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1. Introduction
NR specific BS requirements are discussed in the last several meetings, and WF [1] agrees some action points to be studied on NR BS beam switching speed requirements.

This contribution mainly discusses how to create spec texts in terms of used metric, definition of switching time.
2. Current agreements in RAN4
In [1], agreements and open issues are summarized as below.
· Agreement (General)
· Testability doesn’t impact the decision whether this requirement is introduced in core spec or not. (already agreed in R4-1706158)
· RAN4 agrees to work to create a description for the potential requirement. (already agreed in R4-1706158)
· RAN4 agrees the switching time must be less than some value (it doesn’t mean RAN4 automatically to introduce the requirement)
· It is agreed RAN4 to encourage to solve remaining open issues shown in the following slides.
· Agreement (the value)
· Taking into account NR OFDM symbol design, beam switching time of direction A to B shall be at least less than CP length
· CP length depends on SCS.
· The difference of direction A and B should be the same with the maximum direction gap which BS can steer.
· Encouraged companies provide the simulation results of the relation between beam switching time (0 ~ CP length) and performance degradation (100% is assumed for no delay) for each DL CH in RAN4 NR#3 meeting in Nagoya and RAN4#84bis in Dubrovnik. Based on the results, RAN4 will further clarify the required beam switching time smaller than CP length.
· FFS how beam switching and the time requirement should be defined in requirement text
· Agreement (on Work Plan)
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In this contribution, mainly we discuss above red parts.

3. Discussion
3.1. The metric used for beam switching speed requirement
This issue is not included in [1] but in [2]. Mainly beam switching speed is discussed for DL transmission, thus BS power can be used as a metric. Furthermore, not TRP but EIRP should be used since beam switching requirement is direction related topic.
Proposal 1: EIRP should be used as a metric for beam switching speed requirement.
3.2. Definition of start/end times for switching delay
As already agreed in [1], beam switching time (delay, t) will be defined as time to change the beam direction from direction A to B as shown in figure 1, where the difference of direction A and B should be the same with the maximum direction gap which BS can steer. However, the definitions of start time and end time are not clear yet. This sub-clause discusses this point.
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Figure 1. Beam switching from direction A to direction B

Figure 2 shows an example of OFDM symbol base beam switching. During OFDM symbol #n period (tn ~ tn+1) signal is transmitted to direction A (UE #A), and during next OFDM symbol #(n+1) period (tn+1 ~ tn+2) signal is transmitted to direction B (UE #B) as shown in figure 2 a). Ideally EIRP power distribution will be as figure 2 b) (peak EIRP level may differ between direction A and B, and declared by manufacture), however actual one will be like figure 2 c) due to analog phase shifter delay. Roughly, t can be assumed as shown in the figure.
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Figure 2. OFDM symbol based beam switching and power levels
As clear definition of t, generally we have two methods as below.

1) Absolute power based definition (regardless of absolute time)

2) Absolute time based definition (regardless of absolute power)
As already agreed that this potential requirement is to evaluate RF perspective not for BB, and timing of beam direction steering will start to absolute time will depend on the implementation as shown in figure 3, thus first method (absolute power bases definition) would be feasible for the start/end time definitions. In addition, E-UTRA TDD transmitter transient period requirement is also not defined based on absolute time (OFF period, transient period, and ON period).

Proposal 2: Definition of t (beams switching time) should be based on absolute EIRP power rather than absolute time.
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Figure 3. Implementation difference on switching beam timing to absolute time
Based on above Proposal 2, we show some options for the clear t definition in below table 1 and figure 4.
Table 1: Options of definition of t
	
	1) Start time
	2) End time
	3) t

	Option 1
	Time which EIRP level at direction A becomes equal to EIRPA, high.
	Time which EIRP level at direction B becomes equal to EIRPB, high
	2) – 1)

	Option 2
	Time which EIRP level at direction B becomes equal to EIRPB, low.
	Time which EIRP level at direction A becomes equal to EIRPA, low
	

	Option 3
	Time which EIRP level at direction A becomes equal to or larger than EIRPA, high and EIRP level at direction B becomes equal to or less than EIRPB, low.
	Time which EIRP level at direction A becomes equal to or less than EIRPA, low and EIRP level at direction B becomes equal to or larger than EIRPB, high.
	

	Option 4
	Time which EIRP level at direction A becomes equal to or larger than EIRPA, high or EIRP level at direction B becomes equal to or less than EIRPB, low.
	Time which EIRP level at direction A becomes equal to or less than EIRPA, low or EIRP level at direction B becomes equal to or larger than EIRPB, high.
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Figure 4. t examples for each options
Since the one of the main motivations of this potential requirement is to guarantee the enough signal power level is transmitted to correct direction, at least EIRPA, high and EIRPB, high should be used for t definition (namely either option 1 or 3). In addition, EIRPA, low and EIRPB, low should be used to guarantee that unwanted signal power is not transmitted to unintended direction (to direction B during OFDM symbol #n, and to direction A during OFDM symbol#(n+1)). Therefore, Option 3 in table 1 should be used for t definition.
Proposal 3: Definition of beam switching time (t) should be as below.
t = tend – tstart
tend is the time which EIRP level at direction A becomes equal to or less than EIRPA, low and EIRP level at direction B becomes equal to or larger than EIRPB, high.
tstart is the time which EIRP level at direction A becomes equal to or larger than EIRPA, high and EIRP level at direction B becomes equal to or less than EIRPB, low.
How to set (link with peak EIRP at each direction) EIRPA, high, EIRPA, low, EIRPB, high, and EIRPB, low is FFS.
How to set each high/low EIRP value (EIRPA, high, EIRPA, low, EIRPB, high, and EIRPB, low) can be discussed further, however, we show some options in below. As already mentioned above, peak EIRP level at each direction (EIRPpeak, @A, EIRPpeak, @B) should be declared by manufacture rather than specified in spec. Therefore, high EIRP values (EIRPA, high and EIRPB, high) cannot be specified as fixed value and should be relative value based on the peak EIRP. On the other hand, low EIRP values (EIRPA, low and EIRPB, low) can be specified as fixed value taking into account how much emission level can be allowed. Table 2 shows possible setting of each high/low EIRP value (EIRPA, high, EIRPA, low, EIRPB, high, and EIRPB, low).

Table 2. possible setting of high/low EIRP values

	EIRPA, high = EIRPpeak, @A  YA dB
	EIRPB, high = EIRPpeak, @B  YB dB

	EIRPA, low = ZA dBm
	EIRPB, low = ZB dBm


Proposal 4: Above table 2 can be considered as a baseline to specify each high/low EIRP value.
3.3. Draft core spec text
We propose the following draft Text proposal for TS 38.104.
===============================Draft Text Proposal for TS 38.104==========================

9.9
OTA Beam switching time
The beam switching time is the time period during which the beam peak direction is changing from the direction A to the direction B or vice versa. The beam switching speed is illustrated in Figure 9.9-X. Where the angle difference between direction A and direction B should be the same as the maximum direction difference within declared [EIRP accuracy directions set].
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Figure 9.9-X Illustration of the relations of EIRP levels at direction A and B.

9.9.1
Minimum requirements
The beam switching time shall be shorter than the values listed in Table 9.9.1-1.

Table 9.9.1-1 Minimum requirements for the beam switching time
	Transition
	Beam switching time [ns]

	Direction A to B
	XX

	Direction B to A
	XX


where beam switching time is given by tend – tstart. tstart is the time which EIRP level at direction A becomes equal to or larger than EIRPA, high and EIRP level at direction B becomes equal to or less than EIRPB, low, and tend is the time which EIRP level at direction A becomes equal to or less than EIRPA, low and EIRP level at direction B becomes equal to or larger than EIRPB, high. EIRPA, high, EIRPA, low, EIRPB, high, and EIRPB, low are given by Table 9.9.1-2.
Table 9.9.1-2 EIRP level
	
	EIRP level [dBm]

	EIRPA, high
	EIRPpeak@A – YA dB

	EIRPA, low
	ZA

	EIRPB, high
	EIRPpeak@B – YB dB

	EIRPB, low
	ZB

	Note: 
EIRPpeak@A and EIRPpeak@B are declared by manufacture.


===================================================================================
4. Conclusion

In this contribution, we discussed how to create spec texts in terms of used metric, definition of switching time on Beam switching speed requirement based on the last agreements. Following proposals are made.
Proposal 1: EIRP should be used as a metric for beam switching speed requirement.

Proposal 2: Definition of t (beams switching time) should be based on absolute EIRP power rather than absolute time.

Proposal 3: Definition of beam switching time (t) should be as below.

t = tend – tstart
tend is the time which EIRP level at direction A becomes equal to or less than EIRPA, low and EIRP level at direction B becomes equal to or larger than EIRPB, high.
tstart is the time which EIRP level at direction A becomes equal to or larger than EIRPA, high and EIRP level at direction B becomes equal to or less than EIRPB, low.
How to set (link with peak EIRP at each direction) EIRPA, high, EIRPA, low, EIRPB, high, and EIRPB, low is FFS.
Proposal 4: Above table 2 can be considered as a baseline to specify each high/low EIRP valus.
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