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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
An 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].
	1. Overall Description:

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 

In RAN1’s understanding, switching Tx/Rx beams was assumed to be in the order of 100ns (based on TR38.317-2 Section 9.10.2)”, which could be absorbed by the CP with subcarrier spacing supported for Rel-15/16 NR operating in FR2. RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for Tx and Rx beam switching operations for both gNB and UEs.

Additionally, in RAN1’s understanding, switching from DL-to-UL or UL-to-DL requires up to 13792 Tc (=7.015 µsec) for Rel-15/16 NR operating in FR2 (as specified in 38.211 Section 4.3.2 based on R4-1805766). RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for DL-to-UL and UL-to-DL switching operations for both gNB and UEs.

RAN1 would like to kindly ask RAN4 to provide information on the above questions. Please note that information on switching time may have impact to RAN1 design and specification and therefore RAN1 would benefit from obtaining this information as early as possible.


2. Actions:
To RAN4: 	RAN1 would like to kindly ask RAN4 to provide information on the above questions.


3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #104-bis-e 	12 – 20 Apr 2021			Online
TSG-RAN WG1 Meeting #105-e 	19 – 27 May 2021			Online




2	Switching from DL to UL and UL to DL 
With regards to the questions about switching from DL to UL and switching from UL to DL the first step would be to derive the values quoted in the LS [1], i.e. switching from DL-to-UL or UL-to-DL requires up to 13792 Tc (=7.015 µsec) for Rel-15/16 NR operating in FR2 (as specified in 38.211 Section 4.3.2 based on R4-1805766). For FR1 the corresponding value is 25600 Tc.
As stated above the original table is in 38.211 [2] Section 4.3.2:
	A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 



Table 1 shows the time  and  values for FR2, 13792 Tc and FR1, 25600 Tc.
Table 1: Transition time  and  (Table 4.3.2-3 in [2])
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792



2.1	Derivation of  and  values 
The critical parts for TDD systems are around the switching points i.e. around DL to UL and UL to DL switching, here sufficient guard periods must be assigned to mitigate interference between systems, see Figure 6.1.1-2 where:
TGUARD :  	Total allocated GP (for both DL to UL and UL to DL guards) 
TAoffset :  Guard period allocated for the UL to DL switch 
TDL_UL :    	Guard period allocated for the DL to UL switch


Figure xxx TDD Guard Periods at base station

If we analyze the down link to up link switch point we get [3]:
TDL_UL ≥ TSync +TBS on off 
TDL_UL ≥ TSync +TUE off on
For the up link to down link switch we get: 
TAoffset ≥ TSync +TBS off on
TAoffset ≥ TSync +TUE on off 
This can be summarized as:
TDL_UL ≥ TSync + max(TBS on off, TUE off on)
TAoffset ≥ TSync + max(TBS off on, TUE on off )

If we identify  with TDL_UL and  with TAoffset we get:
 ≥ TSync + max(TBS on off, TUE off on)  		(1)
 ≥ TSync + max(TBS off on, TUE on off )  		(2)

If we apply expression (1,2) to FR1 we get, since Cell Phase Sync (TSync) = 3 µs and BS and UE transients all are 10 µs:
  = ≥ 3 + 10 µs = 13 µs ≈ 25600 Tc.
On the other hand if we apply (1,2) to FR2 we have BS transients = 3 µs and UE transients = 5 µs so we should have:
  = ≥ 3 + 5 µs = 8 µs
However it seems that the average if BS and UE transients have been used, i.e. (3 + 5)/2 µs = 4 s
  = ≥ 3 + (3 + 5)/2 µs = 7 µs ≈ 13792 Tc

3	Beam switching
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 [4]. 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 3-1.
Table 3-1: 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 [5] 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 50 ns indicates that the beam switching fits within the beam switching window for all supported SCS, listed in Table 3-1.
4	Summary
The switching from DL to UL and from UL to DL as specified in 38.211 Section 4.3.2, i.e.  and  depends on RAN4 cell Phase sync (TSync) and UE and BS transient requirements: 
 ≥ TSync + max(TBS on off, TUE off on)  		
 ≥ TSync + max(TBS off on, TUE on off )  		
This means that the final  and  requirements in TS 28.211 depends on the final values of RAN4 cell Phase sync in TS 38.133, BS transients in TS 38.104 and UE transients in TS 38.101.
For electronics operating at 52 to 71 GHz, the maximum beam switching time of 50 ns can be assumed. 
A draft reply LS can be found in appendix A. The original LS can be found in appendix B.
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Appendix A: Draft reply LS
Title:	Reply LS on beam switching gap for 60 GHz band
Response to:	
Release:	Rel-17
Work Item:	NR_ext_to_71GHz

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:
          Name:	Magnus Larsson
          E-mail Address:	magnus.k.larsson (at) ericsson (dot) com 	

Attachments:	


1. Reply:

Question: Switching from DL to UL and Switching from UL to DL 
The switching from DL to UL and switching from UL to DL requirements are specified as  and  respectively.  and  depend on RAN4 requirements according to the following relations:
 ≥ TSync + max(TBS on off, TUE off on)  		(1)
 ≥ TSync + max(TBS off on, TUE on off )  		(2)
Where TSync is Cell Phase Sync in TS 38.133 and TBS on off, TUE off on, TBS off on and TUE on off are the BS and UE transients in TS 38.104 and TS 38.133.
The basic relation in expressions (1,2) will remail valid in release 17, but the final values of BS and UE transients and Cell phase Sync needs further work in RAN4 part of WI, before being finalized.
Question: Switching Tx beams, Switching Rx beams
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: 	RAN4 would like to kindly ask RAN1 to use the above information as partial reply of LS.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #99-e 	19 – 27 May 2021				Online
TSG-RAN WG4 Meeting #100 	23 – 27 Aug 2021				Toulouse, France

Appendix B: Original LS in, to RAN4
3GPP TSG RAN WG1 Meeting #104-e							R1-2102202
e-Meeting, January 25 – February 05, 2021

Title:	LS on beam switching gap for 60 GHz band
Response to:	
Release:	Rel-17
Work Item:	NR_ext_to_71GHz

Source:	RAN1
To:	RAN4
Cc:	

Contact Person:
          Name:	Daewon Lee
          E-mail Address:	daewon.lee (at) intel (dot) com, 	

Attachments:	


1. Overall Description:

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 

In RAN1’s understanding, switching Tx/Rx beams was assumed to be in the order of 100ns (based on TR38.317-2 Section 9.10.2)”, which could be absorbed by the CP with subcarrier spacing supported for Rel-15/16 NR operating in FR2. RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for Tx and Rx beam switching operations for both gNB and UEs.

Additionally, in RAN1’s understanding, switching from DL-to-UL or UL-to-DL requires up to 13792 Tc (=7.015 µsec) for Rel-15/16 NR operating in FR2 (as specified in 38.211 Section 4.3.2 based on R4-1805766). RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for DL-to-UL and UL-to-DL switching operations for both gNB and UEs.

RAN1 would like to kindly ask RAN4 to provide information on the above questions. Please note that information on switching time may have impact to RAN1 design and specification and therefore RAN1 would benefit from obtaining this information as early as possible.


2. Actions:
To RAN4: 	RAN1 would like to kindly ask RAN4 to provide information on the above questions.


3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #104-bis-e 	12 – 20 Apr 2021				Online
TSG-RAN WG1 Meeting #105-e 	19 – 27 May 2021			Online
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