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1. Introduction
The requirements of NR operation in FR2-2 was discussed in last RAN4 meeting, and the agreements and open issues are captured in the WF [1]. In this paper, we further provide our views on these left issues in terms of beam sweeping factor and scheduling restrictions.
2. Discussion
2.1 Scaling factor for RX beam sweeping
The assumption of RX beam sweeping factor was discussed in previous meetings with following agreements:
	RAN4#100e
Issue 1-2-1: Rx beam sweeping scaling factor
GTW agreements:
· Rx beam sweeping scaling factor
· Further study whether new scaling factor is needed for FR2-2 considering RF session conclusions on UE antenna array assumptions and UE power classes and the difference with FR2-1 assumptions
· Rx beam sweeping factor from FR2-1 can be used as a starting point for analysis

RAN4#101e
Rx beam sweeping scaling factor
· Wait for more agreements from RF session before deciding the Rx beam scaling factor for FR2-2.



The status in RF session about antenna array assumption in [2] are summarized as follows:
	
Agreement:
· Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension.
· Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna elements
· Address the concerns related to the following identified factors into the next meeting

Array element size compared to FR2-1
	No agreement reached on this topic in RAN4 #101-e
Considering the agreement ’include multiple antenna numbers’, what should we include. Choose more than one.
Previous agreement from R4-21149489
Agreement: Focus primarily on antenna element numbers as they are related to directivity. Consider the possibility of use directivity as a factor in developing the spec as an alternative if it appears to be a more efficient way to come to a requirements agreement.
No further agreement reached in RAN4 #101-e

Vehicular UE antenna array assumption

Agreement based on the majority of companies
Option 1:  Vehicular array size is equal to or larger than the handheld

FWA UE antenna array assumption

Agreement: If a single power class is defined for FWA in Rel-17, the number of antenna element assumption is anywhere in the range between 32 and 64 elements.



It could be observed from RF agreements that some progress were made in last meeting. For example, the number of antenna element assumptions for FWA is at least larger than that of current FR2-1. For other power class, RF will further discuss the antenna numbers assumptions. Thus, it seems RRM is not able to make the decision and more RF agreement is needed.
Observation 1: The RX beam sweeping factor should be further discussed with more RF conclusion on antenna size assumption and power class.
2.2 Scheduling restrictions
The scheduling restriction was discussed in the last meeting with following agreements:
	Scheduling restrictions 
· Scheduling restrictions due to beam switching time to continue waiting for the conclusion about beam switching time from RF session
· Assumptions on deriveSSB-IndexFromCell 
· Do not change cell phase synchronization accuracy
· For 120kHz SCS
· deriveSSB-IndexFromCell is always enabled
· For 480kHz and 960kHz SCS
· Option 1: deriveSSB-IndexFromCell is always enabled
· Option 1A: revisit UE assumptions on the maximum timing difference between the reference cell and target cell from 2 SSB symbols to a larger value
· Option 1B: introduce [1-3] symbols scheduling restriction before and/or after SSB transmission
· Option 2: deriveSSB-IndexFromCell may be either enabled or not enabled and up to network configuration
· FFS whether to have different approaches for licensed/unlicensed bands



Regarding the indication of deriveSSB-IndexFromCell, it means UE can determine the SSB index of neighbour cell without decoding the PBCH for SSB index. According to RAN1 agreement about SSB pattern which is shown below:
	RAN1#106e
Agreement:
For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.

RAN1#107e
Agreement
· For 480 kHz, slot index, n, that contain SSB are:
· n = {0,1,2,3,4,5,6,7, 8,9,10,11,12,13,14,15, 16,17,18,19,20,21,22,23, 24,25,26,27,28,29,30,31}
· For 960 kHz, slot index, n, that contain SSB are:
· n = {0,1,2,3,4,5,6,7, 8,9,10,11,12,13,14,15, 16,17,18,19,20,21,22,23, 24,25,26,27,28,29,30,31}




Based on RAN1 agreement about SSB pattern for 480/960KHz, the minimum spacing between two consecutive candidate SSB positions is 3.5 symbols as shown in following Fig. It means if the frame boundary alignment is within a tolerance not worse 3.5 SSB symbols, then UE is able to determine the SSB index without PBCH decoding.

[image: ]
Fig I. SSB pattern for 480/960 KHz.
Observation 1: If the frame boundary alignment is within a tolerance not worse 3.5 SSB symbols, then UE is able to determine the SSB index without PBCH decoding. 
Based on the discussion in last meeting, one options is to keep the definition of deriveSSB-IndexFromCell unchanged and it cannot be assumed always enabled in FR2-2. Another option is to reconsider the definition of deriveSSB-IndexFromCell and allowed more symbols with scheduling restrictions. Firstly, as analysed above, for 480 and 960 KHz, if the frame boundary alignment is within a tolerance not worse 3.5 SSB symbols, then UE is able to determine the SSB index without PBCH decoding. And in current definition of deriveSSB-IndexFromCell, length of one data symbol is also considered as UE is only required to measure on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured. For operation in FR2-2, if UE is only required to measure SSBs with timing difference within 1 data symbol, only part of neighbour cells could be found with 3 us cell phase synchronization accuracy unchanged. Thus, it is reasonable to extend number of symbols for scheduling restriction before and after SSB to be measured. 
Observation 2: Legacy scheduling restriction of 1 data symbol before and after SSB to be measure is not sufficient for operation in FR2-2 with 480 and 960 KHz SCS with cell phase synchronization accuracy unchanged. 
Considering 3 us cell phase synchronization accuracy and the symbol length of 480 and 960 KHz, it is reasonable to introduce 2 symbols and 3 symbols scheduling restrictions before and after SSB to be measured. 
Observation 3: Based on the consideration of synchronization assumption, it is reasonable to introduce 2 symbols and 3symbols scheduling restrictions before and after SSB to be measured.
Another aspect is beam switching time which has been discussed for several meetings in RF session. In legacy requirements, the beam switching time can be absorbed within CP. However, for operation in FR2-2 with 480 and 960 KHz, length of CP is extremely short when the time for beam switching can not be ignored. Based on current status in RF session [3] as shown below, the tentative agreements is 200 ns. Which means one data symbol may be interrupted for beam switching for 480 and 960 KHz. 
	Beam direction-only switching time assumption
-	Proposals:
-	Option 1: 200 nsec for all SCS (Huawei, vivo, Apple, MediaTek, Qualcomm, OPPO)
-	Option 2: 50 nsec for all SCS (Nokia, Ericsson)
-	Option 3: 200 ns is too long, this requires more discussion (Ericsson)
-	Recommended WF by Moderator in the first round:
-	Option 1
-	Tentative agreement based on majority view:
-	Option 1 (200 nsec for all SCS)
NOTE: no agreement was reached on this topic




Observation 4: One more data is needed for scheduling restriction for beam switching.
Thus, apart from 2/3 symbols scheduling restrictions considering synchronization, one more data of scheduling restriction for beam switching is needed.  
Proposal 1: For L3 measurement, introduce scheduling restrictions of 3/4 data symbols before each consecutive SSB symbols to be measured and 3/4 data symbols after each consecutive SSB symbols to be measured for 480/960 KHz.
Thus, based on the analysis above, the definition of deriveSSB-IndexFromCell need to be reconsidered. It is suggested to update the tolerance as min(3.5 SSB symbols, 2 PDSCH symbol) for 480 KHz and min(3.5 SSB symbols, 3 PDSCH symbol) for 960 KHz.
Proposal 2: It is suggested to update the assumption of deriveSSB-IndexFromCell for operation in FR2-2 as frame boundary alignment across cells on the same frequency carrier is within a tolerance not worse than min(3.5 SSB symbols, 2 PDSCH symbol) for 480 KHz and min(3.5 SSB symbols, 3 PDSCH symbol) for 960 KHz. And deriveSSB-IndexFromCell can be assumed always enabled in FR2-2.
For L1 measurement (e.g. RLM/BFD/CBD/L1-RSRP), there is no need to consider the symbols for synchronization but only the beam switching time. Currently the scheduling restriction for L1 measurement only apply to symbols configured for L1 measurement. Based on analysis above, additional symbols before and after symbols configured for L1 measurement is needed.
Proposal 3: For L1 measurement, introduce scheduling restrictions of 1 data symbols before each RS to be measured and 1 data symbols after each RS to be measured for 480/960 KHz.
2.3 Measurement procedure
Regarding whether to extend the requirements for Cell detection, PBCH detection for SSB index acquisition and SSB measurement, current status are summarized as follows:
	Measurement procedures
· Measurement capability
· As a starting point, reuse FR2-1 measurement capability of number of cells and beams for FR2-2.
· FFS - Cell detection, PBCH detection for SSB index acquisition, SSB measurements
· Channel model to be considered for FR2-2
· Option 1: Channel model from RAN1
· Option 2: FR2-1 channel models
· Further discuss whether additional samples are needed




For cell detection, whether to extend the current requirements may depend on the channel model to be considered. It could be observed from [4] that more attempts are needed for TDL-C channel model than that of TDL-A. In our contribution in last meeting [5], simulation results are provided based on the channel model TDL-A 5/10/20 as used in TS 38.808 for link level simulation. We further provide simulation results for cell detection for TDL-A 30 and TDL-C 60 based on the same simulation assumptions in [5]. The results for 480 and 960K SCS are shown as follows:
Table I．Simulation results of cell detection for 480 KHz (SINR = -6 dB)
	Propagation channel
	case
	90 percentiles of the PSS/SSS acquisition time

	TDL-A 30
	case 1
	2

	
	case 2
	3

	
	case 3
	2

	
	case 4
	2

	TDL-C 60
	case 1
	3

	
	case 2
	3

	
	case 3
	3

	
	case 4
	3



Table II．Simulation results of cell detection for 960 KHz (SINR = -6 dB)
	Propagation channel
	case
	90 percentiles of the PSS/SSS acquisition time

	TDL-A 30
	case 1
	3

	
	case 2
	3

	
	case 3
	3

	
	case 4
	2

	TDL-C 60
	case 1
	3

	
	case 2
	5

	
	case 3
	3

	
	case 4
	4



It could be observed that under channel model TDL-C 60, more time is needed for cell detection. In the legacy requirements, 5 samples are assumed in FR2-1. It means even consider TDL-C 60 channel model, the requirements for cell detection can still apply. Considering the high level principle on channel principles to be considered. We prefer to consider the channel model from RAN1 in TS 38.808 TDL-A 5/10/20 for operation in FR2-2. 
Proposal 4: Requirements for cell detection and SSB measurement for FR2-1 can apply to FR2-2 considering channel model from RAN1.

3. Conclusions
Observation 1: If the frame boundary alignment is within a tolerance not worse 3.5 SSB symbols, then UE is able to determine the SSB index without PBCH decoding. 
Observation 2: Legacy scheduling restriction of 1 data symbol before and after SSB to be measure is not sufficient for operation in FR2-2 with 480 and 960 KHz SCS with cell phase synchronization accuracy unchanged. 
Observation 3: Based on the consideration of synchronization assumption, it is reasonable to introduce 2 symbols and 3symbols scheduling restrictions before and after SSB to be measured.
Observation 4: One more data may be needed for scheduling restriction for beam switching.
Proposal 1: For L3 measurement, introduce scheduling restrictions of 3/4 data symbols before each consecutive SSB symbols to be measured and 3/4 data symbols after each consecutive SSB symbols to be measured for 480/960 KHz.
Proposal 2: It is suggested to update the assumption of deriveSSB-IndexFromCell for operation in FR2-2 as frame boundary alignment across cells on the same frequency carrier is within a tolerance not worse than min(3.5 SSB symbols, 2 PDSCH symbol) for 480 KHz and min(3.5 SSB symbols, 3 PDSCH symbol) for 960 KHz. And deriveSSB-IndexFromCell can be assumed always enabled in FR2-2.
Proposal 3: For L1 measurement, introduce scheduling restrictions of 1 data symbols before each RS to be measured and 1 data symbols after each RS to be measured for 480/960 KHz.
Proposal 4: Requirements for cell detection and SSB measurement for FR2-1 can apply to FR2-2 considering channel model from RAN1.
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