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1 Introduction

During RAN#83, a WI introducing support for GSM, UTRA, E-UTRA and NR multi-RAT operation in the 3GPP specifications was introduced [1]. In [2] it is proposed to create 2 capability sets; one covering GSM+E-UTRA+NR and the other UTRA+E-UTRA+NR. These will be termed CS18 (GSM+E-UTRA+NR + sub-combinations + NB-IoT options) and CS19 (UTRA+E-UTRA+NR+sub-combinations + NB-IoT options) in this contribution.
The contribution considers how to test configurations should be updated to support the new CS, focusing on the downlink.
2 Discussion
2.1 General principles for all test models
The existing multi-RAT test configurations for GSM, UTRA and E-UTRA include TC3 (UTRA and E-UTRA multi-RAT), TC4 (BC2 transmitter test cases), TC5 (BC2 receiver test cases), TC6 (receiver stand-alone), TC15 (GSM and E-UTRA with NB-IoT in-band), TC16 (UTRA and E-UTRA with NB-IoT in-band), TC17 (E-UTRA and E-UTRA with NB-IoT in band), TC18 (GSM and E-UTRA with NB-IoT in-guard), TC19 (UTRA and E-UTRA with NB-IoT in-guard), TC20 (E-UTRA and E-UTRA with NB-IoT in-guard) and TC21, 22 (E-UTRA and NR, including NB-IoT options).
The test configurations have been built up over time and consist of 3 types:

· Test configurations applicable to legacy RATs, without NB-IoT options, split TX, RX (TC3, 4, 5, 6)

· NB-IoT in band/in-guard in E-UTRA together with legacy RATs (TC 15-20)

· Test configurations applicable to E-UTRA+NR, including NB-IoT in-band and in-guard.

For the new CS, it is important to develop test configurations that are efficient in terms of test time and are simple to describe in the specifications.
An important consideration is whether to adopt and describe test configurations similar to the existing RATs or similar to the approach for the LTE+NR configurations. The original GSM, UTRA and E-UTRA combinations were created prior to the existence of NB-IoT, whereas the LTE+NR combinations were created after NB-IoT and include in-band and guard-band NB-IoT as an integral part of the combination. We propose here to follow the later approach and incorporate in-band and guard-band NB-IoT into the TC.
Proposal 1: Incorporate in-band and guard-band NB-IoT into the TC for the new RAT combinations
There then arises the question whether one or more new TC should be created to support the new CS, or whether the new CS should be incorporated into the existing TC21 and TC22. We propose to take the same approach as for TC4 and widen TC21 into TC21, TC21a, TC21b covering test cases for E-UTRA+NR, UTRA+E-UTRA+NR, GSM+E-UTRA+NR (The existing TC21 needs to be kept as it is to keep backward compatibility to previous releases).
Proposal 2: Widen the scope of TC21 and NTC21 to TC21, TC21a, TC21b etc. to cover the new test cases

To create the new test cases involving 3 RATs, the principles from previous TCs can be re-used. For GSM+E-UTRA+NR, TC4c (GSM+UTRA+E-UTRA) is of particular interest. For UTRA+E-UTRA+NR, there is no directly comparable previous test case, but the principles of the previous multi-RAT test cases can easily be re-used.

An example for writing the downlink test cases according to proposals 1 and 2 and using the principles of previous test cases is presented in [1]. In the following subsections of this document, some general principles used for constructing the downlink test models are described.
2.2 Principles for UTRA+E-UTRA+NR downlink test configurations
It is proposed to apply a mixture of TC21, TC16 and TC4c principles to derive a contiguous test model. An NR carrier is placed at the lower end of the BS RF bandwidth and an E-UTRA carrier at the upper end. NB-IoT is included in the E-UTRA carrier if supported. This is all that is needed if only two carriers are supported. If further carriers are supported, a UTRA carrier is placed in the middle of the bandwidth and then the rest of the bandwidth is filled with E-UTRA and NR carriers. The reason for placing UTRA in the middle is that NR has higher spectrum utilization and E-UTRA may contain NB-IoT, so placing NR and E-UTRA at the edges is more stringent. The inner E-UTRA carriers do not include any NB-IoT.
For non-contiguous, a UTRA carrier is placed at the lower end of the BS RF bandwidth, and an E-UTRA carrier at the upper end. If NB-IoT is supported, it is included in the E-UTRA carrier at the upper end of the BS RF bandwidth. If further carriers are supported, these are placed firstly at the sub-block edges and then the middle of the sub-block. NR is preferred to be placed at sub-block edges and E-UTRA (without NB-IoT) in the middle of a sub-block, since NR may have higher spectrum utilization (although for the standard 5MHz/15k SCS the SU is the same for E-UTRA and NR).

2.3 Principles for the downlink GSM+E-UTRA+NR test configurations
For the GSM+E-UTRA+NR test models, a GSM carrier is placed at the lower end of the BS RF bandwidth. If NB-IoT is supported, an E-UTRA carrier including NB-IoT is placed at the upper edge of the BS RF bandwidth. However, if NB-IoT is not supported, GSM is prioritized to be placed at the BS RF bandwidth edges.

For the contiguous test model, NR and E-UTRA (without NB-IoT) carriers are placed in the middle of the carrier and then the carrier is filled with firstly GSM carriers and then further NR/E-UTRA as needed.
For the non-contiguous test model, further NR and E-UTRA carriers are placed at the sub-block edges and then the middle of the sub-blocks.
2.4 Considerations for UL test configurations

The current document considers DL testing. For the UL, further checking that the TC is suitable for tests that are not single RAT may be needed.
3 Conclusion
This document outlines some general considerations in generating test cases relating to the new CS. A more detailed example of a test case is presented in [1].
Proposal 1: Incorporate in-band and guard-band NB-IoT into the TC for the new RATs

Proposal 2: Widen the scope of TC21 and NTC21 to TC21, TC21a, TC21b etc. to cover the new test cases
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