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1 Introduction

This contribution provides further information regarding a potential solution for handling UE capability coordination. The key characteristics, as outlined in [x] of the solution are as follows:

· 
Both MN and SN detect capability limitations from their native UE capabilities i.e. no need to comprehend the capabilities of the other RAT

· 
In case there is a need to choose between an MCG and an SCG configuration option, as the UE cannot support the two options simultaneously, the MN decides

· 
In order to avoid that MN needs to be aware of NR configuration details to determine which of the competing MCG or SCG configuration options is optimal, the negotiation involves the exchange of an explicit parameter across Xn

· 
For the Xn parameter, we propose to use achievable throughput, as we think this is the primary criterion for selecting between the competing configuration options

This contribution provides further details regarding possible message sequences and signaling and several related proposals. 
2 Discussion
2.1 General
This paper is based on the following assumptions/ starting points as discussed in our earlier paper [1], and touched in the recent RAN2 email discussion [2]:

Proposal 1: RAN2 is requested to confirm the following starting points
a) 
There is a need to support some capability sharing/ flexibility and some inter-node coordination is required to handle the configuration dependencies i.e. no hard split.

b) 
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) 

c) 
The roles of MN and SN w.r.t. coordination are similar as in LTE DC i.e. MN decides/ is overall responsible,  nodes can initiate the same actions as in DC, but SN can now also initiate SCell addition (based on its own RRM measurements)

2.2 UE capability dependency/ sharing
In this section we elaborate a bit more on the general UE capability dependency/ sharing aspects, in particular on the required level of UE capability flexibility. The following table provides an overview of LTE semi-static UE capabilities and the coordination supported in LTE DC.
	UE capability item
	Need
	Remarks

	Semi-static, per UE
	Desirable to support sharing of memory or processing related abilities like (soft) bits per TTI
	No issue i.e. can re-use LTE DC approach

UE would indicate same value in capabilities of both RATs (as in LTE DC). MN indicates hard split e.g. percentage applicable for SCG

	Semi-static, per band
	Desirable to maintain UE capability flexibility
	No coordination issue (option can simply be used in NR as in LTE)

	Supported band combinations (BCs)
	Some means needed by which UE can indicate which LTE and NR bands it does support/ not support together (i.e. may be conflict from RF perspective)
	Issue: whether and if so how to indicate bands comprising of LTE and NR bands. There seem to be two main signalling options:
a) Indicate supported BCs
b) Indicate the conflicting bands/ BCs i.e. indicate for each LTE band and BC, which NR band or NR BC UE does not supported simultaneously
A further issue is how the nodes interact to decide between competing configuration options e.g. whether to add an SCell to MCG or to SCG when UE does not support simultaneous configuration

	Semi-static, per BC/ band of a BC (BoBC)
	Would be nice to maintain UE capability flexibility
	This option would require signalling of the supported BCs (i.e. option a above) as well as a negotiation procedure (again as indicated in the above)


Tab. 1: Overview of static UE capabilities
We think that a main question to answer first is whether it should be possible to specify UE capabilities per BC/ per BoBC for BCs comprising bands of both RATs. This option, as supported within LTE, seems nice as it provides great UE capability flexibility but to extend it to IRAT DC introduces complexity. The additional complexity is apparent from the next sections in which the further solution details are discussed. As RAN1 and RAN4 are normally involved in defining how much flexibility is required regarding UE capabilities, it seems appropriate to consult these WGs. Altogether we propose:

Proposal 2: 
RAN2 is requested to discuss and conclude whether it should be possible to specify UE capabilities per IRAT band combination (BC)/ per IRAT band of BC (BoBC) for BCs comprising bands of both RATs and whether RAN1/ RAN4 involvement is needed.

2.3 Detection of UE capability dependencies

In accordance with the previous general discussion on UE capability dependencies, we see two primary solution options:

a) 
Use native UE capabilities: indicate for each LTE band and BC, which NR band or NR BC UE does not supported simultaneously. 
b) 
Introduce common capabilities: comprehended by both nodes and used to indicate BCs comprising of bands of both RATs.
Option b) basically provides the same functionality as in the LTE DC, meaning all supported IRAT BCs would be signalled by the UE. The same options to reduce the size can be used e.g. requested bands, skipping of fallback BCs, .. Option a) is simpler but does not provide the same UE capability flexibility.
Note 1
It might be possible to realise the same options as indicated in the above by means of the set concept but this is not considered as it would just be an alternative signalling method

Fig. 1 illustrates the two options: option a) on the left and option b) on the right.

[image: image1.emf]3: SN Addition Req

>SCG-ConfigInfo

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

>sCellToAdd, drb-ToAddSCG, scg-ConfigRestrictInfo

LTE MN UE NR SN

1: 

UECapabilityEnquiry

>Requested RATs (LTE, 5G)

2: UECapabilityInformation

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

3: SN Addition Req

>SCG-ConfigInfo

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

>sCellToAdd, drb-ToAddSCG, scg-ConfigRestrictInfo

LTE MN UE NR SN

1: 

UECapabilityEnquiry

>Requested RATs (LTE, 5G)

2: UECapabilityInformation

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


Fig. 1: Detection of UE capability dependencies/ conflicts
Some further remarks about signalling aspects:
· In option a), illustrated by the left figure, the information regarding conflicting NR bands/ BCs may be realised as follows (explained for LTE capabilities, but same applies vice versa):

a) 
a list of conflicting NR bands and

b) 
a list of conflicting NR BCs

c) 
within the list of supported LTE bands, for each band entry for which there are conflicting NR bands, a bit string in including to indicate the conflicting NR bands (by reference to the list in a). Likewise, a bit string may be included to indicate the conflicting NR BCs (by reference to the list in b)

d) 
Likewise, within the list of supported LTE BCs, for each BC entry for which there are conflicting NR band and/ or BCs two bit strings may be included

· In option b), illustrated by the right figure, the common LTE-NR capabilities include the IRAT BCs i.e. BCs comprising of bands of both RATs. The field does not only clarify which bands the UE supports simultaneously, but also supports specifying UE capabilities in a flexible manner i.e. per IRAT BC/ per IRAT BoBC.
Note 2
A conflicting band/ BC is an NR band/ BC the UE does not support simultaneously with the LTE band/ BC

Proposal 3: 
RAN2 should discuss and conclude whether a node involved in IRAT DC determines any UE capability impacts of the other RAT on its UE capabilities from either a) its own capabilities or b) from a separate common capabilities covering BCs comprising bands of both RATs. This relates to proposal 2 i.e. option b) involves more complexity but offers more UE implementation flexibility
2.4 Negotiation i.e. selecting between completing configuration options
The network may need to decide between alternative configuration options that the UE cannot support simultaneously e.g. configurations (potentially) conflicting from RF perspective. E.g. choose between configuring an SCell within MCG or within SCG. Some considerations:

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

· We assume the decision should primarily be based on achievable throughput. Although the throughput could be weighted by system cost (e.g. required resources) and/ or UE cost (e.g. battery consumption), we think this is of secondary importance (i.e. need not be considered further)

· The MN could possibly estimate of the throughput it would achieve from a conflicting SCG configuration, but a good estimate may be rather difficult as throughput would depend on which NR functionality can be configured (supported by UE and NR SN). This seems complex and requires the LTE MN to know a lot about NR particulars/ characteristics. It seems desirable to avoid knowledge of IRAT configuration details. Such additional complexity is not needed when the nodes instead exchange achievable throughput information. E.g. MN may indicate that SN should only configure the conflicting SCG configuration option while the throughput it can achieve exceeds a certain minimum value.
Based on these considerations, we propose:

Proposal 4
When there is a need to select between conflicting IRAT DC configuration options (i.e. between conflicting MCG and SCG configuration options), the MN decides based on achievable throughput. Inter-node signaling should be introduced for this, to avoid know that MN needs to know detailed NR particulars/ characteristics 
Note 1
It may be difficult to use the throughput based negotiation when using the concept of sets, assuming a set may represent a wide range of configurations with large differences in achievable throughput.

Figure 2 shows a possible realisation of the throughput based negotiation for the case of an SN initiated SCG modification i.e. an option in which the MN provides a minimum criterion, while SN monitors whether this criterion is met for the requested configuration.
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Fig. 2: Negotiation of conflicting MCG and SCG configurations, SN initiated modification
Some remarks about message sequence:

1. The SN wishes to modify the SCG configuration e.g. add an SCG cell. In case this SCG reconfiguration (potentially) restricts the MCG configuration, SN indicates the average throughput the SCG reconfiguration will add for the concerned UE e.g. 2Mbps
· In case the current MCG configuration does not conflicts the requested SCG reconfiguration or the SCG reconfiguration contributes more to the UEs average throughput than the conflicting MCG configuration, the MN would typically accept the request from SN

· In case the MN accepts the request from SN and if it conflicts the current MCG configuration, MN initiates the required reconfiguration of the MCG. Towards the UE, the MCG and SCG reconfigurations are performed together with joint success/ failure.
· In case the current MCG configuration does conflicts the requested SCG reconfiguration and the SCG reconfiguration contributes less to the UEs average throughput than the conflicting MCG configuration, the MN would typically reject the request from SN
2. MN confirms the SCG reconfiguration, but indicates that the conflicting SCG configuration is acceptable while it contributes at least certain average throughput for the UE .g. 1.5MBps
· When the average throughput would fall below this minimum threshold, the SN sends a failure message to inform the MN thereby enabling MN to take any further action
Some further remarks
· As indicated during the e-mail discussion, any solution should address aspects like the following:

· How do the nodes indicate to the peer they want to configure an option imposing a restriction on the other node?

· How does the MN decide between alternative configuration options? In our proposal, throughput information is exchange i.e. when SN request configuration of a conflicting option it includes the achievable throughput, while MN generally indicates the minimum throughput SN should meet for such conflicting option (regardless of which side initiated its configuration)

· How does the MN indicate the configuration restriction to SN
· It however seems difficult to discuss/ progress the further signaling details of the negotiation procedure while it is still unclear which capability dependencies are to be addressed. I.e. the capability dependencies determine which aspects are to be negotiated between the nodes.

· In case negotiation is merely about whether a cell is to be configured, the throughput target would be specified per cell. In case of conflicting BCs, it may however be desirable to set such target for a combination of cells.

· The unit under negotiation may be identified by a reference to the UE capabilities i.e. it may point to the list of conflicting bands/ BCs. If this is the case, it may be most appropriate to use an RRC inter-node message rather than X2 signalling

Proposal 5
RAN2 is requested to review example message sequence, and if agreeable, to take this as starting point for the further work on the inter-node negotiation used for the UE capability coordination in case of IRAT DC
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) 
There is a need to support some capability sharing/ flexibility and some inter-node coordination is required to handle the configuration dependencies i.e. no hard split.

b) 
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) 

c) 
The roles of MN and SN w.r.t. coordination are similar as in LTE DC i.e. MN decides/ is overall responsible,  nodes can initiate the same actions as in DC, but SN can now also initiate SCell addition (based on its own RRM measurements)

Proposal 2: 
RAN2 is requested to discuss and conclude whether it should be possible to specify UE capabilities per IRAT band combination (BC)/ per IRAT band of BC (BoBC) for BCs comprising bands of both RATs and whether RAN1/ RAN4 involvement is needed.

Proposal 3: 
RAN2 should discuss and conclude whether a node involved in IRAT DC determines any UE capability impacts of the other RAT on its UE capabilities from either a) its own capabilities or b) from a separate common capabilities covering BCs comprising bands of both RATs. This relates to proposal 2 i.e. option b) involves more complexity but offers more UE implementation flexibility

Proposal 4
When there is a need to select between conflicting IRAT DC configuration options (i.e. between conflicting MCG and SCG configuration options), the MN decides based on achievable throughput. Inter-node signaling should be introduced for this, to avoid know that MN needs to know detailed NR particulars/ characteristics 
Proposal 5
RAN2 is requested to review example message sequence, and if agreeable, to take this as starting point for the further work on the inter-node negotiation used for the UE capability coordination in case of IRAT DC

4 Reference
[1] R2-165044, UE capability coordination in case of IRAT DC (Samsung)

[2] R2-16xxx, Report of e-mail discussion [95#30] Capability coordination for NR and LTE (Qualcomm Corporation, rapporteur)
[3] TS 36.331, RRC Specification
A. Background information (Annex)
A.1 Coordination for different use cases
	No
	Use case
	Initiator
	Trigger
	Coordination

	1
	SCG establishment
	MN
	RRM
	Yes, SCG config (band) may require adjustment of MCG configuration

	2
	SCG release
	MN
	Traffic, node underload
	No

	3
	SCG release
	SN
	RRM, node overload
	No

	4
	Radio resource reconfiguration
	MN
	E.g. L1 feedback
	No, unless there are dependancies e.g. regarding antenna configuration, memory or (baseband) processing capacity

	5
	Radio resource reconfiguration
	SN
	E.g. L1 feedback
	No, unless there are dependancies e.g. regarding antenna configuration, memory or (baseband) processing capacity

	6
	Intra-freq mobility (MCG)
	MN
	RRM
	No (dependencies' e.g. regarding antenna configuration or baseband processing treated separately)

	7
	Intra-freq mobility (SCG)
	SN
	RRM
	No, as above

	8
	Inter-freq mobility involving change of MCG bands (includes addition of SCell)
	MN
	RRM, traffic, node load
	Yes, cases other than SCell release and change of primary frequency may require adjustment of SCG configuration

	9
	Inter-freq mobility involving change of SCG bands (includes addition of SCell)
	SN
	RRM, traffic, node load
	Yes, cases other than SCell release and change of PSCell frequency may require adjustment of MCG configuration
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