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1 Introduction

During recent RAN4 meetings incorporation of NR into the MSR specifications has been discussed, and work is continuing on developing the specification text [1]. One of the issues that will need to be addressed during the conformance specification work is that the E-UTRA bands 42/43 and the NR bands n77 & n78 overlap in spectrum.
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Figure 1: Overlapping E-UTRA bands 42/43 and NR n77 configuration
This presents a new situation for test configurations, in that situations in which configurations with overlapping bands are operated in which the individual bands are single RAT, but multi-RAT transmission may in practice take place within the overlapping spectrum, need to be addressed.
2 Current test configurations

2.1 Single band test configuration

For SBT multi-RAT testing involving E-UTRA and UTRA, carriers are allocated as follows, taking TC3a in 37.141 as an example:

· A carrier of the UTRA is placed at the lower edge of the band

· A carrier of the E-UTRA is placed at the upper edge of the band

· Additional carriers are placed alternately at the lower/upper band edges, with UTRA used at the lower end and E-UTRA at the upper end.
Configurations involving GSM are more complex, but not considered relevant for this document.

2.2 Multi band test configuration
The multi-band test configuration is TC7 is 37.141. Three variants of the TC7 exist, relating to multi-band operation, multi-band with higher PSD and multiband operation with single RAT GSM operation. The current discussion will focus on TC7a in order to establish basic principles; once these principles are established then the additional test cases can be addressed.

The basestation vendor declares support for a multiband configuration supporting a declared number of carriers in each band, a declared total RF bandwidth in each band, a declared maximum number of carriers in all bands and a declared total RF bandwidth in all bands. Exactly how the carriers will be placed will depend on the declared parameters and the number of bands.

Essentially, the placement involves following the single carrier test configuration algorithm. However, some additions are made:
· To ensure that the maximum radio bandwidth is covered, bands are declared to align with the edges of the maximum radio bandwidth. Then as a first priority, carriers are placed at the outermost edges of bands at the edge of the maximum radio bandwidth
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Figure 2: Carriers placed at edges of outermost bands
The next priority is that carriers are placed at the outermost edges of any bands that are not at the edges
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Figure 3: Carriers placed at edges of inner bands
Then the carrier placement in effect operates in each band according to the single band TC algorithm. The figure below indicates an example situation for UTRA and E-UTRA contiguous multi-RAT; further algorithms exist for non-contiguous, operation with NB-IOT etc.
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Figure 4: Carriers placed at in each band according to single band approach (in this case E-UTRA, UTRA multi-RAT)
It is possible, however that after all carriers have been placed in the bands, either the total number of carriers for all bands or the total RF bandwidth limit is exceeded. If this is the case, some carriers are removed until the overall limits are met.
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Figure 5: Carriers removed as total number of carriers would be exceeded
2.3 Proposed NR test configurations
[1] provides further details on proposed NR test configurations. The proposed TC21 handles NR and E-UTRA multi-carrier operation. It is proposed to place an E-UTRA carrier at the highest end of the band and NR carriers from the lowest end. The proposed NTC6 deals with non-contiguous multi-RAT in a similar manner.

TC27 provides a proposal for multi-band operation but does not consider the specific issue of the overlapping n77/78 and 42/43.
3 Overlapping bands
As indicated in the introduction, operating 42/43 and n77/n78 differs from other combinations involving overlapping bands because 42/43 support E-UTRA only, n77/n78 NR only and yet between 3400 and 3800 both E-UTRA and NR may be transmitted. It is also ambiguous whether this operation should be considered as sub-and or not.

A single band test needs to place E-UTRA and NR carriers; however, in some of the spectrum only NR can be transmitted (3300-3400) whereas in other parts both may be transmitted. For proper testing of multi-RAT operation, the SBT should include both NR and E-UTRA in spectrum covered by bands 42 and/or 43, but only NR between 3300-3400 and 3800-4200; otherwise only single RAT operation is tested.
Assuming a suitable SBT can be developed that covers n77 (or n78) and includes multiple RATs, then a separate multiband configuration/test is not needed as all bands are exercised by the SBT. However, the construction of the SBT may involve aspects of the single and multiband test configuration construction principles.
Further discussion is needed on how to consider the combination for the purposes of conformance testing; the configuration could be treated as single band, or as multi-band but with the MBT redundant due to being covered by the SBT.

A straightforward approach to generate a test configuration could be to firstly generate an SBT test configuration for each of 42/43 and n77 or n78. The test configurations would consist of E-UTRA only or NR only carriers. Following this step, the two test configurations could be merged to a single test configuration.
One approach to merging would simply be to apply the carriers from the 42/43 test configuration within the 3400-3800 range and the carriers from the n77 or n78 to frequencies inside those bands but not between 3400-3800. 
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Figure 6: Example combination of SBT for NR and E-UTRA bands
Another approach could be to alternately remove carriers in the 42/43 range such that E-UTRA and NR would alternate.
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Figure 7: Example combination of SBT for NR and E-UTRA bands with alternating RATs
For both of these approaches, further consideration must be given to cases in which the number of carriers in the band is limited. The example below illustrates a situation in which only 4 carriers are operated per band and the maximum number of carriers is 10. In this case, two issues arise:

· The number of carriers in the merged test configuration exceeds the total number of carriers; this some carriers must be removed

· Carriers are distributed across n77; at the upper and lower ands of the band and also around 3400, 3600 and 3800.
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Figure 8: Example combination of NR and E-UTRA SBT with few carriers per band
An alternative, even more straightforward strategy for testing would be to construct a test model for the NR band treating the NR band as if it were multi-RAT and applying e.g. TC21 from [1]. This approach would be simple, but has the disadvantage of creating an artificial test model in which E-UTRA carriers are placed in NR only spectrum.
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Figure 9: Impact of treating n77 as if it were multi-RAT
4 Conclusion

The intention of this document has been to describe the need for a test solution for overlapping bands that operate different RATs; i.e. n77/n78 and E-UTRA 42/43. Some potential solutions are discussed, which advantages and disadvantages and some issues to solve. Interested companies are requested to comment on these solution possibilities or propose further possibilities. The possibilities for test configuration construction could be captured in a WF for further study before the ad-hoc.
Proposal 1: Capture possible solutions for the multi-band / single RAT per band test configurations in a WF to enable further study prior to the ad-hoc.
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