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1. Introduction 
In the last NR AH#2 meeting, there are extensive discussions on beam fluctuation and switching speed requirement, some progress was achieved for beam fluctuation justification, however for beam switching speed requirements, more and more concerns or factors are put on table for further discussion. Therefore in this contribution, we want to share some further considerations. 
2. Discussion  
In the approved WF [3], there are several concerns raised as below. In the following section, we try to respond these sub-bullets one by one for further discussion.
	· If requirement description becomes agreed, RAN4 introduces the requirement in core spec. 

· This aspect will be an issue for the BS which has analog beam forming functionality. (No issue for Digital BF only BS)

· This is RF requirement, not for BB nor RRM requirement. (As already mentioned in previous agreement) 

· The requirement is only needed for range 2

· Open issues;

· Assumed beam switching scenario

· How much speed is needed to track single UE with high speed mobility

· To change the beam direction for different UEs between a certain time units. E.g. frame to frame, sub-frame to sub-frame, OFDM symbol to OFDM symbol, or other time unit, is required to avoid data loss. 

· Consider the switching speed capability of various implementations (analog steering, beam switching etc..) and compare to the switching scenario requirement. 

· Feasibility of OTA testing of this requirement should be studied further.
· Applicability of the requirement is FFS. (e.g., BS power class, Analog or Digital BF etc.) 

Even if feasibility is not identified by November, RAN4 would consider whether to introduce the requirement in core spec only (without testing) or not
· Questions to answer for beam switching speed

· Does the beam switching speed need to be any faster than needed for SS beam switching ?

· If not, is a requirement needed since, if SS beam switching would not work properly then basic access would not work

· What would be the metric for the beam switching requirement ?

· What test setup would be needed for the beam switching requirement ?


1) How much speed is needed to track single UE with high speed mobility.
[ZTE]: Beam switching requirement is only applicable for range2 NR BS which has the analog phase shifter implemented for beam switching, therefore it’s necessary to further investigate how mmWave NR BS track the UE mobility. In general, after initial access procedure, UE need to report beam related measurement results to network and then network side could determine to use which beam to serve the UE which can be called beam management in RAN1, therefore there would some latency between different serving beams considering measurement/report period at UE side and scheduling time at BS side. Therefore how much speed is needed for tracking UE is not only decided by UE mobility speed, but also some procedures for UE beam measurement/report and network scheduling. In addition, the target UE mobility speed is 30km/h, for other higher speed UE, it’s optional to support at least according to the simulation assumption in the TR38.802. 
Table A.1.6-2: Link-level evaluation assumptions for DMRS for data channel (30 GHz) [TR38.802]
	Assumptions
	Value

	Carrier frequency
	30 GHz

	UE speed
	-
3 km/h,30km/h 
-
120km/h (optional)
-
500km/h (optional for high speed train)

	NOTE 1:
R1-1611012
NOTE 2:
3GPP TR38.802, Table A.2.1-2: System level evaluation assumptions for High-speed train, Urban grid for eV2X, and Highway for eV2X

NOTE 3:
3GPP TR36.873_v210, Table 7.1.1 Antennal element vertical & horizontal radiation pattern


 Observation 1: how much speed is needed for tracking UE is not only decided by UE mobility speed, but also some procedures for UE beam measurement/ report and network scheduling. 
2) To change the beam direction for different UEs between a certain time units. E.g. frame to frame, sub-frame to sub-frame, OFDM symbol to OFDM symbol, or other time unit, is required to avoid data loss. 
[ZTE]: Beam switching between neighboring SS block should be most stringent case as the beam switching from OFDM symbol to OFDM symbol where shortest transient period is needed to avoid performance degradation. 

Observation 2: Beam switching between neighboring SS block should be most stringent case.

3) Consider the switching speed capability of various implementations (analog steering, beam switching etc..) and compare to the switching scenario requirement.
[ZTE]: for different types of phase shifter mentioned during the last meeting, for some analog phase shifter, then phase shifter transient period could be around 100ns with low insertion loss; for some switch based phase shifter, like GaAs or PIN diode switch, the phase shifter transient period would range from 10ns to 100ns [4], however the switch based phase shifter will have relatively larger insertion loss, therefore to compensate this insertion loss, then power consumption of RRU would be higher. 
For the switching scenario requirement, we could differentiate this from different aspect as following:

1) Physical layer: 

Beam switching between neighboring SS block should be most stringent case as the beam switching from OFDM symbol to OFDM symbol where shortest transient period is needed. 

2) Deployment scenario: 

For mmWave NR BS, there are mainly three different deployment scenario, urban macro, dense urban and indoor hotspot. For the second and third scenario, targeted serving UE is supported as semi-static or with low mobility speed as indicated in the above Table. For urban macro scenario, as 120km/h and 500km/h is optional, therefore we also think this targeted serving UE is moving with low speed like 30km/h, but experienced SNR at the cell edge would be lower than that in other scenarios. 

If it is necessary to further evaluate the impact of beam switching speed on the SS beam switching, the cell edge UE in urban macro scenario could be selected as worst case. 
Proposal1: If it is necessary to further evaluate the impact of beam switching speed on the SS beam switching, the cell edge UE in urban macro scenario could be selected as worst case. Beam switching speed start from 100ns for further evaluation. 
4) Feasibility of OTA testing of this requirement should be studied further.
[ZTE]: if necessary, the method proposed in the contribution [4] could be one option for test setup. 

	The time it takes to disappear form A (when steered to B) and then the time it takes to appear at A (when steered from B). 


Proposal2 : if necessary, the approach mentioned in the contribution [4] could be one option for test setup.  
5) Applicability of the requirement is FFS. (e.g., BS power class, Analog or Digital BF etc.) 

[ZTE]: For different power class, the same type of phase shifter would be implemented which means the same switching speed could be achieved, therefore we think this requirement should be applicable for all power class. In addition, for the Digital BF, as mentioned in previous meetings, this beam switching behavior is almost instantaneous. Even this requirement is also applicable for Digital BF, like range1 NR BS, there are no requirements or restrictions imposed on any specific RF component. Therefore it seems quite unnecessary to specify this requirement for Digital BF especially considering additional testing cost.

Proposal3 : if necessary, this requirement should be applicable for all power class of range2 NR BS. 

6) Does the beam switching speed need to be any faster than needed for SS beam switching?

· If not, is a requirement needed since, if SS beam switching would not work properly then basic access would not work
[ZTE]:  Prior to answer this question, some terms should be further clarified in RAN4 for better understanding. First term is SS beam switching which refers to beam sweeping procedure. In general, during the SS burst set, the BS should sweep across all the transmission beams to guarantee the cell coverage. In the Figure1 and Figure2 for mmWave NR BS, one round of SS beam sweeping procedure should be finished within 4ms and 2ms for SCS 120KHz and 240KHz respectively.
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
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Figure 1: SS blocks mapping within SS burst set for frequency range from 6 GHz to 52.6 GHz and 120 kHz SCS

[image: image2.emf]5ms 5ms

SSB0 SSB1

D

C

D

C

Two 240kHz slots with 28 OS

(0.125ms)

......

SS burst set periodicity = 20ms

(64 SS blocks)

5ms

......

D

C

5ms 5ms 5ms

...

SSB2 SSB3

D

C

D

C

U

C

U

C

D

C

U

C

U

C

2ms


Figure 2: SS blocks mapping within SS burst set for frequency range from 6 GHz to 52.6 GHz and 240 kHz SCS
Second term is beam switching which mainly refers how the BS tracking the UE mobility. In fact, after initial access procedure, UE need to report beam related measurement results to BS and then BS side could determine to use which beam to serve the UE which can be called beam management in RAN1, therefore there would some latency between different serving beams considering measurement period at UE side and scheduling time at BS side.

No matter for beam switching for tracking specific UE or SS beam switching, beam switching speed around 100ns is fully sufficient compared with the required switching period. 
Observation3 : beam switching speed 100ns is fully sufficient compared with required switching period for SS switching and switching serving beams for target UE. 
7) What would be the metric for the beam switching requirement?
[ZTE]: if necessary, EIRP should be used as measurement metric, as this measurement metric could mitigate the additional delay cause by TRP measurement and this is also the most direct test method. 
Proposal4 : if necessary, EIRP should be used as measurement metric

8) What test setup would be needed for the beam switching requirement?
[ZTE]: the same answer as that for question 4. 
3. Conclusions
In this proposal, we shared some further considerations on the beam switching speed requirement of NR BS and proposals are made as following:
Observation 1: how much speed is needed for tracking UE is not only decided by UE mobility speed, but also some procedures for UE beam measurement/ report and network scheduling.
Observation 2: Beam switching between neighboring SS block should be most stringent case.

Proposal1: If it is necessary to further evaluate the impact of beam switching speed on the SS beam switching, the cell edge UE in urban macro scenario could be selected as worst case. Beam switching speed start from 100ns for further evaluation. 
Proposal2 : if necessary, the approach mentioned in the contribution [4] could be one option for test setup.
Proposal3 : if necessary, this requirement should be applicable for all power class of range2 NR BS. 

Proposal4 : if necessary, EIRP should be used as measurement metric.
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