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1 Introduction
LS[1] sent from RAN1 asks RAN4 for beam switching time and DU switching time on 60GHz Band.
In the last RAN4 meeting, the discussion on beam switching are focused on following issues:

· UE U/D switching time
· UE T/Rx beam switch

· Min duration between beam switches

· gNB beam switching
This paper provides further analysis on switching time for 60GHz Band. 
2 Discussion
2.1 UE switching time
For U/D switching time, it generally includes 2 parts: power change and U/D chain switching. Tx power change time includes the adjustment on transceiver, PA and other possible loss, which could ensure signal EVM. This procedure is not highly related to BB configuration, e.g. SCS, so we propose 60GHz Band to reuse the transient time as 5us for UE Tx power change time. For U/D chain switching, 2us is also needed for 60GHz Band. Considering analysis above, if we consider the on-on power transient as 5us, switching from DL to UL will stay with 7us as defined for current FR2 Band.
Proposal 1: U/D and D/U switching time for 60GHz stay with 7us as current FR2 Band.
For beam switching time, we copy the description captured in TR 38.817 here:

“The direction of the beam from 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 in a number of ways:

-
Digital beam forming – in this case the phase is adjusted in the baseband – it can be considered that the time taken to adjust beam direction is so fast it is negligible.

-
Analogue beam forming

-
Analogue phase shifters – devices which implement a controllable phase shift such as PIN diodes. This is probably the slowest reacting method of phase shift, such circuits have a reaction time in the 10s of ns and a worst case of 100ns can be considered.

-
Switched phase shifters – RF switches are used to switch different transmission line delays, such circuits will react based on the RF switching time, GaAs switches react in approximately 10ns.”
Firstly, we need to clearly define the beam switching time before we could give detail value. From the above section copied from TR 38.817, it seems the definition is: time needed for the direction of the beam from a phased array changed by adjusting the phase of the signal applied to each of the elements in the antenna array. 

But, beam switching for UE side is generally corresponding to Tx power change and Rx gain adjustment. if T/Rx adjustment is also considered as part of the beam switching, the time would be much larger. 
In RAN4 #98-e meeting, RAN4 has some discussion on FR2 beam switching time for multi-TRP transmission. The agreement is as following[2]:

· If the spatial filter to transmit the beam is known, beams are switched within same panel and UL timing is the same for different UL beams, the transient period is 5us as defined in the RAN4 spec. 

· RAN4 needs more discussion to conclude the transient period for cases with cross panel beam switch and/or if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams.

In our understanding, 100ns captured in TR 38.817 is the pure analog codebook switching delay but not considering the power change issue. If we consider power change between beams and UE need time to stablelize on signal quality after beam switching, we need to consider transient period between power change.

For in-panel case, RAN4 consider that all TRx unit on one panel can be activated simultaneously, and beam switching within on panel does not need additional activation delay. For on-on power transient period on 60GHz, we prefer to keep the value defined for current FR2 Bands, i.e. UE with 5us, BS with 3us. Although transient period can be reduced a little bit when operating frequency increase as the response time is faster for higher frequency, but transient period is not only decided by analog circuit response time, but also other involved aspects, for example, UE may need to adjust its operating mode between different output power level. Combined with on-on power change, beam switching on 60-GHz Band requires for 5us delay.

Observation 1: for in-panel case, 5us is required for T/Rx beam switching and on-on power change. For cross panel case, RAN4 may need further discussion on current FR2 Band, and also FFS for new 60GHz Band.

Proposal 2: For in panel case, minimum duration between beam switches is 5us on 60GHz Band. For cross panel case, FFS.

Then we provide the CP length of the SCS adopted for 60GHz Bands.
	SCS
	120kHz
	480kHz
	960kHz

	CP length
	590ns
	150ns
	~75ns


It seems 75ns beam switching speed is enough for UE side even for 960kHz SCS. Considering the impact introduced by chipset process and architecture used, the switching time is possibly higher than 75ns. So, we propose following 2 options for in-panel case:
Option 1: UE beam switching time(beam direction change) is assumed as the CP length for 960kHz: 75ns.

Option 2: 100ns.

Proposal 3: For in-panel case UE beam switching time which is purely for beam direction change can be defined with following 2 options:

Option 1: UE beam switching time(beam direction change) is assumed as the CP length for 960kHz: 75ns.

Option 2: 100ns.

For cross panel case, FFS.

For gNB beam switching speed, it is not the same procedure as UE side. gNB has a huge antenna array to reach high EIRP power, hundreds or more antenna elements could be used. Beam switching relates to the beam direction accuracy, that different beam direction accuracy may require for different switching time. At this stage, we propose to further study on the beam switching time after BS side has more input on transmission power requirement.
Proposal 4: For BS beam switching time, further study on the beam switching time after BS side has more input on transmission power requirement.

3 Conclusion

In this contribution we discussed on the open issues on 60GHz beam switching, according to the analysis, we have the following proposals: 
Proposal 1: U/D and D/U switching time for 60GHz stay with 7us as current FR2 Band.
Observation 1: for in-panel case, 5us is required for T/Rx beam switching and on-on power change. For cross panel case, RAN4 may need further discussion on current FR2 Band, and also FFS for new 60GHz Band.

Proposal 2: For in panel case, minimum duration between beam switches is 5us on 60GHz Band. For cross panel case, FFS.

Proposal 3: For in-panel case UE beam switching time which is purely for beam direction change can be defined with following 2 options:

Option 1: UE beam switching time(beam direction change) is assumed as the CP length for 960kHz: 75ns.

Option 2: 100ns.

For cross panel case, FFS.

Proposal 4: For BS beam switching time, further study on the beam switching time after BS side has more input on transmission power requirement.
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