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1. Introduction
In [1], a WF on Demod/RRM baseline test system has been agreed. The WF defines a set of open questions for RRM Requirements (Slide 8) as follows, in order to finalize the RRM baseline system:
1. Do the requirements include scenarios with multiple receive AoA of the same beam index from the same cell?

2. Do the requirements include scenarios with multiple receive AoA of different beam indices from the same cell?

3. Do the requirements include scenarios with multiple receive AoA of beams from different cells?

4. Do the requirements include scenarios wither any type of 2x2 MIMO implementation (polarization diversity, pattern diversity) or should be limited to polarization diversity?

5. Does the DUT active beamsteering and tracking capability need to be taken into account in the above scenarios?

6. Is a test setup based on static test AoA, with power level change, enough for RRM test cases?

7. Can a mapping of the RRM test cases to the criteria listed above be provided?

These are very important questions, the answers to which will have direct implications in the test system configuration and complexity. The goal of this paper is to analyze and illustrate such complexity in form of identified test scenarios. This will provide some background rational for answering the question, as well as defining RRM requirements, as a trade-off between test coverage and test system complexity. 

2. Discussion

2.1 Discussion of questions
To Questions 1-3: The scenarios addressed here can be illustrated as follows (for simplicity, just 2 AoAs are shown):
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Figure 1: Test setup for Scenario1: 1 NR TRxP + AWGN + Static AoA

From the Test system complexity point of view, the three scenarios depicted above are similar. The main question that will actually influence the test system complexity is, how many different receive AoAs need to be simulated. This is directly related to the number of TRxPs and the agreed simplification of the channel model.
To Question 4: The main impact on the Test system comes from the number of independent DL signal streams and in case of RRM of the respective reference signals that should be provided to the DUT. In case that any MIMO configuration is required for RRM requirements, Polarization Diversity would be more convenient in terms of test system complexity. 
To Question 5-6: These questions are highly related, since mostly the DUT performance changes with dynamic receive AoA, only if the DUT does active beam steering / tracking. These questions are probably the most critical ones for determining the complexity of the RRM test system. Dynamic AoA and Beam steering / tracking introduce crucial additional complexity to the test system in terms of additional antennas and / or mechanical positioning systems. Moreover details of the receive AoA dynamic pattern (e.g. rate of variation / step size etc) requirements and accuracy, need to be defined along with the RRM requirement. If fading is added on the top of that as propagation channel, then the test system complexity increases significantly. Also, as active beam steering will be probably required only for a subset of scenarios, it makes the justification of the complexity even more difficult. Thus it is highly recommended that:
Proposal: RAN4 identifies the scenarios / test cases requiring active beam steering / tracking and provide more details on the “dynamic AoA requirements”. In addition, the feasibility of defining such requirements only in AWGN propagation condition should be checked.

To Question 7: The test case list mapped to the above criterias, can be provided also to the following key parameters (Subclause 2.2) and scenarios (Subclause 2.3). 

2.2 Key parameters

As per the above discusison, following key parameters, which affect the test system complexity, are identified:

· Number of TRxPs:  agreed as part of Baseline system to be 2
· Propagation condition: fading (spatial channel) or AWGN. 
· Receive AoA during test: static (no change) or dynamic (change) of AoA of received signals during the test.
· Active beam steering / tracking: no beam steering/tracking (constant DUT antenna pattern during test), beam steering / tracking (changing DUT antenna pattern during test).

2.3 Scenarios

Combining the parameters above following RRM potential scenarios can be created:
Scenario 1:  1 NR TRxP + AWGN + Static AoA

Scenario 2:  1 NR TRxP + AWGN + Dynamic AoA 
Scenario 3:  1 NR TRxP + Fading + Static AoA

Scenario 4:  1 NR TRxP + Fading + Dynamic AoA 
Scenario 5:  2 NR TRxPs + AWGN + Static AoA

Scenario 6:  2 NR TRxPs + AWGN + Dynamic AoA 
Scenario 7:  2 NR TRxPs + Fading + Static AoA

Scenario 8:  2 NR TRxPs + Fading + Dynamic AoA 
(Active beam steering / tracking is indirectly considered. It is implied to be possible in case of Dynamic AoA).

In the following we analyze these scenarios in details, in order of increasing test system complexity. 
1) Scenario 1: 1 NR TRxP + AWGN + Static AoA
· This test scenario features 1 TRxP with direct LoS to the DUT. The AoA of the received signal is constant during the test. 
· This scenario can be used for Random Access, Timing, RLM and serving cell measurement test cases, if static AoA assumed. 
· This scenario is the simplest from test system perspective. The test setup looks as follows:
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Figure 2: Test setup for Scenario1: 1 NR TRxP + AWGN + Static AoA
2) Scenario 5: 2 NR TRxPs + AWGN + Static AoA

· This test scenario contains 2 TRxPs with direct LoS to the DUT. The AoA of arrival of the receive signal is constant during the test. 

· This can be applied to all mobility tests to measurement procedure and measurement performance test cases, if static AoA assumed. 

· From the test system perspective, an additional antenna is the added complexity towards Scenario 1. The test setup looks as follows: 
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Figure 3: Test setup for Scenario 5: 2 NR TRxPs + AWGN+ Static AoA
3) Scenario 2: 1 NR TRxP + AWGN + Dynamic AoA
· This test scenario is the same as Scenario 1, but the AoA of the received signal changes during the test. This emulates relative mobility between BS and DUT. Details of AoA pattern (rate of variation / step size etc) needs to be defined along with the RRM requirement. 
· This scenario can be used for beam tracking test cases, but it is not clear yet, what the requirements here are. 
· From test system perspective, the moving antenna / additional switching antennas are the added complexity toward Scenario 1. The test setup looks as follows:
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Figure 4: Test setup for Scenario 2: 1 NR TRxP + AWGN + Dynamic AoA

4) Scenario 3: 1 NR TRxP + Fading + Static AoA 
· This test scenario is the same as Scenario 1, but with fading as propagation condition.  

· This scenario can be used for RLM and serving cell measurements if fading is required. 

· This test scenario is similar to a demodulation scenario, as such the same test setup and respective open issues as per [1] apply. From the test system perspective, fading is the added complexity towards Scenario 1. This can be done as per [1] Option A (base band emulation: the channel model is done by SW, no additional HW complexity towards Scenario 1), or [1] Option B (spatial emulation: the channel model is done by HW, additional HW complexity required towards Scenario 1, significant simplifications of the spatial channel required). Considering this, the test setups will look as follows: 
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Figure 5: Test setup for Scenario 3: 1 NR TRxP + Fading+ Static AoA

5) Scenario 6: 2 NR TRxPs + AWGN + Dynamic AoA
· This test scenario contains 2 TRxPs with direct LoS to the DUT. The AoA of arrival of the receive signal changes during the test. This emulates relative mobility between 2 BSs and DUT. Details of AoA pattern (rate of variation / step size etc) need to be defined. 

· This scenario can be used in all mobility tests, if dynamic AoA assumed. It is necessary to determine whether the AoA should change for both received signals, or is sufficient for only one of them. 
· From test system perspective moving antennas / additional switching antennas are the added complexity toward Scenario 2. The test setup looks as follows:
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Figure 6: Test setup for Scenario 6: 2 NR TRxPs + AWGN+ Dynamic AoA

6) Scenario 7: 2 NR TRxPs + Fading + Static AoA
· This Test Scenario contains two different TRxP with fading conditions and constant AoA during the Test. However it needs to be defined, whether both TRxPs or only the target TRxP are faded
· Possible use cases are measurement procedures and measurement accuracy test cases that require fading.
· From the test system perspective, one additional TRxP is the added complexity towards Scenario 3. Test scenario is similar to the demodulation scenario, but for 2 faded cells. Test setup looks like in Scenario 3. Here  Option A remains valid for cells’ frequencies of the same range, while Option B requires a further spatial channel simplification in an environement with 2 cells. 
7) Scenario 4: 1 NR TRxP + Fading + Dynamic AoA
· This scenarion combines Dynamic AoA with a Fading propagation channel. 

· The use case for RRM would be beam management test cases in which fading is required. 

· This is the most complex scenario from the Test system point of view. Again this test scenario is similar to a demodulation scenario. Using Option A the emulation of the propagation channel, is supported effectively if the dynamic behavior of the beam pattern is known, while using Option B the high number of probes required and their challenging switching pattern increases the test system complexity significantly. 
· Given this high complexity, such requirements can be splitted into two requirements, which can be tested separately through simpler Scenarios: 
· For Beam Management tests, where the AoA needs to change during the test run, they can be tested in AWGN with dynamic AoA ( Scenario 2.

· More complex channel models can be tested in Fading with static AoA ( Scenario 3.

8) Scenario 8: 2 NR TRxPs + Fading + Dynamic AoA
Similar reasoning as for Scenario 4, but too complex to be considered as per now, in terms of RRM requirements, as well as the required test system complexity.
3. Conclusion
This paper has identified key parameters that have big impact on the RRM test system complexity. The following have been marked as the most critical and decisions are needed at the earliest convenience:

-
Number of receive AoAs

-
Dynamic receive AoA / Beam Steering-Tracking

-
Use and type of fading
In particular, the combination of dynamic AoA / beam tracking + fading is the most complicated requirement.  However, the number of tests which require these features might be limited. Most of the identified tests can be run in a relatively simple setup.
In addition, the following RRM test scenarios have been identified in order to cover RRM test requirements (listed in order of increasing test system complexity):
Scenario 1:  1 NR TRxP + AWGN + Static AoA

Scenario 5:  2 NR TRxPs + AWGN + Static AoA

Scenario 2:  1 NR TRxP + AWGN + Dynamic AoA 

Scenario 3:  1 NR TRxP + Fading + Static AoA

Scenario 6:  2 NR TRxPs + AWGN + Dynamic AoA 

Scenario 7:  2 NR TRxPs + Fading + Static AoA

Scenario 4:  1 NR TRxP + Fading + Dynamic AoA 

Scenario 8:  2 NR TRxPs + Fading + Dynamic AoA 
It is proposed that the above test system complexity information is taken into into account (Scenarios can be referenced as a kind of test system “complexity metric”) when answerig RRM questions stated in [1] as well as defining RRM requirements. This is very important in order to meet a trade-off between test coverage and test system complexity, as the only way for having test solutions available within a realistic time frame.
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