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1 Introduction

This document first tries to clarify what a basic index based UE capability coordination solution may comprise. We thereby consider not only UE capability signalling but also the information exchanged between MN and SN, as we think that a main objective of the index is to avoid comprehention of other the RAT configuration (as in LTE DC).
We illustrate the basics of the index based approach by taking the case of the coordination of the RF aspects (supported bands/ BCs, not including associated BP aspects). Furthermore we discuss some other coordination aspects as well as the potential issues earlier identified with the index based approach, as well as the impact of the progress of other related discussions e.g. regarding separation of baseband and RF capabilities.

Altogether we did not find any showstoppers and showed that even in case no solution can be agreed for pulling the BP related capabilities out of the supportedBC capabilities, an index based approach should still be used to avoid comprension of the IRAT configuration. Hence we propose RAN2 to continue efforts in developing an index based UE capability coordination mechanism in accordance with the earlier agreed RAN2 aim to avoid inter RAT comprehension.
2 Discussion

2.1 Index based coordination of RF aspects (baseline)
In this section we describe a baseline index based mechanism for coordinating coordination of RF aspects i.e. supported bands/ BCs, not including associated BP aspects. We cover both the Uu signalling (UE capabilities) and the Xx signalling i.e. inter-node signalling for indication/ negotiation of configuration restrictions.

We like to note that capability coordination is not just required at SCG establishment i.e. when MN initiates addition of the first SCG cell. If SN later wishes to adds a further SCG cell, this may depend on the MCG configuration (e.g. LTE band combination). SN should thus not only know which NR bands but also which NR BCs it can configure in conjunction with the MCG configuration.
Observation 1:
MN indicates to SN the NR BCs it should (not) configure i.e. (not) supported in conjunction with the current MCG configuration

The MN does not need not know what the capability coordination nformation exchanged across Xx really represents. I.e. preferably MN is agnostic of those NR specific details. However, the MN has to choose between competing/ alternative configurations. To do so, the MN is deemed to require some awareness of which alternative results in better performance e.g. throughput. Such information might either be provided in UE capabilities or exchanged across Xx as part of the negotiation procedure. With the second option (Xx) SN factors affecting performance can also be considered e.g. SN capabilities and/ or load. The first option may be somewhat simpler, but would merely facilitate comparing potential performance.
Observation 2:
To enable MN to choose between competing/ alternative EN BC options without detailed requiring detailed knowledge of NR UE and SN aspects, assistance should be provided either in UE LTE capabilities or as part of the coorination/ negotiation across Xx.

LTE capability signalling
General

· UE includes the supported NR bands (i.e. so MN can configure measurements e.g. for IRAT HO)

· For each supported LTE BC, the UE indicates the (not)supported NR bands/ BCs
This may be achieved in different ways, and one example is shown below.

Example realisation
· For each LTE BC, UE indicates the appropriate set of conflicting NR bands/ BCs i.e. the NR bands/ NR BCs not supported in conjunction with the LTE BC. This is done either by a list of pointers to the conflicts defined in LTE capabilities/ BCs or a by a bit string (i.e. 1st bit corresponds to 1st conflict defined in LTE capabilities and so on)
· The interpretation of the conflicting NR band/ BC signalling the UE provides for within an LTE BC is provided in NR capabilities. I.e. in case a bit string is used in LTE BCs, the NR capabilities could clarify which NR BC corresponds to the 1st bit and so on. If MN however additional information would be provided within UE capabilities to assist MN in chosing between competing BCs, this would need to be included in LTE capabilities (i.e. as MN should not be required to comprehend NR capabilities).

Note 1
A conflicting BC does not include BCs which fallback is conflicting, but may include a BC for which the bands it comprises of by itself are not-conflicting but which combination results in a conflict.
Note 2
NR bands that are supported independently of LTE configuration are not present in a conflicting BC.

Remarks
· If most of the NR bands can be supported in conjunction with LTE BCs, signalling conflicts rather than supported combinations is deemed efficient.
Inter-node signalling

General

· MN provides to SN an indication of the NR bands/ NR BCs it can (not) configure i.e. reflecting the NR bands (not) supported by the UE in conjunction with the current MCG configuration

Example realisation
· MN indicates the set of NR bands/ BCs the SN can (not) configure either by

a) Explicitly signalling the set of NR bands/ BCs or

b) Signalling one or more indexes, each pointing to an NR band/ BCs or

c) Signalling one or more indexes, each pointing to an NR band/ BCs from the subset of that potentially can (not) be supported in conjunction with LTE or

d) Signalling a bit string with each bit indicating an NR bands/ BCs
Remarks

· In case the Xx signalling is not self-decodable (i.e. option c and d), NR capabilities should include information regarding the interpretation of the Xx signalling. For further details, see NR capabilities
NR capabilities

General

· UE provides information regarding the NR bands (not)supported in conjunction with LTE BCs. I.e. the information needed by SN to derive from some kind of reference exchanged via Xx which NR bands are (not) supported in conjunction with the current MCG configuration

Realisation 2 (Samsung)
· The UE indicates what every Xx value (i.e. index or bit) represents i.e. which NR band or BCs it comprises. This can either in two ways:
i. For each index value or bit, the UE indicates the NR band or BCs it comprises

ii. For each supported NR band and BC, the UE indicates the corresponding index value or bit

iii. For each supported NR band or BC, the UE indicates, whether there it potentially can (not) be supported in conjunction with NR

Remarks

· In case of option iii, the Xx index or bit 3 would correspond to the 3rd entry in the list of supported NR bands/ BCs for which the bit indicating potential (non-) support in conjunction with LTE (i.e. SN would build a list alike in i. by itself)
2.2 Coordination of other aspects
We understand that UE capability coordination may be required for a number of different aspects:

1
Supported EN BCs (BCs comprising LTE and NR bands)
2
L2 buffer size/ category

3
Baseband processing (BP) related capabilities (as indicated within supported BC in LTE)
4
Measurements (performance, gap)

Preferrably each aspect would be coordinated independently, in which case for each aspect the most appropriate mechanism can be adopted. In this respect we think there are two elementary mechanisms:

A. Percentage: MN decides the share SN is allowed to use (e.g. could potentially be used for L2 buffer size or BP)

B. Index: e MN indicates which option from a set of possible ones SN should apply (i.e. when there is a need to select between competing options)

Indepedence may however not apply for all aspects listed above, as discussed below.

BP related capabilities

BP related capabilities may only be independent if RAN2 succeeds in pulling the concerned capabilities out the supportedBCs for NR capabilities. I.e. we assume that in this respect the approach for EN BC will merely follow what is concluded for NR BC capabilities. For NR, investigates two main options:

a) Formula based approach

b) Signalling of supported combinations for BP consuming function settings (independent of BC)

In both options BP capabilities would be coordinated independently. The two options would merely result in a different solution i.e. in case of approach a) MN can simply allocate a percentage of the total BP to SN while in case of approach b) the MN can use a separate index to indicate which BP combination SN can (not) configure i.e. alike for supported bands/ BCs.

In case no solution can be agreed for pulling the BP related capabilities out of the supportedBC capabilities, we assume the UE would need to signal it capabilities for each supported EN BC. In such case we assume a separate set of EN capabilities capabilities would be defined, to be comprehended by MN and SN i.e. sometimes referred to as common capability container. In such a case, we still assume an index based approach should still be used to avoid comprension of the IRAT configuration i.e. along the following lines:

· A common capability container is defined, covering the supported EN BCs

· The Xx signalling employs an index, in a same manner as described in the previous, but now referring to EN BC as defined in the common container
Observation 3:
In case no solution can be agreed for pulling the BP related capabilities out of the supportedBC capabilities, an index based approach should still be used to avoid comprension of the IRAT configuration.

Measurement related capabilities
We understand that coordination of measurements may also have some dependencies i.e. the need for gaps depends on the (planned) use of RF chains to serve a cell or to perform (inter-frequency) measurements. We assume that for this again a separate mechanism may still be developed e.g. along the lines of what was introduced in LTE in REL-14.
2.3 RAN2 identified issues for index based solution
This section addresses a number of potential issues for an index based approach that were listed during the the RAN2 Ad Hoc in Qingdao.
1. How does MN know the candidate SCG bands that can operate MCG BCs

A>The NR bands are explicitly listed in LTE capabilities, which also includes information about which NR bands/ BC can be supported in conjunction with LTE BCs (all as described in the previous)
2. How to handle the coordination if both MN and SN can configure cells in the same band?

A>Additional signalling across Xx may be considered e.g. by which MN would indicate a frequency range SN should avoid
3. How to coordinate BP capabilities
A>This aspect is covered by the discussion in the previous section, that illustrated that even in case RAN2 does not manage to separate BP and RF capabilities, and index based approach should still be considered to avoid comprehension of other RAT configuration
2.3 Synthesis
In this paper we provided further details regarding the index based UE capability coordination approach, showing some possible realisation(s). We furthermore analysed coordination of different aspects, in particular the bandband processing. We did not find any showstoppers and showed that even in case no solution can be agreed for pulling the BP related capabilities out of the supportedBC capabilities, an index based approach should still be used to avoid comprension of the IRAT configuration. Given RAN2 agreed aim to avoid such comprehension, we therefore propose

Proposal
Continue efforts in developing an index based UE capability coordination mechanism
We welcome further discussion to progress an index based solution, starting with some high level issues like:

iv. what information is needed to to assist MN in selecting between competing EN BCs and how to provide this.

v. In which cases some for of grouping EN BCs might be useful
3 Conclusion & recommendation
This paper discusses an index based UE capability coordination mechanism and includes the following observations and proposals that RAN2 is requested to conclude:
Observation 1:
MN indicates to SN the NR BCs it should (not) configure i.e. (not) supported in conjunction with the current MCG configuration

Observation 2:
To enable MN to choose between competing/ alternative EN BC options without detailed requiring detailed knowledge of NR UE and SN aspects, assistance should be provided either in UE LTE capabilities or as part of the coorination/ negotiation across Xx.

Observation 3:
In case no solution can be agreed for pulling the BP related capabilities out of the supportedBC capabilities, an index based approach should still be used to avoid comprension of the IRAT configuration.

Proposal
Continue efforts in developing an index based UE capability coordination mechanism
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