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1. Introduction
During RAN2#95 meeting, the following agreements were made in respect to UE capability coordination.  

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.

In RAN2#95bis meeting, further agreements were made:

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.

Different solutions of UE capability coordination were proposed in email discussion [95#30]. However more information is requested on most of the solutions for understanding / comparison. Even though some agreements were made with regards to Ue capability coordination in the last meeting, the solutions were not discussed. In this paper we discuss semi-static capability split based solution (solution discussed in section 4.5 in [95#30]). Note that semi-static split based UE capability coordination fulfils all the agreements made so far.
2. Discussion
Some level of parameter coordination between the LTE and NR is required to guarantee the UE operation. For legacy LTE DC, tight parameter coordination is supported. SeNB and MeNB comprehend each other radio configurations. Both nodes have up to date configuration of the other node at any time. This was essential for legacy LTE DC because that the legacy LTE DC is supported between two eNBs of the same RAT where both eNBs have similar characteristics and capable of offering similar throughput and latency for the data transmission. However, LTE and NR are two different RATs with different characteristics. Hence it is questionable whether very tight parameter coordination is required and brings benefits when comparing the complexity of allowing tight parameter coordination between LTE and NR. With this in mind, semi-static capability split based solution was proposed for UE capability coordination between LTE and NR tight interworking.
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Figure 1: Semi-static capability split at NW based coordination

Basic procedure steps for semi-static capability split based UE solution is shown in Figure 1. 

1. LTE eNB enquires the UE capability information.

2. UE provides the UE capabilities for the two RATs (LTE and NR). For conflicting capabilities between LTE and NR, the UE informs the LTE-NR combination info in the LTE capability. Similarly, the UE informs the conflicting NR-LTE capabilities in the NR-LTE combination info within NR capability. 
Note: It is not precluded the possibility of RAN acquiring UE capabilities from CN. 
3. Master and Secondary nodes coordinate the configurations and negotiate semi-static capability split. Master LTE node forwards the NR capability to NR gNB as well as a LTE-NR combination capability sets to be used in NR gNB. The LTE NB may need to adjust LTE configuration according to the selected LTE-NR combination sets to be used in the NR gNB. 
4. NR gNB configures UE according to the outcome of coordination given by the step 3.

5. LTE eNB configures UE according to the outcome of coordination given by the step 3.
6. NR gNB reconfigures UE according to the outcomes of coordination given by the step 3. 

7. LTE eNB reconfigures UE according to the outcome of coordination given by the step 3.

8. UE capability renegotiation is required. Renegotiate the UE capability split. Renegotiation can be triggered either by MeNB or SeNB.

9. NR gNB reconfigures UE according to the outcomes of coordination given by the step 8. 

10. LTE eNB reconfigures UE according to the outcome of coordination given by the step 8.

In case Master NB requires to reconfigure the UE with new configuration exceeding the negotiated capability (e.g. addition of a new cell), the Master NB initiates the UE capability coordination prior to the UE parameter reconfiguration. Similarly, if secondary node requires configuring the UE with new configuration exceeding the negotiated capability, the secondary node initiates the UE capability coordination prior to the UE parameter reconfiguration. Therefore capability collision at the UE is avoided.

How to provide the UE capabilities to the network.

The UE provides the UE capabilities for the two RTAs (LTE and NR) possibly in two IEs where the NR capability container is not required to be comprehended by the LTE NB.  For conflicting capabilities between LTE and NR, the UE informs the LTE-NR combination info in the LTE capability. Similarly, the UE informs the conflicting NR-LTE capabilities in the NR-LTE combination info within NR capability container.  An example of UE capability signaling is illustrated below. 
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Figure 2: an illustration of UE capability formatting

The detail LTE UE capability parameters are provided in the LTE index1 to LTE index3 within the LTE UE capability in the illustration in Figure 2. In addition to the LTE only UE capability parameter sets, the UE also signals the combination of LTE and NR UE capability sets reflecting the conflicting combination. For example LTE index 1 and NR index 2 form one LTE-NR combination set supported by the UE. When signalling the LTE index 1 – NR index 2 combination, the LTE capability is informed with a index (index 1 here) , which refers to the detail para signal in LTE index1. NR index 2 points to the detail para provided in NR index1 signal within the NR UE capability. Note that the detail para of NR index 2 is not visible to the LTE network. Only the conflicting capability info (e.g. frequency/frequency band combination info) of NR capability is visible to the LTE network node. 
The formatting of the UE capability signalling facilitates a common UE capability signalling in all deployment scenarios. If the UE doesn’t support tight LTE-NR interworking and operating in LTE network, the UE signals the LTE only capabilities.

UE capability negotiation between LTE and NR NBs

The UE capability coordination between LTE and NR NBs takes into account the network load, measurements/ available cells, achievable service/system quality, etc. This information is expected to be available at the Master Node (MN) for the initial UE capability coordination. The MN makes the decision on initial semi-static split of UE conflicting capabilities to be used between the MN and SN. The decision is informed to the SN over Xn in terms of the UE capability combination sets which could be used by the SN. The MN and SN configure the UE taken into account the negotiated capability combination sets to be used in each node. The MN or SN may or may not utilise the full negotiated UE capability combination sets hence some concern on capability reservation. The UE configuration of each node is based on independent RRM at each node. The MN and SN don’t have up to date UE configuration of other node. If either MN or SN wants to configure the UE with UE capability exceeding the negotiated capability, it triggers the renegotiation of UE capability parameters over Xn. For example, if SN’RRM identifies a need for new SCell addition in SN which exceeds the negotiated capability, the SN triggers the UE capability renegotiation procedure. In our view, renegotiation procedure addresses the concern on capability reservation. This is because when a network node wants to configure the UE exceeding the negotiated semi-static split of capabilities, the capability renegotiation can be triggered. 
Specification requirements

The solution assumes that the UE signals the conflicting capability information to both LTE and NR nodes. Capability information common to both LTE and NR within the conflicting capability combination is visible to both LTE and NR. Other capability information within a conflicting capability combination set is indicated as an index hence the detail parameters of other RAT is not visible to current RAT. Indexing approach maintains the transparency of other RAT specific parameters also this allows for independent evolution of each RAT and specification. 
Coordination occurred over Xn interface using Xn signalling. During the initial tight interworking configuration, master node (e.g. LTE node) forwards other RAT capability (e.g. NR capability) to the SN (e.g. NR).  Conflicting UE capability coordination is based on the selected capability sets. It is assumed that the UE is aware of the conflicting capabilities hence the conflicting capability combination sets provides the information to the network which capabilities could be configured in LTE and NR without capability collision at the UE. 
Parameter renegotiation could be triggered either by SN or MN. If for example, SN wants to add a new Scell, the SN selects the capability combination sets which would allow for adding a new Scell in Sn. The selected combination is signalled to the MN for negotiation. The MN identifies that a cell should be released in MN in order to allow for the requested combination by the SN. If accepted, the MN reconfigures the UE accordingly and signals the SN the new capability coordination where the SN can configure the UE for SN radio resources accordingly. Whether to accept the capability renegotiation request from the SN is based on the MN RRM as well as the system load and the achievable throughput. Need for additional information, such as measurements reports, by the SN to assist the MN decision is FFS.
Advantages of the solution
· Each RAT NB doesn’t need to comprehend UE configuration of the other RAT.
· Allows for more flexible negotiation and independent UE configuration in each RAT based on it’s own RRM decision.
· Less UE capability coordination signaling over Xn, the renegotiation is only performed as per need basis (e.g. when new cell is ready to be added)
· Most UE re-configuration doesn’t require a UE capability renegotiation over Xn prior to the UE reconfiguration. Therefore, the solution results in a fast UE re-configuration.
Proposal 1: It is proposed for RAN2 to investigate feasibility of semi-static split approach for parameter coordination between LTE and NR for LTE-NR interworking.
3. Conclusion 
This contribution describes UE capability coordination using semi-static split based capability coordination. The semi-static split based UE capability coordination was proposed and discussed during the email discussion [95#30]. Clarification was requested on some aspects of the solution. It was attempt to provide a description of the solution and to answer the questions raised during the email discussion. Note that semi-static split based UE capability coordination fulfils all the agreements made so far.

Proposal 1: It is proposed for RAN2 to investigate feasibility of semi-static split approach for parameter coordination between LTE and NR for LTE-NR interworking.
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