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1. Introduction

In previous RAN meetings the following agreements have been made regarding capabilities coordination between LTE and NR for tight interworking (EN-DC)
Agreements made in RAN2#95

1
From a RAN2 perspective, we aim to have an independent capability information for NR and LTE (meaning that node of one RAT does not need to look at the capabilities of the other RAT). Does not preclude that capabilities of one RAT might contain some information related to the other RAT (e.g. at least measurement capabilities)

2
RAN2 should study further how to coordinate capabilities between the UE, LTE eNB and NR gNB.
Agreements made in RAN2#95bis

1: RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.

2:
 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.

3
 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

4
Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

5: 
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.
1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network

2: Allow gNB to format NR RRC PDUs for the UE configuration.
Agreements made in RAN2 NR AH
Agreements

1: Only two nodes (i.e. one LTE eNB and one NR gNB) need to be considered in the LTE/NR capability coordination. The forward compatibility with multiple nodes can also be considered.

2: For capabilities for which coordination is needed, then it is up to master node to make the decision on how to resolve the dependency..

3: For capabilities for which coordination is needed, the secondary node is allowed to initiate the re-negotiation of capability, and with the re-negotiation request from secondary node, it is up to master node to make the final decision.
Agreements

LTE capabilities changes to support EN-DC

1: LTE capabilites shall include information related to NR measurements 

2: LTE capabilites shall include support of EN-DC

3: Further changes to LTE capabilities are FFS

NR capability reporting

4: NR shall support independent capabilities reporting (this does not preclude the NR and LTE capabilities indicating dependencies in the capabilities reported)

LTE/NR capabilites dependencies to support EN-DC

5: For Type I capabilities (where the use of the capability is isolated to the RAT), no coordination is needed and the NR specific capabilities are just forwarded by the MeNB to the SgNB using LTE DC as a baseline 

2. Types of capabilities to support EN-DC
From the email discussion there were three types of capabilities considered:

· TYPE I: The use of the capability is isolated to the RAT (i.e. use of the capability in one RAT has no impact on the other RAT) and the use of the capability does not need to be coordinated with the other RAT. No capability coordination is required for these type of capabilities.

· TYPE II: The use of the capability in one RAT has impacts to the other RAT, however the use of capability in one RAT is not understood/predictable by the NW side of the other RAT. It is difficult to make coordination based on the actual use of the capability in each RAT at a certain time. 

· TYPE III: The use of the capability in one RAT has impact to the other RAT, and the use of capability in one RAT is understood/predictable by the NW side of the other RAT. The capability coordination can be made based on the actual use of the capability in each RAT at a certain time.

2.1  Coordination of TYPE III capabilities

The Annex below shows an excerpt from TS 36.300 SeNB addition procedures which illustrates the DC coordination procedures for LTE. 
As shown in steps 1 and 2 and reproduced in Figure 1 below for LTE-NR DC the MeNB provides the capabilities coordination between LTE and NR will occur based on the SCG-Config and SCG-ConfigInfo exchange. The same coordination can happen, after SgNB Addition, via SgNB Modification procedure (as in LTE DC) which can be initiated either from MeNB or SgNB.
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Figure 1: SCG-Config exchange from SgNB addition procedure to enable capabilities coordination

Reusing LTE DC as a baseline:

-
SCG-ConfigInfo - Sent by MeNB to SgNB to establish, modify or release an SCG; May include additional information to assist SgNB with assigning SCG configuration; Currently in LTE DC includes an LTE based RRC container

-
SCG-Config - Used to transfer SCG radio configuration generated by SgNB; May use a NR based RRC container which may be transparent to LTE MeNB, if LTE MeNB is not required to understand the NR configuration as agreed above.

Looking further in TS 36.331 – the SeNB uses the combination of the radioResourceConfigDedMCG and the maxSCH-TB-BitsXL IEs carried in the SCG-ConfigInfo to determine what the MeNB is using plus the received UE capabilities to determine what the allowed configuration is for the SCG-Config.

A similar principle can apply in NR in which the radioResourceConfigDedMCG would include the Type III capabilities relevant for the SgNB node for coordination.

Observation 1: For TYPE III capabilities, the existing mechanism for configuration coordination in LTE DC are suitable
-
MeNB sends SCG-ConfigInfo (including the current MCG configuration and any further sharing information, e.g., such as maxSCH-TB-BitsXL) to SgNB and SgNB will base its configuration on these parameters
-
SgNB returns (or initiates in the case of SgNB initiated modification) SCG-Config to MeNB (including the SCG configuration) and the MeNB will base its further configuration on these parameter values
Observation 2: More dynamic coordination of TYPE III capabilities over the backhaul that does not require UE configuration via RRC can be investigated in the WI phase
Proposal 1: For TYPE III capabilities (where the use of the capability in one RAT has impact on the other RAT and is understood by the other RAT) reuse the capabilites coordination in LTE DC as a baseline, i.e., the SCG-ConfigInfo and SCG-Config exchange.
2.2  Coordination of TYPE II capabilities

The previous proposal will not work for Type II capabilities since the each RAT is not required to understand the capabilities of the other RAT. As such a different mechanism is needed to allow the capabilities coordination.

Observation 2: For TYPE II capabilities, the existing mechanism for configuration coordination in LTE DC are NOT sufficient

In email discussion 96-33, several solutions were considered to address this scenario based on including further dependency information in the SCG-ConfigInfo and SCG-Config exchange to allow each RAT to be aware of the impacts of the configuration on the other RAT. As such explicit configuration is not required and instead the additional information is used to convey the limitation within each RAT on the capability configuration given the current configuration on the other RAT

Observation 3: For TYPE II capabilities, further information is required as part of the SCG-ConfigInfo and SCG-Config exchange to allow each RAT to be aware of the impacts of the configuration on the other RAT 
Observation 4: Solutions 3, 4 and 7 from email discussion 96-33 are potential candidates for a solution to enable TYPE II capabilities coordination. Further down selection can be postponed to the WI phase.
Proposal 2: For TYPE II capabilities (where the use of the capability in one RAT has impact on the other RAT and is not understood by the other RAT), e.g., band combinations, a network based capabilties coordination solution is supported based on one of solutions 3, 4 and 7 from email discussion 96-33.
3. Summary

Observation 1: For TYPE III capabilities, the existing mechanism for configuration coordination in LTE DC are suitable
-
MeNB sends SCG-ConfigInfo (including the current MCG configuration and any further sharing information, e.g., such as maxSCH-TB-BitsXL) to SgNB and SgNB will base its configuration on these parameters

-
SgNB returns (or initiates in the case of SgNB initiated modification) SCG-Config to MeNB (including the SCG configuration) and the MeNB will base its further configuration on these parameter values
Observation 2: More dynamic coordination of TYPE III capabilities over the backhaul that does not require UE configuration via RRC can be investigated in the WI phase

Observation 3: For TYPE II capabilities, the existing mechanism for configuration coordination in LTE DC are NOT sufficient

Observation 4: For TYPE II capabilities, further information is required as part of the SCG-ConfigInfo and SCG-Config exchange to allow each RAT to be aware of the impacts of the configuration on the other RAT 

Observation 5: Solutions 3, 4 and 7 from email discussion 96-33 are potential candidates for a solution to enable TYPE II capabilities coordination. Further down selection can be postponed to the WI phase.

Proposal 1: For TYPE III capabilities (where the use of the capability in one RAT has impact on the other RAT and is understood by the other RAT) reuse the capabilites coordination in LTE DC as a baseline, i.e., the SCG-ConfigInfo and SCG-Config exchange.

Proposal 2: For TYPE II capabilities (where the use of the capability in one RAT has impact on the other RAT and is not understood by the other RAT), e.g., band combinations, a network based capabilties coordination solution is supported based on one of solutions 3, 4 and 7 from email discussion 96-33.

4. Annex – TS 36.300 Dual connectivity procedures
10.1.2.8.1
SeNB Addition

The SeNB Addition procedure is initiated by the MeNB and is used to establish a UE context at the SeNB in order to provide radio resources from the SeNB to the UE. This procedure is used to add at least the first cell (PSCell) of the SCG. Figure 10.1.2.8.1-1 shows the SeNB Addition procedure.
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Figure 10.1.2.8.1-1: SeNB Addition procedure

1.
The MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to bearer type). In addition, MeNB indicates within SCG-ConfigInfo the MCG configuration and the entire UE capabilities for UE capability coordination to be used as basis for the reconfiguration by the SeNB, but does not include SCG configuration. The MeNB can provide the latest measurement results for the SCG cell(s) requested to be added. The SeNB may reject the request.
NOTE:
In contrast to SCG bearer, for the split bearer option the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more. The MeNBs decision may be reflected in step 1 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1.
NOTE:
For a specific E-RAB, the MeNB may request the direct establishment of an SCG or a Split bearer, i.e., without first having to establish an MCG bearer.

2.
If the RRM entity in the SeNB is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. The SeNB triggers Random Access so that synchronisation of the SeNB radio resource configuration can be performed. The SeNB provides the new radio resource of SCG in SCG-Config to the MeNB. For SCG bearers, the SeNB provides the new radio resource of the SCG together with S1 DL TNL address information for the respective E-RAB and security algorithm, for split bearers together with X2 DL TNL address information.
NOTE:
In case of split bearers, transmission of user plane data may take place after step 2.

NOTE:
In case of SCG bearers, data forwarding and the SN Status Transfer may take place after step 2.
3.
If the MeNB endorses the new configuration, the MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config.

4.
The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
5.
The MeNB informs the SeNB that the UE has completed the reconfiguration procedure successfully.

6.
The UE performs synchronisation towards the PSCell of the SeNB. The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.
7./8.
In case of SCG bearers, and dependent on the bearer characteristics of the respective E-RAB, the MeNB may take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status Transfer).
9.-12.
For SCG bearers, the update of the UP path towards the EPC is performed.
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