.
From the UE perspective, with C2 it was mentioned that the possible occurrence of parallel RRC procedures may be an issue. However, possibly parallel reconfigurations may be acceptable if for example the reconfiguration for the SeNB can be made entirely independent from other procedures for MeNB. Otherwise, there may be a need to preclude the occurrence of parallel reconfiguration procedures for C2.

Still from the UE perspective, with C1 the UE would need a different behaviour (e.g. to implement an activation time and/or to perform RACH) as a function of whether or not the reconfiguration is for a SCell of the MeNB or of the SeNB.
The difference between C1 and C2 may however not be significant from the UE’s perspective.

	Hitachi
	Yes
	We are not confident that combining of RRC messages in C1 is always possible, since MeNB cannot predict when indication of radio resource configuration change from SeNB arrives. Thus we think there is no much difference in signalling overhead in Uu between C1 and C2.

However, there will be difference in Xn signalling, since in C1, SeNB needs to indicate radio resource configuration change via Xn every time.

	Alcatel-Lucent
	yes
	1. There is more interaction between the eNBs in C1, however whether it is significant depends on the frequency of offloaded bearer modification

2. The message combining is only possible in theory, if there is multiple RRC messages occurs at the same time. Unlikely not happen in practice since the two reconfigurations are mostly likely to be independent.

3. True, the processing overhead a function of number of small cells covered by a macro eNB. May be significant in a dense small cell scenario.
4. The SRB traffic on the MeNB will be high in a dense small cell scenario.

	ETRI
	Not significant
	We agreed with Ericsson’s view. With regard to 2) if reconfiguration of MeNB or SeNB does not occur at exactly same time, it is not true of the second issue.

	Huawei, HiSilicon
	Not significant
	There should not be much difference between C1 and C2 for SeNB addition and switching. C2 may involve MeNB less and incur less exchanges over Xn for reconfiguration of local parameters of SeNB, if they are not related to the session maintenance and QoS control of dual connectivity. Compared to the SeNB addition and switching, there may be less need and urgency of this kind of local reconfiguration at SeNB.

	Samsung
	Not significant
	Even for C2, SeNB should provide its configuration to MeNB as well as UE because MeNB needs to know latest SeNB configuration. Therefore, signalling overhead in C1 and C2 would be almost same. In 2), we could use the combination. But the benefit would be trivial. For 3), we can agree more processing in MeNB, but it is certainly not big problem.

	CMCC
	Not significant
	Agree with Ericsson’s view that from signalling overhead point of view, the differences between those two alternatives are not significant.

	DOCOMO
	Yes, but not significant
	Basically true for 1 and 3.

For 2, we are also not sure whether combining can always be performed. In that sense, from UE perspective the number of received RRC messages would be the same in C1 or C2.

	Fujitsu
	Not significant
	We also agree with Qualcomm that the expected processing and difference in the number of RRC messages should be quite small.

	Broadcom
	Not significant
	Agree with others that if the eNBs participate in coordination/negotiation for setting radio configuration then there will be even less difference in signalling and processing overhead between C1 and C2.

	Pantech
	Depends (Not significant for observation 1,2 and 3)
	Regarding above observations 1,2 and 3, we can agree with Ericsson. However, in C1 case, unbalanced overhead of radio resources in MeNB to handle RRC signalling for SeNB or overhead in Xn interface can be occurred. But it is depends on RRC signalling path selection (i.e. depends on what the target procedure is to apply the RRC diversity).

	Intel
	Not significant
	Given that SCell reconfiguration would not occur frequently, there is no significant difference in signalling load and processing overhead. 

	CATT
	Not significant
	For the SeNB reconfiguration requiring the assistance/negotiation from MeNB, signalling overheads over Xn for both options are quite similar. And in most case the configuration for MeNB or SeNB will not occur at the same time. Then the RRC message overhead for both options is also similar.

	NNSN
	Not significant
	1) Coordination between MeNB and SeNB is needed for both C1 and C2, the difference might be minor.

2) Not necessarily true. It would be rare case that MeNB and SeNB happen to reconfigure the UE at the same time.

3) True. However we don’t think that processing overhead in MeNB is a major issue considering CA scenario #4 (i.e. small cells implemented as radio remote heads) as a reference scenario.

	NEC
	Not significant
	

	Kyocera
	Depends
	The Xn load is likely higher with C1 since reconfiguration message from the SeNB must be routed through the MeNB.  If the SeNB would also need to inform the MeNB of the reconfiguration message then the differences may not be significant. Therefore, it depends on the level of inter-eNB coordination needed and how such coordination is achieved. 

	ITRI
	Not significant
	The signalling load and processing overhead are related to how frequent RRC re-configuration.  If the RRC re-configuration is not frequent, the difference in signalling load and processing overhead between C1 and C2 is not significant.

	BlackBerry
	Not significant
	From UE point of view, option C1 potentially requires less processing overhead since the UE only maintain one RRC context. But other overhead such as separating MeNB configuration from SeNB configuration, etc. may make the processing overhead different between C1 and C2 insignificant


Rapporteurs summary of Question 6: Are there differences with signalling and processing overhead with C1 and C2? Explain what.

Yes; 1 (C2 has more processing overhead for UE), 1 (more Xn interaction and MenB processing with C1)
No, not significant: 17

Conclusions: 

· Clear majority of companies indicate that the difference in signaling and processing overhead between C1 and C2 is not significant.

· Few companies state that C2 can have fewer interactions on Xn and less RRC processing load on the MeNB. However, one company states that the processing load of C2 of the UE is higher. 
2.1.4 Complexity of C-plane architectures

In this subsection, the complexities of C-plane solutions are discussed. Both standardization impact as well as implementation complexity in the UE and the network side can be considered. 
In email discussion [81bis#18], the following issues have been mentioned to increase the complexity of C2:
1. A solution is needed for security as PDCP locates in the SeNB

2. A solution is needed to route the RRC message particularly in UL
3. Currently, only one RRC procedure can be running at the time. This principle needs to be changed.
Here the companies are invited to further evaluate these signaling complexity aspects. Also comments on the correctness of the list above are welcome. 
Question 7: Is there a difference in the complexity of C1 and C2 from UE point of view? Explain why.

	Companies
	Yes/No
	Comments

	Ericsson. ST-Ericsson
	Yes
	1) Solution for security is needed in C2 but this is solvable. The UE needs to maintain two set of keys.

2) Yes, some new logic (logical channel prioritization or something) is needed so that the UE sends RRC messages towards the correct eNB

3) Having many RRC procedures ongoing might be challenging from the UE implementation point of view.

It should be also noted that C2 may need more standardization efforts as it needs to be decided which parameters are controlled from each eNB.

	Panasonic
	Yes
	1) Security @ SeNb would mean more complexity not only in an extra set of key derivation but also due to mobility (of even SeNB). It is only a problem for C2 if the “final” RRC message is packed by itself.

2) Agree with Ericsson comment that new logic is needed so that the UE sends RRC messages towards the correct eNB.

3) Agree with the corresponding Ericsson comment.

We also agree that C2 would need more standardization efforts and in addition this might go against the light SeNB (e.g. where no standalone UE support is required).

	LGE
	Yes
	As explained in Question 6, UE processing overhead is much severe in C2. Also C2 requires dual security.


	Qualcomm
	Depends on L2 transport for C2
	1-3) These issues depend on choice L2 transport for C2, i.e., does C2 automatically imply dual RRC stacks?

The comments from Ericsson would – for instance – apply if MeNB and SeNB independently send RRC messages over their respective Uu which can increase UE complexity significantly.

In terms of standardization impact, both C1 and C2 need deciding which parameters are controlled by each eNB.

	ZTE
	Yes
	

	InterDigital Communications
	Depends on L2 transport for C2
	For 1), if for the UP it is decided that PDCP is located in the SeNB for DRBs (e.g. to support S1-u split), then the incremental complexity for direct SeNB to UE communication is no higher with C2 from the security perspective.
For 2), we agree something is needed for the UL.

For 3), we agree but this may be addressed without changing the current principles. For example, if the reconfiguration procedure with the SeNB can be made entirely independent from any RRC procedure with the MeNB, or alternatively by precluding parallel procedures from occurring.
We note that for direct SeNB to UE communication, there is no need for dual RRC stacks if multiplexing is addressed (e.g. by adding a SRB identity associated only to the SeNB in the LCH) and if parallel reconfiguration procedures may be either supported or precluded (e.g. by prioritization of procedures and/or delaying a procedure towards a SeNB in case of conflicts).

	Hitachi
	Depends on L2 transport for C2
	Compared to C1, there would be more impact to UE in C2, since UE is required to receive RRC message from both anchor RRC and assisting RRC. There will be also impact on specification accordingly. The impact depends on L2 transport.

	Alcatel-Lucent
	
	1. Solution C2 will require different security configurations but this is solvable.  Further, if option 1A or 2A is used for UP architecture, the PDCP for user plane resides at SeNB, so may not be seen as extra complexity

2. Even, C1 requires some level of differentiation of messages intended for SeNB thus the MeNB can forward the relevant message to the SeNB. This may be implicit indication in C1 while in C2 the UE needs to do the message separation.

3. Not necessarily. It would still be possible to have the UE process one RRC message at a time.  

4. From the UE point of view need of parameter synchronisation procedure with C1 should also be evaluated. This is seen as additional procedure in C1 for the UE to perform while C2 doesn’t require such a procedure.  If the solution involves Activation time, it  is a messy solution and can involve significant complexity.



	ETRI
	Yes
	1) A solution for key management scheme at UE is needed due to multiple keys derivation. And UE may also configure different PDCP parameters with regard to security algorithm.(integrity protection, ciphering) 

2) We agreed with Panasonic’s comments. 

3) In C2, if MeNB and SeNB perform RRC procedure independently, the UE is required to distinguish RRC procedure whether it is from MeNB or SeNB. Therefore it is need to define a mechanism for distinction of that. 

	Huawei, HiSilicon
	Yes
	C2 would incur higher complexity at UE, as coordination is needed in handling multiple RRC entities and procedures.

	Samsung
	Yes
	With C2, more UE impact is expected. It would result in big change in UE side to handle two separate RRC procedure. For example,

a) New SRB to distinguish between two RRC messages

b) Handling separate security keys due to two PDCPs

	CMCC
	Yes
	Compared to C1, it seems the standardization work is more for C2, e.g. how to handle multiple security keys issue.

	DOCOMO
	Yes (to a small extent)
	1) The complexity occurs from location of PDCP depends also on U-plane architecture.
2) Independent from the L2 transport and the modeling of the RRC stack, DCM agree with the comments that some new indication is needed to ensure that an RRC message from UE is meant for SeNB RRC or MeNB RRC.
3) May depends on the modeling of RRC protocol in the UE. 

	Fujitsu
	Yes
	As explained in Question 6, the processing overhead of the DC-UE is not negligible for C2 although the expected processing of RRC messages is quite small.

	Broadcom
	Yes
	Handling two different UP security contexts and RRC state machines is likely to have a major impact on UE complexity.

	Pantech
	Yes
	1) Different set of keys would increase complexity.

2) Agree with Panasonic.

3) depends on whether dual RRC stacks can be introduced for C2.

	Intel
	Yes
	1) and 2) are related to user plane architecture. If PDCP is located in SeNB independently, there is no additional complexity to support C2. Otherwise, complexity will be significant. 

3) the UE needs to handle at least two RRC procedure at the same time or to prioritize/suspend RRC procedures. It requires new UE operation and complexity in UE implementation is expected.

In addition, in both UE and network, for C2, it is necessary to split which parameters/message can be configured by MeNB or SeNB. 

	CATT
	Yes
	For C2, the UE has to maintain multiple RRC entities and multiple security keys. And the RRC message ambiguity issue at the UE side need to be resolved. In addition, the number of SeNBs could be more than one which further increases the complexity of the UE.

	NNSN
	Depends on L2 transport for C2
	1) Solution for security is needed for C2, but it also depends on UP options. UE needs to maintain two sets of keys, which is doable.

2) Some message differentiation is needed in UL for C2, which can be done by e.g. having a separate SRB for SeNB

3) Agree that some network coordination is needed to preclude parallel RRC procedure.

	NEC
	Yes 
	Depends on if the two RRC entities in the NW side of C2 is transparent or not to UE. If it is not, then there is more complexity of C2, since UE may need to handle one or more followings:

· multiple set of SRB1/2, 

· routing of the message

· parallel RRC procedure
· multiple security key

	Kyocera 
	Yes
	In particular, the impact to the UE is significant if two RRC procedures need to be supported.

	ITRI
	Yes
	From UE point of view, UE has more processing overhead in C2 than in C1.  Besides, for minimum UE capability, C2 needs UE with multiple Tx or single Tx with TDM.  More standard effort is needed for C2.

	BlackBerry
	Yes
	From UE point of view, option C2 requires UE to maintain two RRC context compares to option C1, but C2 may be less delay since the UE receives common RRC configuration directly from MeNB and SeNB while, while dedicated RRC configuration is received via MeNB only, allowing the UE to maintain a single security entity with MeNB


Rapporteurs summary of Question 7: Is there a difference in the complexity of C1 and C2 from UE point of view? Explain why.

Yes: 20
Depends on L2 architecture: 5
Empty: 1

Conclusions: 
· Clear majority of the companies consider that C2 is more complex mechanism. There are multiple reasons for complexity: separate security needed in SeNB, routing of UL messages need to be solved and parallel RRC procedures need to be supported (or those need to be avoided). 
· Some companies mention also that the additional complexity of C2 depends also on L2 architecture selected for user plane.
Question 8: Is there a difference in the complexity of C1 and C2 from the network point of view? Explain why.

	Companies
	Yes/No
	Comments

	Ericsson, ST-Ericsson
	No
	1) Solution for security in C2 is needed but this is solvable. The MeNB and SeNB may needs to maintain two set of keys.

   Both solutions need some interactions over Xn so from network point of view, there is not so much difference.

	Panasonic
	Yes
	To us it seems that the network complexity comes from the “coordination” required (how often and how much) between MeNB and SeNB (for resources allocation for the UE and for ICIC resource coordination for interference avoidance); Rel.12 ICIC may need more resource coordination (than previous releases) in the backhaul since SeNB deployment will be dense like 10 to 40 in MeNB area. Compared with initial set-up and/or reconfiguration of RRC parameters, ICIC coordination could be more frequent as it involves the coordination of MAC scheduler. This will be irrespective of C1/ C2 since some of this coordination anyway needs to happen. 
Therefore, to us the main difference in the complexity of C1 and C2 from the network point of view comes mainly from the location of Security/ PDCP.

	Qualcomm
	Probably not
	Both C1 and C2 require coordination on the network side between the MeNB and SeNB. 

	ZTE
	Related to UP solution
	For UP solution A, it seems no big difference because anyway UP protocol also need extra security functionality. For C2, additionally integrity protection is also required for RRC message.
For UP solution B/C/D, then solution C2 will need extra security functionality which is not needed for user plane.

	InterDigital Communications
	Depends
	There seems to be a tighter need for inter-eNB coordination with alternative C1 than would be required for C2. This needs to be further discussed before concluding. The level of complexity also depends on the UP modelling.


	Hitachi
	Depends on the modelling
	In C1, MeNB is required to handle radio resource configuration for both MeNB and SeNB. 

In C2, anchor RRC and assisting RRC work more independently. The difference between C1 and C2 depends on what coordination is needed and this should be further studied.

	Alcatel-Lucent
	
	 The main difference comes regarding the message exchange between the two eNBs. If X2-AP messages to be used for parameter exchange between the two eNBs in C1, the MeNB requires the conversion of these messages to RRC messages prior to the communication to the UE. 

Reconfiguration messages sent by Scell are not visible to MeNB and this reduces MeNB processing, especially for dense small cell deployments.

On the other hand if RRC entity is assumed at the SeNB, the lower protocol layers can be controlled by the RRC at the SeNB. Also, the message between two eNBs can use RRC messages similar to what if used in legacy HO preparation. The RRC entity at the SeNB may not be visible to the UE if C1 is used. Otherwise the RRC entity at the SeNB is visible to the UE in C2.

C2 is simpler on the network as there is minimal interaction between the MeNB and SeNB.  

	ETRI
	Probably not
	1) In C2, a solution for security configuration and key management at SeNB is required.

The C1 and C2 need coordination between the MeNB and SeNB in terms of network point of view.

	Huawei, HiSilicon
	No
	C1 and C2 mostly differ in where certain RRC messages are generated. There doesn’t seem to be much difference in the overall complexity of network, when both MeNB and SeNB are considered.

	Samsung
	Yes
	As like UE complexity, separate security key is obvious complexity. We assume having two RRC entities for a single UE would naturally mean the additional complexity in terms of e.g. number of required RRC entities

	CMCC
	Probably not
	Anyway, there should be coordination between MeNB and SeNB.

	DOCOMO
	Probably not so much
	· From inter-node coordination point, as commented in Question 2, both options require coordination and signaling depends on the types of configuration procedures.
· From security/key management point, solutions exist for both options when needed. In addition to that this depends also to U-plane architecture.

	Fujitsu
	FFS
	(1) Some coordination between the MeNB and the SeNB is required but seems there is no big difference in the complexity.

(2) Maintaining two set of security keys in C2 is the main point of the complexity.

	Broadcom
	No
	We expect similar level of coordination between eNBs for both C1 and C2.

	Intel
	Probably not
	Regarding security or data handling, similar to our comment in Q7, the complexity would be significantly increased unless independent PDCP layer is located in SeNB.

In terms of Xn interface, we also think that complexity is not so significant given that coordination is required in both C1 and C2 and reconfiguration would not occur frequently. 

	CATT
	Yes
	Considering the independent PDCP in SeNB, the network may need to manage two security keys for the same UE.

	NNSN
	Probably not
	Both C1 and C2 need network coordination between MeNB and SeNB. The difference may not be big. C2 requires network maintain two sets of keys, which however is doable and related to UP options. 

	NEC
	No
	And the complexity of X2 would be very similar, the exchanged content on X2 are all related to RRM coordination but in different format.

	Kyocera
	No
	Agree with Ericsson and Qualcomm.

	ITRI
	Probably not.
	C1 may have more signalling load on Xn than C2.  But C2 may have more processing overhead on SeNB than C1.  So the difference of complexity may be not significant.

	BlackBerry
	Maybe Not
	Both options C1 and C2 require coordination of RRC entities between MeNB and the offloading SeNB. Option C2 has less delay since SeNB can send the common RRC configuration directly while send the dedicated RRC configuration via MeNB. In this case C2 only needs to maintain a security entity in MeNB


Rapporteur’s summary of Question 8: Is there a difference in the complexity of C1 and C2 from the network point of view? Explain why.

No: 15

Yes: 3

Depends: 4

Conclusions: 
· Majority of the companies consider that there is no complexity difference of C1 and C2 from the network point of view. Most complexity comes from coordination between MeNB and SeNB which could be considered to be similar. The other difference in the complexity of C1 and C2 comes from the location of Security/ PDCP. How much C2 adds complexity depends also on L2 architecture selected for UP.
2.1.5 Other aspects 
Here companies are invited to bring issues that are not covered in this document so far.
Question 9: Bring other aspects that are highly relevant when evaluating C-plane solutions C1 and C2
	Companies
	Comments

	Ericsson, ST-Ericsson
	Later on, it would be good to discuss the following procedures:

1) handover signalling

2) RLF procedures

3) System Information

However, we assume that these procedures can be designed both in C1 and C2 and thus this email discussion can be limited to the dedicated radio resource configurations.  



	LGE
	We think that aspects discussed in this email are sufficient for evaluating C1 and C2.

	Qualcomm
	The extensibility of C2 to allow for more than one SeNB

The applicability of C2 to a UE with more limited capabilities, i.e., limited Tx and Rx capabilities

The mechanism whereby C2 allows (or does not allow) coordination of RRC SRBs over SeNB & MeNB Uu can have significant UE impacts

	InterDigital Communications
	It would be useful to settle the discussions on the user plane before concluding the discussion on the control plane. In particular, from the security perspective. Also, aspects of inter-eNB coordination should be better understood.

	Alcatel-Lucent
	What message format is used for parameter exchanged between the two eNBs for C1 

	IAESI
	1. The discussion on the user plane is necessary before a conclusion, as the practical RRM/DRA aspects will make a difference between the solutions and may create new configurations, as the inter-cell coordination within the MeNB/SeNB pair and generally between SCeNBs (small cell eNBs) will be always needed, given the fluctuant character of the traffic, even with distributed solutions. In addition, these aspects should clarify the benefit of spectral efficiency and user peak rates versus the related backhaul signalling. The performance should be the main target, and if the backhaul becomes a limitation is needed to find solutions for resolving the backhaul problem.

2. MeNB abbreviation is confusing; in RAN3 is used to indicate Macro eNB.

	Huawei, HiSilicon
	The applicability of CP solution to Scenario 3.

	Samsung
	As the due date of the SI is approaching, we should not try to take every detail/aspect into account. We believe Q1 ~ Q8 covers the issue sufficiently. The most important thing in this stage is to start with the simpler approach unless the other provides significant gain. We propose to settle down the discussion based on this principle.

	CMCC
	Agree with Huawei that the applicability of CP solution to Scenario 3 should be discussed

	DOCOMO
	· Some details may need to be further discussed, e.g. as indicated by Ericsson and QC. But we also think that we can try to take decision based on the aspects came up so far.

· As for applicability of CP solution to scenario 3, we do not think that a special discussion is needed for that. Potential solution for scenario 3 needs to be discussed first (at present the main challenge for scenario 3 is only signaling load due to frequent handover), and only after that consider whether any architecture change needed.

	CATT
	We should also consider how/which C-plane architecture is applicable for Scenario #3. Furthermore the RLM scheme of SeNB seems highly relevant to C-plane architecture options.

	NEC
	Looking into following details may help understand the difference of alternatives better:

Any other procedure could be sent by SeNB?
How many parameters could be probably reconfigured?
What is difference between initial configuration and reconfiguration?

	BlackBerry
	The level of coordination between the MeNB and SeNB and the selection of UP architecture may influence the final selection of the CP architecture


Rapporteur’s conclusion of Question 9:
· There was no any clear issue indicated by many companies that needs to be discussed before selecting control plane architecture C1 or C2. 
· Many companies suggested that the selection of the architecture can be done based on evaluations done in the email discussion.

· Some companies suggested that applicability of CP architecture for Scenario #3 should be studied. However, as commented by Docomo, this cannot be done before the solutions for that scenario are discussed. 
· Some companies suggested that CP architecture should be selected after UP architecture has been selected.

3 Summary
Based on discussion and summaries for each question, the following proposal is made:

Proposal 1 Include basic signaling procedures and performance evaluation of CP Alternatives C1 and C2 as concluded in this email discussion in the TR.

Proposal 2 Select CP Alternative C1 or C2 based on the performance evaluation.
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