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1 Introduction
According to the WF agreed in RAN4#97-e meeting [1], “CDL-C UMa for 4x4 and CDL-A UMi for 2x2” was agreed as baseline for FR1 requirements. In RAN4#98-e meeting, this topic was further discussed [4] [5], and the meeting conformed to adopt “CDL-C UMa for FR1 4x4”, while the channel model for FR1 2x2 was FFS [3]. In this document, we present our simulation and discussion on the candidate options of FR1 2x2 channel model, i.e. CDL-A UMi, CDL-A UMa, CDL-C UMa, CDL-C UMi as defined in TR38.827.
During the simulation of different channel models, we also observed the impact of “Minimum number of slots”, despite the agreement has been reached in RAN4#98-e meeting, i.e. 20k for 30kHz SCS.WF agreed in RAN4 97e meeting [1]
· Test Parameters for FR1 requirements
· For FR1 MIMO OTA performance requirements: 
· CDL-A UMi model is not suitable for 4x4 4-layer performance testing. Channel models mapping for NR MIMO OTA test need to be reconsidered. The group will confirm the conclusion in RAN4#98e based on below options
· Option1: CDL-C UMa for 4x4 and CDL-A UMi for 2x2 (is agreed baseline)
· Option2: CDL-C UMi for 4x4 and CDL-C UMa for 2x2
· Option3: CDL-C UMi for 4x4 and CDL-A UMa for 2x2 
WF agreed in RAN4 98e meeting [2]
· Test Parameters for FR1 requirements
· RAN4 confirms that the CDL-C UMa channel model is adopted to define FR1 4x4 MIMO OTA requirements
· For FR1 2x2 MIMO OTA requirements, the channel model is FFS. Candidate options are: CDL-A UMi, CDL-C UMa, CDL-C UMi. Other options are not precluded

2 Discussion
2.1 Simulation assumptions
The simulation assumptions are in line with TR38.827
1) RMC (Reference Measure Channel, TR38.827 table 8.2-1, 8.2-3)
· Carrier Frequency: 3.5GHz 
· Bandwidth and SCS: 40MHz, 30KHz
· Modulation and code rate: 64QAM/0.5 
· Rank: 2
· Etc.
2) Channel models and antenna setting
· BS beamforming: (8, 8, 2, 1, 1, 1, 1). 
· For NR FR1 MIMO OTA, 1 strongest transmitting beams for V- and H-polarization is selected from the pre-defined beam grid based for each FR1 channel model for 2x2 test. 
· According to above criteria, the beam of “etile = 10deg, escan = 7.2727” was selected.
· UE: 2Rx (1 V and 1 H-polarization), Omni directional.
· Channel models: CDL-A UMi, CDL-A UMa, CDL-C UMa, CDL-C UMi
· Etc.
2.2 Simulation results
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Figure 1: link level simulation results of NR FR1 2x2 (BS beamforming with strongest beam)

According to the simulation results shown in figure 1 for different candidate channel models, we have following observations:
Observation 1: for the simulated NR FR1 2x2 configurations, CDL-C channel models have better performance than CDL-A, similar trend was observed in [4].
Looking into the detailed channel model parameters, we think one reason for above link performance difference is that the power of CDL-C is more distributed, i.e. several clusters (rays) of different AoD have similar power which brings diversity gain. While the power of CDL-C is concentrated to the strongest cluster. As shown in below figure 2.
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Figure 2: power distribution of channel model’s cluster (ray)

Observation 2: the required SNR @ TP 95% is from ~14.5 - 18.5 dB for the 4 simulated channel models. They are all within the feasible SNR range of FR1 MIMO OTA chamber.
Considering the two antenna port reference sensitivity PREFSENS is -89.7dBm for n78&40MHz bandwidth, which can be translated to UE thermal noise of -164.5dBm/Hz (i.e. UE noise figure ~10dB, compared to ‒174 dBm/Hz). And the maximum test signal power PRS-EPRE-MAX was agreed as [-77dBm/30kHz] (starting point). Comparing these two values, it seems that the feasible SNR can cover all 4 interested channel models with reasonable margin.
Observation 3: regarding the SNR span inside every specific channel model from TP0% to TP100%, CDLC_UMA is the “sharpest” one, with only ~1.5dB span compared to ~2.5dB of the other three. This might make the CDLC_UMA not be the best choice from test granularity perspective. And CDLC_UMA has been selected for FR1 4x4 MIMO OTA.
Based on above simulation results and the discussion, our suggestion is:
Proposal 1: the priority order for FR1 2x2 channel model is CDL-A UMi = CDL-A UMa = CDL-C UMi > CDL-C UMa.
Observation 4: no significant difference between “4k slot” and “2k slot” for the simulated n78& SCS30Khz.
In the simulation, we also observed the impact of simulation time i.e. “4k slot” vs “2k slot” for SCS 30Khz. They are indicated as “(4K)” or “2K” in figure 1. Almost no difference has been observed. Despite the fact that this is only one simulation, we think the agreement of “For bands >1GHz: 20k for 30kHz SCS” in reasonable.
3 Conclusions
In this document, we present our simulation results and analysis on channel model for FR1 2x2 MIMO OTA requirements
Observation 1: for the simulated NR FR1 2x2 configurations, CDL-C channel models have better performance than CDL-A, similar trend was observed in [4].
Observation 2: the required SNR @ TP 95% is from ~14.5 - 18.5 dB for the 4 simulated channel models. They are all within the feasible SNR range of FR1 MIMO OTA chamber.
Observation 3: regarding the SNR span inside every specific channel model from TP0% to TP100%, CDLC_UMA is the “sharpest” one, with only ~1.5dB span compared to ~2.5dB of the other three. This might make the CDLC_UMA not be the best choice from test granularity perspective. And CDLC_UMA has been selected for FR1 4x4 MIMO OTA.
Observation 4: no significant difference between “4k slot” and “2k slot” for the simulated n78& SCS30Khz.
Proposal 1: the priority order for FR1 2x2 channel model is CDL-A UMi = CDL-A UMa = CDL-C UMi > CDL-C UMa.
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