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1
Introduction
The objectives of the Dual Connectivity WI [1] are:

The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.

-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.

-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
In the Dual Connectivity SI, there were some FFS concerning the handling the UE capabilities ([2], section 8.1.4.1):
-
FFS whether the MeNB requests the SeNB to release a serving cell for one of its UEs and the SeNB creates a container that will result in the release of a serving cell. Or whether the MeNB can by itself release a serving cell maintained by the SeNB.
-
FFS whether the MeNB needs to comprehend or may reject the RRC Container received from the SeNB.

-
FFS how MeNB and SeNB "share" e.g. the L1 processing capabilities.
In this contribution, we discuss these FFS for the MeNB and SeNB coordination works, in particular the L1 UE capability aspects.
2
Coordination between MeNB and SeNB
As per the open issue in [2], it is FFS whether the MeNB needs to comprehend the SeNB configuration. The issue stems from the question of how to divide UE capabilities between MeNB and SeNB and how to configure radio resources yet not to exceed UE’s overall capabilities? 
Given that CA operation could be possible for both MeNB and SeNB, the band and band combination dependent UE capabilities (e.g. supported CSI processes and DL MIMO capabilities) may need to be split between the MeNB and SeNB. However, some capabilities (e.g. cell-specific parameters defined under PhyLayerParameters IE in TS 36.331) may not need to be split. 
The issue of UE capabilities is handled in the next section, but it seems natural to consider another aspect first: When SeNB proposes a configuration to MeNB, how does MeNB make decision on whether it accepts or rejects the message? 

1) If MeNB does not comprehend the SeNB-originated RRC messages:

· The MeNB has to make a “blind” decision on whether to accept the message.

· The SeNB message container has to be transparent so that the MeNB is able to insert it to RRC message, which may lead to more complex ASN.1 definitions and complex handling between eNBs supporting different releases

· The MeNB has to trust that there are no errors in the SeNB message that would lead to problems for the UE.

2) If MeNB does comprehend the SeNB-originated RRC messages:

· The MeNB can check the contents of the message and base its decision on that.

· The MeNB can send MeNB and SeNB information in the same message, since the SeNB configuration can easily be inserted into MeNB’s reconfiguration-message
Based on the above, we see there are several issues with the MeNB not comprehending the SeNB-originated RRC messages. Hence, we think that for robust operation, MeNB should be able to comprehend the SeNB-originated RRC messages.
Proposal 1: MeNB needs to comprehend the SeNB RRC container for efficient dual connectivity signalling.

3
UE Capabilities for Dual Connectivity
In considering how the UE capabilities are indicated to SeNB, we note that it is desirable to keep the current UE capability indication procedure the same as it is now. This means that the handling of UE capabilities is kept within the eNB.

In light of how the UE capabilities are handled for carrier aggregation, we see that there are two in-principle ways to indicate dual connectivity capabilities from MeNB to SeNB:

1. Semi-static split of UE capabilities: MeNB indicates to SeNB of the UE capabilities that it can use

a. Example: The MeNB splits the UE capability indications so that SeNB has control over part of UE capabilities assigned to it. This requires that MeNB “splits” the UE capability indication to two parts and forwards the SeNB-assigned part to SeNB. The SeNB then only utilizes the “split” of capabilities.
2. Dynamic split of UE capabilities: MeNB controls that UE capabilities are not exceeded, but there is no explicit split of capabilities between MeNB and SeNB

a. Example: The full UE-indicated CA capability signalling is forwarded to SeNB, along with currently used MeNB configuration. Alternatively, the MeNB could indicate in which carriers it is allowed to configure SCells, if limitations are desired.
These two approaches represent two types of resource partition: Approach 1 uses fixed partition to define maximum resources each eNB is allowed to configure, while approach 2 allows for more dynamic resource partition between MeNB and SeNB. Following table shows some pros and cons comparison.

Table 1
Pros and cons comparison

	
	Approach 1
	Approach 2

	UE capability information signalling
	SeNB uses a restricted set of capabilities.
	SeNB has full knowledge of UE capabilities.

	Modification timescale
	X2 signalling timescale
	X2 signalling timescale

	Network complexity
	MeNB needs to determine the appropriate resource partition for SeNB to use. 
	Each eNB decides new configuration based on existing configurations and UE capabilities.

	X2 interface signalling
	MeNB needs to provide the restriction only when SeNB is added.
No SeNB to MeNB information required for UE capabilities

MeNB may not need to inform SeNB about MeNB configuration changes


	MeNB needs to inform SeNB of its new configurations.
FFS if X2 message is needed from SeNB to MeNB regarding used UE capabilities.

MeNB needs to inform SeNB about MeNB configuration changes

	Scheduling
	Unclear to which UE category the UE belongs to for SeNB – MeNB needs to decide how to “split” the UE category.
	UE category is known to SeNB from capability signalling.

	How is it ensured that the UE capabilities are not exceeded?
	Handled by the initial signalling – SeNB will not exceed the UE capabilities it is given.
NOTE: For handling error cases, the MeNB should still check that SeNB does not request resources exceeding UE capabilities.
	MeNB checks it and rejects SeNB configuration request if the resources are already in use.
NOTE: MeNB needs to always check the SeNB configuration request in this case.

	Effect of dual connectivity architecture (1A and 3C)
	May work better for 1A since the MeNB and SeNB are more separated.
	May work better for 3C since SeNB is more tightly controlled by MeNB.


Based on the pros and cons listed above, we make the following observations:
Observation 1: The UE capability information requires X2 signalling, which is handled by RAN3.

Observation 2: It is unclear how to handle the UE category for either of the options.

Observation 3: To ensure UE capabilities are not exceeded, the MeNB needs to understand the SeNB configuration request.

Based on these, we propose:
Proposal 2: RAN2 needs to consult RAN3 on X2 signalling aspects once the decision is made on how the UE capability information is handled.
Proposal 3: RAN2 to discuss how the UE category for dual connectivity is handled.
4
Conclusion
We have made the following observations:

Observation 1: The UE capability information requires X2 signalling, which is handled by RAN3.

Observation 2: It is unclear how to handle the UE category for either of the options.

Observation 3: To ensure UE capabilities are not exceeded, the MeNB needs to understand the SeNB configuration request.

Based on the analysis and observations, we have proposed the following:

Proposal 1: MeNB needs to comprehend the SeNB RRC container for efficient dual connectivity signalling.
Proposal 2: RAN2 needs to consult RAN3 on X2 signalling aspects once the decision is made on how the UE capability information is handled.
Proposal 3: RAN2 to discuss how the UE category for dual connectivity is handled.
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