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Background
In the previous RAN1#104-e meeting, one LS on beam switching gap for 60GHz to RAN4 was approved to seek the feedback on the following aspect. In the last RAN4#98-bis-e meeting, there were some initial discussions on the proposed values, however no much progress has been achieved. Therefore in this contribution, we want to share more further understandings on these aspects.
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 

Discussion
2.1. beam switching delay for Tx and Rx beams
· Switching Tx beams
· Switching Rx beams
For switching Tx beams and Rx beams, it’s well known that those beam switching delay should mainly depend on response delay of analog beam shifter within mmWave antenna array and common RF components are used for Tx and Rx beam switching, therefore switching delay for Tx and Rx beams should be same. 
Observation 1:  switching delay for Tx and Rx beams should be the same.
For the specific beam switching delay, it was documented in TR 38.817-02 that the worst case for analog phase shifter for 28GHz should be 100ns, for switched phase shifter, like GaAs switches react in the approximately 10ns. As far as we know that, response delay for analog phase shifter is not quite dependent on the operation frequency, in other words, the proposed value of analog phase shifter for beam switching delay in Rel-15 could also been applied for 60GHz in Rel-17. 
For 60GHz WID, due to the introduction of 480 kHz and 960 kHz SCS, then the length of CP as listed in Table 1 usually used to accommodate beam switching would be much shorter than that of 60 kHz and 120 kHz SCS in Rel-15/16. Especially for 960kHz SCS, then analog phase shifter with reaction delay around 100ns or 10s of ns might be not approximate choice for the implementation anymore, then switched based phase shifter should be more reasonable alternative, however whether GaAs based phase shifter with apprixmately10ns reaction delay should be used as baseline for further analysis need more discussion in RAN4. From our initial understandings, switched phase shifter with apprximately10ns reaction delay [1+1+7] should be the optimum performance achieved based on current state of the art, however from massive manufacturing’s perspective for the practical deployment, some manufacturing variation  (e.g. due to delay variation of PCB controlling line) should be also been considered for better ecosystem prosperity. Based on the above considerations, the feasible beam switching delay for 60GHz WID should be around 20ns. 
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Figure 1. diagram on the implementation of beam switching 
	u
	SCS
	CP[ns]
	data[ns]
	Sampling Rate [MHz]

	2
	60
	1171.875
	16666.6
	245.76

	3
	120
	585.9375
	8333.3
	491.52

	4
	240
	292.96875
	4166.6
	983.04

	5
	480
	146.484375
	2083.3
	1966.08

	6
	960
	73.2421875
	1041.6
	3932.16


Table 1. Summary for CP and data length for different SCS
Proposal 1: from gNB perspective,  the feasible beam switching delay for 60GHz should be around 20ns with considerations of  manufacturing’s variations.  
2.2. switching time between DL an UL
· Switching from DL to UL
· Switching from UL to DL 
For the switching time from DL to UL and UL to DL, since those values are contributed by two major factors, ON-OFF/OFF-ON transient period and  cell synchronization error. For cell synchronization error as 3us, it’s unlikely to be changed for 60GHz WID since similar timing network implementation and the extreme corner case of 3us as the existing FR2 network would be expected for 60GHz WID unless there are some other deployment scenarios intended for. For ON-OFF/OFF-ON transition period, there were some concerns [2] raised in the last meeting on its high overhead especially for 480kHz and 960kHz and some further improvement are encouraged to be investigated.
From the hardware feasibility perspective, with the increasing operation frequency for 60GHz, then settling time for PLL might be shorter compared with that of existing FR2. In addition,  ramping up time and ramping down time of PA is highly related with the supported output power or electric current within the PA, if the output power for 60GHz is on the same level of  that for 45GHz and 28GHz and same PA manufacturing material (e.g. GaAs, Si), then similar ramping up time and ramping down time could be expected for 60GHz as the existing FR2. 

Observation 2: if the output power for 60GHz is on the same level of  that for the existing FR2 and same PA manufacturing material (e.g. GaAs, Si), then similar ramping up time and ramping down time could be expected for 60GHz. 
Proposal 2: for cell synchronization error for 60GHz WID, 3us should be reused. 

In addition, the analysis on the GP overhead with the following TDD periodicity assumption is shown in Table 1 and Table 2. It could be found that GP overhead might be too high if the same ON-OFF transition time for the existing FR2 with the proposed TDD periodicity was reused for 60GHz. Alternatives to reduce the GP overhead could be either extend the TDD periodicity for 480kHz and 960kHz or reduce ON-OFF transition time from BS and UE side to shorten the GP time.   
Observation 2: to reduce the GP overhead for 480kHz and 960kHz of 60GHz, alternatives could be either extend the TDD periodicity or reduce ON-OFF transition time from BS and UE side. 
[bookmark: _Ref485032108]Table 1 cell coverage analysis 
	Frequency range
	Existing FR2
	60GHz

	Numerology (kHz)
	60
	120
	480
	960

	GP (symbol)
	1
	2
	8
	16

	GP (us)
	16.67 
	16.67 
	16.67 
	16.67 

	Sync error (us)
	3
	3
	3
	3

	BS OFF-ON (us)
	3
	3
	3
	3

	UE OFF-ON (us)
	5
	5
	5
	5

	Tcell (us)
	1.3333
	1.3333
	1.3332
	1.3328

	Cell coverage (m)
	399.99
	399.99
	399.96
	399.84

	Periodicity of TDD (ms)
	0.5
	0.25
	0.0625
	0.03125

	GP overhead (%)
	3.58
	7.12
	26.67 
	53.33 



[bookmark: _Ref485032115]Table 2 BS to BS distance without interference 
	Frequency range
	Existing FR2
	60GHz

	Numerology (kHz)
	60
	120
	480
	960

	GP (symbol)
	1
	2
	8
	16

	GP (us)
	16.67
	16.67
	16.67 
	16.67 

	Sync error (us)
	3
	3
	3
	3

	BS ON-OFF (us)
	3
	3
	3
	3

	BS OFF-ON (us)
	3
	3
	3
	3

	Tbs-bs (us)
	4.67
	4.67
	4.67 
	4.67 

	Two BSs distance (m)
	1401
	1401
	1399.92
	1399.68

	Periodicity of TDD (ms)
	0.5
	0.25
	0.0625
	0.03125

	GP overhead (%)
	3.334
	6.668
	26.67 
	53.33 



Conclusion
In this contribution, we want to share more initial understandings on these aspects.
Observation 1:  switching delay for Tx and Rx beams should be the same.
Observation 2: if the output power for 60GHz is on the same level of  that for the existing FR2 and same PA manufacturing material (e.g. GaAs, Si), then similar ramping up time and ramping down time could be expected for 60GHz. 
Proposal 1: from gNB perspective,  the feasible beam switching delay for 60GHz should be around 20ns with considerations of  manufacturing’s variations.    
Proposal 2: for cell synchronization error for 60GHz WID, 3us should be reused. 
Observation 2: to reduce the GP overhead for 480kHz and 960kHz of 60GHz, alternatives could be either extend the TDD periodicity or reduce ON-OFF transition time from BS and UE side. 
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