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1 Introduction

This contribution is a continuation of previous discussions, and adds an ASN.1 proposal on how the groups can be implemented in an efficient manner. 
2 Agreements from RAN2 95bis

.

Agreements

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.

3 Agreements:

4 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

5 2: Allow gNB to format NR RRC PDUs for the UE configuration.

Going into NR, we foresee the following problem areas with regard to the UE capabilities, if we inherit the LTE design and add to it the upcoming NR features:

1. Increased inter-RAT dependency

6 Increased Inter-RAT dependency

Agreements from last RAN2 addressed this issue by aiming to minimize RAT dependency at the standard and eNB/gNB level. However, the agreement was on principle, we would like to formalize the agreements:

Proposal 1: The UE shall report a separate capability per RAT. 
Given the requirement to support separate capabilities on NR and LTE, the next issue to deal with is how to handle inter-RAT dependencies such as band combinations
A simple way to understand this is to consider the LTE and NR band combinations as a matrix. For example

-
LTE band support represents the rows of the matrix where each row corresponds to a group of LTE bands and band combinations
-
NR band support represents the columns of the matrix where each column corresponds to a group of NR bands and band combinations.
The UE can then populate the entries of the matrix such that a 1 represents a band combination is supported and a zero represents that it is not

Proposal 2: Interdependency between LTE and NR can be represented by a dependency matrix, where 1 entries indicate a combination is supported and 0 indicates it is not.
Now, using a matrix is fine as long as it is not too big, but the problem is that the band combinations are very large so this is not a sufficient solution. So the next step is to figure out how to simplify this approach.
Today, the bulk of the user’s traffic is usually taking one of the following routes: HSPA, LTE or WLAN. Extending this to NR, in the future, the bulk of the traffic will either be on NR, WLAN or LTE and the secondary RAT will be primarily be used for control or specialized services.
Proposal 3: Not every combination of possible use cases needs to be supported for inter RAT use cases so the dependency matrix can be simplified
So, depending on how the traffic is directed by the network, the resource allocation in the UE shall follow. To enable that we propose to describe the dependency matrix based on groups where within each RAT the UE capabilities are subdivided with the groups.
Proposal 4: The UE capabilities shall be subdivided in groups per RAT of which only a few are needed to define typical behaviors.
For example, if there are about 100 entries in the band combination list, LTE band combinations would be divided by groups, corresponding to bands in low, medium or high frequencies, and corresponding to number of carriers or other restrictions within a group. Let us assume the UE choses to divide its capabilities into 11 groups.  To avoid ASN.1 becoming too large due to adding a group ID to each band combination, and if we allow up to 16 groups, the LTE UE only needs to add around 11 groups x 16 bits = 176 bits by including the group ID only when it changes in the list. This requires a certain ordering of band combinations to optimize such encoding.
This solution of grouping capabilities needs to be contrasted with the alternative approach of including for every band combination (or even a group of band combinations) the NR capabilities in the LTE capabilities. That would require a a much larger number of bits to list the NR bands and band combinations compatible with an LTE capability, let alone other NR capabilities that are affected. It also has the drawback of requiring NR and LTE to understand each other’s band combinations and a much tighter degree of capabilities coordination. 

The primary RAT will then operate as normal by determining how to use the capabilities of the UE to configure it for service. The new behavior is that the RAT will determine which group it is using based on the desired configuration. 

The primary RAT will then indicate the group, i.e., the row or column of the dependency matrix it is using when it is trying to coordinate capabilities. The secondary RAT will then look at the corresponding entries for that RAT and determine how to configure its capabilities accordingly.
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Table 1 Example of LTE to NR mapping
Proposal 5: The primary RAT indicates a group (i.e., a row or column) it is using and the secondary RAT will then choose a corresponding entry in the dependency matrix for that group
7 Conclusions

Based on the summary of NR scenarios and principles provided above, RAN2 should discuss the following proposals:
Proposal 1: The UE shall report a separate capability per RAT. 
Proposal 2: Interdependency between LTE and NR can be represented by a dependency matrix, where 1 entries indicate a combination is supported and 0 indicates it is not

Proposal 3: Not every combination of possible use cases needs to be supported for inter RAT use cases so the dependency matrix can be simplified
Proposal 4: The UE capabilities shall be subdivided in groups per RAT of which only a few are needed to define typical behaviors.
Proposal 5: The primary RAT indicates a group (i.e., a row or column) it is using and the secondary RAT will then choose a corresponding entry in the dependency matrix for that group
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