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1. Introduction
NR specific BS requirements are discussed in the last several meetings, and WF [1] agrees some action points and/or several options on beam switching speed requirement.

This contribution mainly discusses how much beam switching speed will be required by taking into account PSS/SSS/PBCH design agreed in RAN1.
2. Background
2.1. Current agreements in RAN4
In [1], open issues and questions are summarized as below. (Note: the texts highlighted in gray are the same with previous agreement [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 ?

In this contribution, mainly we discuss above red parts. In our understating, at least SS/PBCH beam sweeping should be quickly changed to different direction. How much PDSCH beam switching is required will depend on the PDSCH allocation unit.

2.2. Current agreements in RAN1
Firstly, in order to consider SS/PBCH beam sweeping (switching) speed, we have summarized RAN1 agreement in below [3-6].
==== from Draft_Minutes_report_RAN1#89_v020 [3]====

R1-1709612
WF on NR SS measurement duration 
Intel Corporation, InterDigital, MediaTek, Qualcomm, Samsung, Ericsson

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
==== from Draft_Minutes_report_RAN1#AH_NR2 [4]====

R1-1711899
Way forward on the mapping of SS blocks
Nokia
Agreements:
· Agree on pages 5, 7, 8 (30 kHz subcarrier spacing case) in R1-1711899
· Working assumption on pages 9, 10 (120, 240 kHz subcarrier spacing cases) in R1-1711899
· Working assumption can be revisited if there are serious implications to UE AGC operation. 
Agreements:
· For 15 kHz subcarrier spacing case,

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11

R1-1711939
Way forward on the mapping of SS blocks with 30kHz SCS
Huawei, HiSilicon, CATT, CATR, OPPO, MediaTek, Vivo

Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern  is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols  2-5

· Second candidate location is at symbols 8-11

· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band
====from page 7, 9, 10 in [5]====

For 30 kHz sub-carrier spacing;
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For 120 kHz sub-carrier spacing;
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For 240 kHz sub-carrier spacing;
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From above agreements in RAN1, it is found that SS blocks (1 SS block = 4 OFDM symbols in above figures) will be next to each other without any guard time in some cases.
Observation 1: SS blocks (1 SS block consists of a few OFDM symbols) will be next to each other without any guard time at least for SS SCS = 30 kHz, 120 kHz or 240 kHz cases.
3. Discussion
3.1. Required beam switching speed for SS
In our understating, how to map PSS/SSS/PBCH on 1SS block (4 OFDM symbols in above figures) has not been agreed yet in RAN1. However, it is required to transmit PSS/SSS/PBCH signals to the BS coverage area without any omission, since these signals are quite important for initial access. If BS beam width for those signals is narrower than the BS coverage area, beam sweeping (beam switching) of SS blocks is required and different SS blocks are transmitted to different directions. How many beams need to be transmitted depend on the required coverage area and BS beam width.
1 SS block (4OFDM symbols) time length for each SS SCS is summarized in table 1.
Table 1: SS block length for each SS SCS
	SS SCS
	1 SS block (4 OFDM symbols)

	15 kHz
	4/14 = 0.286 [ms]

	30 kHz
	4/(14*2) = 0.143 [ms]

	120 kHz
	4/(14*8) = 0.0357 [ms]

	240 kHz
	4/(14*16) = 0.0179 [ms] = 17.9 [µs]


For example, 240 kHz SS SCS case, SS block length is 0.0179 ms = 17.9µs, it is almost the same with E-UTRA TDD ON/OFF transient period length 17 [us]. And 4 SS blocks are next each other without guard time. It is required that BS need to switch own beams to different directions with almost no elapsed time. Beam switching delay would cause initial access performance degradations. I.e., OFDM symbol to OFDM symbol level beam switching speed is strongly required on NR SS.
How many beams can be created simultaneously would depend on the BS implementation. For example, several beams can be created by using separate panels. However, the required beam switching speed (delay) should be the same regardless of BS implementation.
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Figure 1: SS block time length for 240 kHz SS SCS
Observation 2: It is required that BS need to switch own beams to different directions with almost no elapsed time. Beam switching delay would case initial access performance degradations.
How much beam switching delay can be permissible should be evaluated considering RAN1 SS design. Thus we propose to discuss feasible beam switching time delay in RAN4, and RAN4 should send LS to RAN1 to ask whether the value is permissible or not. By taking into account the permissible delay, RAN4 should specify the required beam switching speed requirement.
Observation 3: How much beam switching speed is needed (delay can be permissible) should be evaluated considering RAN1 SS design.
Proposal 1: Interested companies provide the feasible beam switching time delay on analog beamforming BS. RAN4 should send LS to RAN1 to ask whether the value is permissible or not.
Proposal 2: RAN4 should specify the required beam switching speed requirement taking into account the permissible delay.
4. Conclusion

In this contribution, we provided considerations and proposals on “Beam steering speed” requirements based on the last agreements and agreed RAN1 SS design. Following observations and proposals are obtained.
Observation 1: SS blocks (1 SS block consists of a few OFDM symbols) will be next to each other without any guard time at least for SS SCS = 30 kHz, 120 kHz or 240 kHz cases.

Observation 2: It is required that BS need to switch own beams to different directions with almost no elapsed time. Beam switching delay would case initial access performance degradations.

Observation 3: How much beam switching speed is needed (delay can be permissible) should be evaluated considering RAN1 SS design.
Proposal 1: Interested companies provide the feasible beam switching time delay on analog beamforming BS. RAN4 should send LS to RAN1 to ask whether the value is permissible or not.

Proposal 2: RAN4 should specify the required beam switching speed requirement taking into account the permissible delay.
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