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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#87, WF [1] listed several areas of study. 
· Each of NR test model consist of following elements:
· Core requirements list for which given test model is used,
· Physical channel parameters of test model,
· Most of TMs include tables of specific parameters that are used for test models (eg. boosters PRBs, allocated PRBs etc. for both FDD and TDD).
· Companies are encouraged to further study if all TM that are used in E-UTRA test specification are needed for NR.
· Companies are encouraged to further study which aspects of the NR PHY design and channels parameters are needed for TM design.
· For each TM specific list of parameters should be created. There may be different lists of parameters for each frequency range.
· Efficient way to introduce list of parameters for TM (eg. boosted PRBs and allocated PRBs for given test models) should be consider. 
· For NR TDD operation configuration of TDD gNB needs to be decided to define test models.
· Companies are encouraged to further study the test for mixed numerologies and decide further if we need the mixed numerologies tests.
This document accompanies [2], which focuses test models. The document examines the need for testing mixed numerologies. Goals and possible test model configurations are provided.
Discussion
Background
Mixed numerology (multiple SCS) arises in
· Initial access (SS block uses one numerology, RMSI can use another numerology)
· Network resource management (BWP aspects, load balancing). In fact, 36.141 supports a form of multiple SCS when NB-IoT and LTE are tested.
· URLLC (a slot (symbols) is interrupted)
Because mixed numerology (SCS) is a key network feature in NR, some means of testing should be defined. Unfortunately, test model linearity may not apply. For example, if one numerology is tested for one test model and another numerology is tested for the same test model, the results from the two tests may not be extensible for mixed numerology. Aspects to consider are:
· Since the bandwidth of the guard band is a function of the SCS
· Are there unwanted emissions
· EVM measurements
There is also consideration about minimizing the frequency spacing between the numerologies. As a result
Proposal 1: A test model with multiple SCS should be used for conformance testing to test unwanted emissions.
TDM layout
One layout for the test model is a TDM layout where changes in numerology occur at slot boundaries, as Figure 1. With µA > µB, slot timing should be based on the smaller numerology. For example for µB=0 (15 kHz SCS) and µA=1 (30 kHz SCS), there are two 0.5 ms 30 kHz SCS slots for each 1 ms 15 kHz SCS slot. The two 30 kHz SCS slots should be consecutive with the first slot starting on an integer multiple of 1 ms.
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[bookmark: _Ref517697191]Figure 1. TDM layout
While the TDM layout offers a simplicity in testing, only the transitions when the numerology changes (at the slot boundaries) are where the potential effects of numerology are seen. As a result, the layout has limited value because the number of transmissions is small.
Observation: TDM layout offers fewer opportunities to test changes in numerology.
FDM layout
Figure 2 is shows a test layout where one numerology occupies a contiguous fraction of RBs while another numerology occupies the remaining fraction of RBs in the carrier (i.e. FDM). Assuming µA > µB, there are 2^(µA–µB) slots of numerology µA per slot of numerology µB.
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[bookmark: _Ref517343313]Figure 2. FDM numerologies
Unlike the TDM layout, because all symbols of each slot are affected by the mixed numerology, it is comprehensive test. 
Although another possible approach to achieve this layout is to is to use intraband CA with two contiguous carriers, with one carrier using one numerology and the other carrier using the other numerology. However, that approach has additional spacing due to raster alignment.
Proposal 2: The FDM layout shall be used to base station conformance testing of mixed numerologies.
Test modeling aspects
When examining mixed numerology, one question is which numerologies are modeled if two or more numerologies are used. For example, with FR1, if the base station supports 15, 30, and 60 kHz SCS, how should the test be designed.
· Pairwise models of numerologies. For example which set should be modeled (15, 30), (15, 60), (30, 60).
Note when testing mixed numerologies, some bandwidth-SCS combinations are excluded: e.g., at (5 MHz, 60 kHz SCS) and ([60, 70, 80, 90, 100] MHz, 15 kHz SCS), because they are not specified in 38.104. Hence the test case design, the bandwidth should be considered. For example, in [3], the smallest SCS is proposed for the test case generation. For FR1, the BW is 5 MHz for bands with bandwidths less than 100 MHz. That implies that 15 and 30 kHz SCS are typically tested. For bands with larger bandwidths, the BW is 20 MHz and all three can be used. A decision on what combinations is needed.
[bookmark: _GoBack]For test model description, for unwanted emission testing, the power allocated per numerology needs to be considered. That affects the fraction of bandwidth allocated to each numerology and power per RB. 
Conclusion
This contribution examined the benefits for mixed numerology test models for conformance testing.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: A test model with multiple SCS should be used for conformance testing to test unwanted emissions.
Based on the description included
Observation: TDM layout offers fewer opportunities to test changes in numerology.
The proposed layout is
Proposal 2: The FDM layout shall be used to base station conformance testing of mixed numerologies.
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