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1 Introduction

RAN2 agreed that for IRAT DC at least some band combinations across RATs should be coordinated, as the UE may not support all possible combinations. This contribution outlines a solution for handling this coordination, with key characteristics as follows:

· 
Both MN and SN detect capability limitations from their native UE capabilities
· 
The MN decides when there is a need to choose between MCG and SCG configuration options, e.g. whether to add a cell to MCG or SCG if the UE cannot support both simultaneously 

· 
To facilitate this decision, the nodes exchange throughput information
· Explicit X2 signaling is used both for the band combination and the throughput i.e. to avoid that nodes needs to be aware of the configuration details of the other RAT
· As throughput increase is a main purpose of IRAT DC, this parameter is considered the primary criterion for selecting between the conflicting band combinations
This contribution includes further details regarding message sequence and signaling. 
2 Discussion
2.1 General
This paper is based on a number of assumptions/ starting points that RAN2 has discussed but so far did not conclude on. Hence, we propose:

Proposal 1: RAN2 is requested to confirm the following starting points
a) 
The network shall respect UE capabilities (i.e. does not merely try something, with the UE rejecting if it cannot comply, and possibly providing assistance to facilitate retry) 

b) 
The roles of MN and SN w.r.t. UE capability coordination are similar as in LTE DC i.e. MN decides/ is overall responsible
2.2 Indication of UE capability dependencies

RAN2 agreed that nodes should only be required to use the UE capabilities of their own RAT (referred to as native). Although we are not entirely sure it is possible to rule out use of a separate UE capability container for LTE- NR DC capabilities, we will for now assume that LTE capabilities include information about supported band combinations comprising of LTE and NR bands. Based on this, MN determines the supported IRAT BCs. Likewise, the SN determines the supported IRAT BCs from the NR capabilities. This is illustrated by the following message sequence.
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>Requested RATs (LTE, 5G)

2: UECapabilityInformation

>UE-capabilities LTE (with 5G info), 5G (with LTE info)


Fig. 1: Signalling of supported IRAT BCs
Assuming the UE supports most NR bands with any LTE BC, we think it is most efficient to include the conflicting NR bands/ BCs in LTE UE capabilities as reflected by the following proposal. 

Proposal 2: Within UE capabilities indicate the conflicting IRAT bands/ BCs e.g. indicate for each LTE band and BC, which NR band or NR BC the UE does not supported simultaneously
Note
This could be supported by adding to the LTE capabilities a list of conflicting NR band list and conflicting NR BC list. For the few LTE bands for which there is conflicting NR bands, we indicate such bands e.g. by a bit string with each bit referring to a conflicting LTE band. Likewise, the conflicting NR BCs may be indicated for the few LTE bands for which there is conflict.

2.3 Negotiation/ selection of IRAT BC options
If the UE does not support certain IRAT BCs, the network needs to decide which one to configure I e.g. whether to add a cell to MCG or SCG. Some considerations:

· As in LTE DC, we think the MN is overall responsible and hence the node to decide

· As throughput increase is a main purpose of IRAT DC, this parameter is considered the primary criterion when there is a need to choose between the IRAT band combinations

· It is complex for MN to estimate the additional throughput when adding an SCG cell. I.e. MN would need to know quite some NR details e.g. which NR features can be configured/ is supported by both UE and NR SN. This complexity is avoided when the nodes exchange achievable throughput information i.e. by explicit Xn signaling. E.g. MN may indicate that SN should only configure an SCG cell if the additional throughput it provides exceeds a certain value.

· Is seems sufficient if the throughput information is considered at reconfiguration time only as MN can roughly estimate how throughput subsequently evolves based on cell load information exchanged across Xn
· Even if there is a need for the Xn modification procedure to support reconfigurations introducing multiple IRAT band/ BC conflicts, there seems no real need to exchange throughput information per such conflict. This is based on the assumption that the Xn modification has no partial success or failure. The signaling of multiple throughput values may however somewhat improve performance and failure handling

· SN provides the IRAT BC coordination information upon initiating a reconfiguration that may result in a potential conflict. MN is assumed to also provide this information upon initiating a reconfiguration that may result in a potential conflict (even though it could provide it only upon initiating reconfigurations resulting in actual conflicts)
Based on these considerations, we propose:

Proposal 3
When there is a need to select between conflicting IRAT BCs, the MN decides based on achievable throughput. The nodes exchange throughput information by explicit Xn signaling
Proposal 4
The throughput information is exchanged and considered at reconfiguration time only i.e. MN can roughly estimate how throughput subsequently evolves based on cell load information exchanged across Xn
Proposal 5
Nodes provide the IRAT BC coordination information when initiating a reconfiguration that may potentially result in a conflict
Some further remarks regarding the signaling aspects

· The node initiating a reconfiguration requiring coordination can either indicate the bands it intends to configure, or it could indicate the bands the peer node should not avoid. We have not identified any significant advantages of one option over the other, and shown the first option merely as it seems a bit more intuitive
· The nodes in principle need not exchange information about cells configured on bands which support does not restrict the configuration used in the other RAT cell group (i.e. not involved in any conflict). I.e. the target BC field in principle only needs to cover a subset of bands

· The target BC merely needs to identify the restricting band(s)/ restricted bands. I.e. it would be possible to e.g. signal an index referring to an entry in the UE capabilities rather than signaling an ARFCN. When using such an index, it seems most appropriate to use an RRC inter-node message rather than X2 fields.

Proposal 6
There seem to be several ways to signal the restricting band(s)/ restricted bands. As no fundamental differences were identified, this can be left to stage 3

Figure 2 illustrates of the throughput based negotiation for the case of an MN initiated modification e.g. MN adding an MCG cell that requires SN to release an SCG cell (i.e. MCG cell addition results in not supported IRAT BC).
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Fig. 2: MN initiated modification with negotiation 
Some remarks about message sequence:

1. Within the request, when initiating an MCG reconfiguration that (potentially) restricts the SCG configuration, MN indicates the intended change in IRAT BC as well as the associated throughput increase e.g. 50Mbps
2. If the intended change in IRAT BC requires an SCG reconfiguration that results a throughput loss lower than the increase indicated by MN, SC accepts the reconfiguration. Otherwise SN rejects the reconfiguration. There is no real need to introduce coordination related parameters in these response messages
Figure 3 illustrates of the throughput based negotiation for the case of an SN initiated modification e.g. SN adding an SCG cell that requires MN to release an MCG cell (i.e. SCG cell addition results in not supported IRAT BC).
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Fig. 3: SN initiated modification with negotiation
Some remarks about message sequence:

1. Within the request, when initiating an SCG reconfiguration that (potentially) restricts the MCG configuration, SN indicates by explicit X2 signaling the intended change in IRAT BC as well as the associated throughput increase e.g. 200Mbps
2. If the intended change in IRAT BC requires an MCG reconfiguration that results a throughput loss lower than the increase indicated by MN, MN accepts the reconfiguration. Otherwise, MN rejects the reconfiguration. There is no real need to introduce coordination related parameters in these response messages
Proposal 7
RAN2 is requested to review the message sequences in figure 1- 3, and if agreeable, to take this as starting point for the further work on the inter-node coordination of IRAT BCs

3 Conclusion
In this contribution we have discussed UE capability coordination in case of IRAT DC, discussing which aspects require coordination and outlining a potential solution direction. RAN2 is requested to discuss and conclude the following related proposals:
Proposal 1: RAN2 is requested to confirm the following starting points

a) 
The network shall respect UE capabilities (i.e. does not merely try something, with the UE rejecting if it cannot comply, and possibly providing assistance to facilitate retry) 

b) 
The roles of MN and SN w.r.t. UE capability coordination are similar as in LTE DC i.e. MN decides/ is overall responsible

Proposal 2: Within UE capabilities indicate the conflicting IRAT bands/ BCs e.g. indicate for each LTE band and BC, which NR band or NR BC the UE does not supported simultaneously
Proposal 3
When there is a need to select between conflicting IRAT BCs, the MN decides based on achievable throughput. The nodes exchange throughput information by explicit Xn signaling

Proposal 4
The throughput information is exchanged and considered at reconfiguration time only i.e. MN can roughly estimate how throughput subsequently evolves based on cell load information exchanged across Xn
Proposal 5
Nodes provide the IRAT BC coordination information when initiating a reconfiguration that may potentially result in a conflict
Proposal 6
There seem to be several ways to signal the restricting band(s)/ restricted bands. As no fundamental differences were identified, this can be left to stage 3

Proposal 7
RAN2 is requested to review the message sequences in figure 1- 3, and if agreeable, to take this as starting point for the further work on the inter-node coordination of IRAT BCs
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