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1. Introduction
At the last RAN4 meeting (RAN4#98-bis) the discussion related to respond to the incoming LS from RAN1 started. The incoming LS was sent from RAN1 to RAN4 regarding time required to perform switching of TX and RX beams and switching from UL to DL and vice versa [1]. RAN1 would like to ask RAN4 on time required for gNBs and UEs operating in 52.6 GHz to 71 GHz to perform the following operations:
· Switching Tx beams
· Switching Rx beams
· Switching from DL to UL
· Switching from UL to DL 
The switching from DL to UL and UL to DL is handled in a companion contribution [5]. In this contribution we present some background information for beam switching time relevant for the frequency range 52 to 71 GHz. At the end of the contribution a draft LS is attached for discussion. 

2. Discussion
During the initial development of NR, the beam switching speed and system impact was analysed. The conclusion and findings relevant for the frequency range 25 to 52 GHz is captured in TR 38.817-02, subclause 9.10 [3]. The beam switching time depends on OFDM symbol design, where the base station needs to switch own beam to different directions of different UEs at next OFDM symbol without any guard time. In this case, in order to prevent the DL performance degradation, the switching time should be at least less than cyclic prefix (CP) length. For the frequency range 24 to 52 GHz beam switching is assumed to take place during CP. When the SCS increases the CP length decreases accordingly, hence the time to switch direction decreases. If the CP length is too short gNB can reserve a separate guard time (one or more full symbols) for beam switching. Often, the beam switching can happen during the guard time reserved for the link direction switching. It can be noted that the granularity to adjust the switching gap increases with the increasing SCS.  
The direction of the main beam generated by a phased array is changed by adjusting the phase of the signal applied to each of the elements in the antenna array. This may be implemented using different approaches of a combination of following:
1. Digital beamforming

In this case the element excitation (amplitude and phase) is controlled by baseband processing. It can be considered that the time taken to change beam direction is determined by the digital processing sample clock.

2. Analogue beamforming

In this case the element excitation phase is controlled by analogue RF electronics.

Analogue phase shifters: These devices is typically based on devices which implement a controllable phase shift by using devices such as PIN diodes. The beam switch time relevant for this type of implementation within the frequency range 52 to 71 GHz is in the range of  10s of ns to 50 ns.

Switched phase shifters: This type of phase shifter is based on RF switches to switch different transmission line to change the phase. The RF switching time using GaAs technology is approximately 10 ns.

3. Hybrid beamforming

In this case the element excitations will be controlled as a combination of analogue beamforming and digital beam forming. Hence, the, worst case beam switch time will be similar as analogue beamforming.

For NR operation within 24 to 51 GHz, the assumption was to allow for both analogue, digital and hybrid beam forming to allow for implementation freedom. Therefore, the maximum beam switching time required for the RF electronics was assumed to be < 100 ns. Based on simulation results, to prevent degradation to system performance the switching time must be less than 80 % of the CP length, which is referred to as beam switch window. The CP length and beam switch window as function of SCS is listed in Table 2-1.
Table 2-1: CP length as function of SCS
	SCS
(kHz)
	CP length
(ms)
	Beam switch 
window
(ms)

	15
	4.69
	3.75

	30
	2.34
	1.87

	60
	1.17
	0.94

	120
	0.59
	0.47

	240
	0.29
	0.23

	480
	0.15
	0.12

	960
	0.07
	0.06



For the frequency range 24 to 52 GHz is was concluded that the worst-case beam switching time to considered for a base station implementation is estimated to < 100 ns. In TR 38.808, subclause 4.2.2.4 [4] it is indicated that assuming 10 ns beam switching time for the frequency range 52 to 71 GHz would be feasible for on type of implementation using switched phase shifters in GaAs technology. Within the considered frequency range, it is reasonable to assume high level of integration and lower output power which would allow to shorter beam switch times. Therefore, it’s reasonable to switch faster than previously assumed for FR2 in TR 38.817-02. To allow for implementation freedoms we suggest considering a beam switch time of less than 50 ns for systems operating within the frequency range 52 to 71 GHz.
Assuming the beam switch time to be less than 50 ns indicates that the beam switching fits within the beam switching window for all supported SCS, listed in Table 2-1.

3. Conclusion
For electronics operating at 52 to 71 GHz, the maximum beam switching time of 50 ns can be assumed. At the end of this contribution a draft LS reply is attached.     
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1	Overall description
Based on technology capabilities relevant for the frequency range 52 to 71 GHz it is reasonable to assume that the beam switch time for system operation above 52 GHz can be improved compared to NR FR2 original assumption still allowing for implementation freedoms both for UE and BS. 
For BS and UE electronics used for active antenna arrays operating at 52 to 71 GHz, the maximum beam switching time of 50 ns can be assumed. 
2	Actions
To RAN1
ACTION: 	RAN4 would like to kindly ask RAN1 to use the above information as partial reply of LS.

3	Dates of next TSG RAN WG 4 meetings
TSG RAN4 Meeting #100-E	16 – 27 August, 2021		Online
TSG RAN4 Meeting #101-E	1 – 12 November, 2021		Online
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