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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [1]
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In previous meetings [2][3][4], multi-beam evaluation assumptions have been stabilized. In this paper, we discuss recommended evaluation methods for multi-beam enhancements, including intermediate performance metrics, impacts on evaluation results from UE movement/rotation, in order to reduce simulation complexity and to obtain accurate results for targeted enhancements. Possible solutions and results on multi-beam enhancements can be found in our companion papers [5][6].
Performance metrics for multi-beam operation
To understand the gain of potential enhancements, quantitative performance comparisons with what was specified in Rel-15 is highly recommended. While the suitable performance metric may vary with the targeted scenario and enhancements under discussions, we propose to reuse those listed in TR38.802 as general performance metrics (e.g., cell-level spectrum efficiency and user perceived throughput in SLS and single-user spectrum efficiency and BLER in LLS). 
In addition, as BM procedures are mainly used to acquire/maintain/recover the beam pair(s) between gNB and UE, some intermediate or statistic results are also of interests, and can help to reduce the simulation complexity as well. In this regard, we propose to discuss and align the following performance metrics:
· Trace and CDF of L1-RSRP/SINR (user experienced L1-RSRP/SINR over time and also overall distribution. An illustration is given on left side of Figure 1, example can also be found in the next section and in our companion paper [6])
· Probability of interruption (e.g., SNR < [0]dB), and conditional probability of interruption (e.g., probability of SNR < [0]dB conditioned on a blockage event, where a block event is defined as SNR dropped by [10]dB and lasted over [50]ms. An illustration is given on right side of Figure 1, example can also be found in our companion paper [6])
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Figure 1 Example of RSRP trace (Left) and blockage event (Right)
Proposal 1: Support using intermediate results as performance metrics of multi-beam enhancements, e.g., distribution of L1-RSRP/SINR and probability of SNR < [0]dB.
The impact of UE mobility/rotation/blockage
For both LLS and SLS, in FR2, add-on features such as UE mobility/rotation/blockage should be mandated since they are the major challenges for beam-based operations. For example, UE speed is the key factor when studying the overhead and latency of beam management RS. Blockage is one of major reasons why the BFR scheme is designed. Without a proper modelling of these features in the simulation, the results may be less convincing in FR2.
In this section, a few case studies are conducted to investigate the impact of UE mobility and rotation on the performance. By using 10-ms periodicity beam management reference signals, gNB and UE are assumed to be able to do beam search to find the globally near-optimal beam pair (based on max-RSRP rule) during a period of [80] ms. The results are in terms of spectrum efficiency and SNR distribution and more detailed simulation assumptions can be found in [6].
More specifically, Figure 2 provides SLS results on the impact of UE mobility and the metric is cell average spectrum efficiency. About 9% throughput loss can be observed for a moving UE at a speed of 60 km/h, compared with a slowly moving UE at 3 km/h. The moving trace of UE can be considered as random in this SLS case study.
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[bookmark: _Ref93642]Figure 2 spectrum efficiency comparison considering a different UE moving speed
In addition, by using LLS and assuming that UE moves towards a specific direction (as shown below in the left side), Figure 3 provides more results on the impact of UE movement. The metric is the distribution of SNR. About 3dB loss of medium (50th percentile-) SNR can be observed for a moving UE at a speed of 120 km/h, compared with a moving UE at 60 km/h. It seems that 10-ms periodicity beam management reference signals or 80 ms for a global beam alignment are not enough for a moving UE at a speed of 120 km/h.
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[bookmark: _Ref93258]Figure 3 CDF of SNR considering a different UE moving speed
Furthermore, Figure 4 provides LLS results on the impact of UE rotation (as shown below in the left side) and the metric is the distribution of SNR. More than 10dB loss of medium (50th percentile-) SNR can be observed for a rotating UE at a speed of 120 rotations per minutes (RPM), compared with a rotating UE at 60 RPM. It seems that if a UE were rotating at a speed of 120 RPM, 10-ms periodicity beam management reference signals or 80 ms for a global beam alignment are not enough to support a good performance. Compared with the UE movement, rotation seems more difficult to be handled.
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[bookmark: _Ref93764]Figure 4 CDF of SNR considering a different UE rotating speed
To summarize, UE mobility/rotation has a significant impact on the performance of multi-beam operation in FR2 and should be always considered in multi-beam related evaluations.
Proposal 2: Add-on features such as UE mobility/rotation/blockage should be mandated in LLS/SLS for multi-beam enhancements.
Summary of proposals
The proposals of this paper are summarized as follows. 
Proposal 1: Support using intermediate results as performance metrics of multi-beam enhancements, e.g., distribution of L1-RSRP/SINR and probability of SNR < [0]dB.
Proposal 2: Add-on features such as UE mobility/rotation/blockage should be mandated in LLS/SLS for multi-beam enhancements.
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