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1. Introduction
In this contribution, we show link level simulation results of beam switching speed impact for performance of PDSCH (Physical Data Shared Channel) with 64QAM according to latest agreements in WF R4-1711773 [1].  
2. Discussion
The simulations were performed for PDSCH channel with 64QAM for different value of beam switching time up to duration of 60% of CP length to show the impact of beam switching time occupation of Cyclic Prefix for channel performance. 

The simulations were performed with TDL_C (NLOS) channel model defined in TR 38.901 [2]. 

The simulations were performed for 28GHz frequency where typically analog beamforming will be used and with different delay spread of the channel model to test the impact of beam switching speed with different channel conditions. The beam switching time is modeled as percentage of Cyclic Prefix loss. 

The PDSCH structure and beam switching time modelling are shown on Figure 1 and simulation assumption for PDSCH are showed in the Table 1.
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Figure 11. PDSCH and beam switching time modelling illustration

Table 1. Simulation assumption for PDSCH channel

	Parameters
	Values
	Notes

	Carrier Frequency
	28GHz
	

	Bandwidth
	100MHz
	

	PRB Number
	64
	

	Subcarrier Spacing
	120 kHz
	

	FFT length
	1024
	

	CP length
	586ns 
	72Ts (1Ts: 8.138ns)

	MCS
	MC3
	MCS3 – 64QAM, Coding Rate = 0.6092 and 0.25

	Beam Switching Time
	· 0

· 0.2 CP

· 0.4 CP

· 0.6 CP
	

	Channel Type
	TDL_C (NLOS)
	

	Delay Spread
	· 100ns
· 300ns
	

	Chanel Estimation
	Real
	

	Tx Antenna Ports Number
	2
	

	Rx Antenna Ports Number
	2
	

	Simulation Length
	150 Frames
	


The impact of beam switching speed for throughput and BLER for PDSCH with 64QAM and delay spread of 100ns are shown on Figure 2.
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Figure 2. Impact of beam switching time for throughput and BLER of PDSCH with MCS3 in case of NLOS channel (TDL_C) and 100ns of delay spread

We can observe from the results that beam switching time has no impact for PDSCH channel with 64QAM when delay spread of the channel is 100ns.

Observation 1: Beam switching speed up to 60% of length of CP has no impact for performance of PDSCH with 64QAM in NLOS TDL_C channel with delay spreads 100ns

The impact of beam switching speed for throughput and BLER of for PDSCH with 64QAM and delay spread of 300ns are shown on Figure 3. In this case we used stronger code with coding rate 0.25 because with the coding rate 0.6092 the required BLER of 10% could not be achieved. 
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Figure 3. Impact of beam switching time for throughput and BLER of PDSCH with MCS3 in case of NLOS channel (TDL_C) and 300ns of delay spread

We can observe again from the results that beam switching time has no impact for PDSCH channel with 64QAM when delay spread of the channel is 300ns.

Observation 2: Beam switching speed up to 60% of length of CP has no impact for performance of PDSCH with 64QAM in NLOS TDL_C channel with delay spreads 300ns. Stronger redundancy code (0.25) should be used for achieving 10% of BLER. 

We can conclude from the presented simulation results and results shown in the previous meeting [3] that introducing minimum requirements for beam switching time is not required because there is lack of impact or impact for DL channels performance is marginal especially when we take into account that practical beam switching time of the order of 100ns for PIN diode and much less for GaAs switches (see [4]). 

Proposal 1: Beam switching speed minimum requirements should not be specified in NR 3GPP due to its marginal impact for DL channel performance especially taking into account the practical switching time (below 100ns) 
3. Conclusion

In this contribution, we showed results of link level simulation of beam switching time impact for PDSCH channel with 64QAM. 

We have made following observations and proposal:

Observation 1: Beam switching speed up to 60% of length of CP has no impact for performance of PDSCH with 64QAM in NLOS TDL_C channel with delay spreads 100ns

Observation 2: Beam switching speed up to 60% of length of CP has no impact for performance of PDSCH with 64QAM in NLOS TDL_C channel with delay spreads 300ns. Stronger redundancy code (0.25) should be used for achieving 10% of BLER. 

Proposal 1: Beam switching speed minimum requirements should not be specified in NR 3GPP due to its marginal impact for DL channel performance especially taking into account the practical switching time (below 100ns) 
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