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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.
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.
RAN4#101-bis-e
Rx beam sweeping scaling factor
· Rx beam scaling factor for FR2-2 need to continue waiting for more RF conclusion on antenna size assumption and power class.




The status in RF session about antenna array assumption in [3] are summarized as follows:
	
Agreement from GTW: Use 8 antenna elements as the assumption for defining minimum requirements
· Check if there is any performance problem. If performance problem is identified and agreed, revisit the agreement.
· The simulation assumptions for co-existence study can be used as baseline in the second round or future meetings for the performance analysis.



It could be observed from RF agreements that for handheld UE, 8 antenna elements are assumed to define the requirements. The EIRP requirements will be further discussed in RF session. Based on the progress, it likely that narrower beam can be assumed with larger antenna elements. Therefore, it is technically reasonable that the related beam sweeping scaling factor should be extended. However, as pointed out by companies in RRM discussion, enlarging the sweeping factors will extend the total delay in FR2-2. Thus, the trade-off problem needs to be carefully considered. 
Proposal 1: Consider increasing the beam sweeping scaling factor in FR2-2.
2.2 Scheduling restrictions
The scheduling restriction was discussed in the last meeting with following agreements:
	Impact of beam switching time on scheduling restrictions
· Scheduling restrictions due to beam switching time need to continue waiting for the conclusion about beam switching time from RF session
· Revisit how to introduce the differentiation in scheduling restriction requirements, if there is RAN1 agreement on UE capability signaling on beam-switching time.

Scheduling restrictions
· Introduce scheduling restrictions for one symbol before and one symbol after the measurement resources (SSB, CSI-RS etc.) during L1 measurements for 480/960kHz SCS
· FFS: Introduce a total of K (due to synchronization error) + L (due to beam switching time) + M (due to propagation delay difference, TA adjustment etc) symbols scheduling restriction before and after SSB transmission – 
· For 480 kHz SCS,
· Option 1: K=2 
· Option 2: K=3
· For 960 kHz SCS, 
· K=3
· L = 1 for 480/960kHz SCS
· FFS: M for 480/960kHz SCS
· Consider propagation delay difference of 3.33us considering FR2-2 coverage of 1km




Based on the discussion in last meeting, companies proposed that there are three components contributing to the scheduling restriction: synchronization error, beam switching time and propagation delay difference, which is valid if we only consider the scheduling restriction requirements. However, by looking at the existing requirements, the symbol-level scheduling restriction are only used when deriveSSB-IndexFromCell is enabled where scheduling restrictions located before and after SSB symbols to be measured. Otherwise, UE is not required to transmit/receive in the whole SMTC window. 
Observation 1: Symbol-level scheduling restriction are only used when deriveSSB-IndexFromCell is enabled.
Based on Observation 1, if the tolerance for frame boundary alignment is 3 SSB symbols when deriveSSB-IndexFromCell is enabled, there is no need to define the scheduling restriction with number of samples larger than 3 SSB symbols.
Observation 2: There is no need to define scheduling restrictions with data samples longer than tolerance for frame boundary alignment for deriveSSB-IndexFromCell.
Then based on Observation 1 and 2, it is import to firstly determine the tolerance for frame boundary alignment for deriveSSB-IndexFromCell. The current status are summarized as follows:
	Tolerance for frame boundary alignment
· Keep the existing requirements, i.e., 2 SSB symbols, for SCS up to 240kHz
· FFS: For 480kHz SCS:
· Option 1a: 3 SSB symbols
· Option 1b: 2 SSB symbols
· FFS: For 960kHz SCS: when deriveSSB-IndexFromCell is enabled
· Option 2a: 3 SSB symbols
· Option 2b: 2 SSB symbols
· FFS: For 960kHz SCS: when deriveSSB-IndexFromCell is disabled
· Option 3a: 6 SSB symbols
· Option 3b: 4 SSB symbols
· FFS: Revise PDSCH symbols to 2 for 480 kHz and to 3 for 960 kHz SCS




For 480 KHz and 960 KHz, it is reasonable to define the tolerance for frame boundary alignment as 3 SSB symbols considering the SSB pattern for FR2-2. 
Proposal 2: Define the tolerance for frame boundary alignment when deriveSSB-IndexFromCell as 3 SSB symbols.
Based on proposal 2, we provide the analysis in case by case manner to elaborate what the scheduling restriction should be.
Table I. Scheduling restriction for different SCS combination 
	SSB SCS (KHz)
	Data SCS (KHz)
	deriveSSB-IndexFromCell tolerance (L1)
	Sync error + propagation delay difference (L2)
	Scheduling restriction including beam swtiching

	120
	120
	/
	/
	Existing requirements

	120
	480
	2 120KHz symbols
	3 480KHz symbol
	(3+1) 480KHz symbols

	120
	960
	2 120KHz symbols
	6 960KHz symbol
	(6+1) 960KHz symbols

	480
	120
	3 480KHz symbols
	1 120KHz symbol
	1 120KHz symbol

	480
	480
	3 480KHz symbols
	3 480KHz symbol
	(3+1) 480KHz symbols

	480
	960
	3 480KHz symbols
	6 960KHz symbol
	(6+1) 960KHz symbols

	960
	120
	3 960KHz symbols
	1 120KHz symbol
	1 120KHz symbol

	960
	480
	3 960KHz symbols
	3 480KHz symbol
	(2+1) 480KHz symbols 

	960
	960
	3 960KHz symbols
	6 960KHz symbol
	(3+1) 960KHz symbols



It should be noted that the SCS combinations in the table are subject to the outcome of the discussion of combinations. For instance, if the SCS of SSB is 960 KHz and the data is 480 KHz, when deriveSSB-IndexFromCell is enabled, it means the frame boundary alignment is within 3 960 KHz. And if only considering the sync error and propagation delay deference (assumed to be 1 km) that UE needs to handle, 3 480KHz symbols are needed. However, as deriveSSB-IndexFromCell is enabled, UE will only search the cell the within 3 960 KHz range. So there is no need to define the scheduling restriction more than that. Thus, the final scheduling restriction is derived by min (L1, L2) and add one additional symbol for beam switching time (2+1 480KHz symbols).
Another issue is how to revise the number of PDSCH symbols in tolerance for frame boundary alignment of deriveSSB-IndexFromCell. It is straightforward that it should be also based on the scheduling restriction in the table. Here we would like to summarize the relation between the tolerance of SSB symbols, scheduling restrictions and tolerance of PDSCH symbols.
(1). Firstly, the tolerance of SSB symbols should be determined as it is the conditions that UE can derived SSB index without PBCH.
(2). Based on (1), the scheduling restriction can be determined in terms of the number of data symbols that UE may use for neighbor cell searching.
(3). Based (2), the number of PDSCH symbols in tolerance of deriveSSB-IndexFromCell should be revised accordingly.
Based on the analysis above, the tolerance for frame boundary alignment and scheduling restrictions are proposed as following table.
Table II. Tolerance for frame boundary alignment and scheduling restrictions
	SSB SCS (KHz)
	Data SCS (KHz)
	deriveSSB-IndexFromCell tolerance of SSB
	deriveSSB-IndexFromCell tolerance of PDSCH symbols
	Scheduling restriction including beam swtiching

	120
	120
	/
	/
	Existing requirements

	120
	480
	2 120KHz symbols
	3 480KHz symbol
	(3+1) 480KHz symbols

	120
	960
	2 120KHz symbols
	6 960KHz symbol
	(6+1) 960KHz symbols

	480
	120
	3 480KHz symbols
	1 120KHz symbol
	1 120KHz symbol

	480
	480
	3 480KHz symbols
	3 480KHz symbol
	(3+1) 480KHz symbols

	480
	960
	3 480KHz symbols
	6 960KHz symbol
	(6+1) 960KHz symbols

	960
	120
	3 960KHz symbols
	1 120KHz symbol
	1 120KHz symbol

	960
	480
	3 960KHz symbols
	2 480KHz symbol
	(2+1) 480KHz symbols 

	960
	960
	3 960KHz symbols
	3 960KHz symbol
	(3+1) 960KHz symbols



Regarding the number of data symbols for scheduling restriction. For instance, for (960 and 960), according to table II, there should be 4 symbols for scheduling restrictions including one symbols for beam switching. Companies commented in last meeting that the interval between two SSB index is 3 symbols (2, 3, 4, 5; 9, 10, 11, 12), then how to accommodate 4 symbols scheduling restriction. From our understanding, they are not contradicting to each other as the scheduling restrictions are defined per unit of SSB symbols to be measured. In the exiting requirements, SSB index could be allocated adjacently, but the scheduling restriction is still defined as one data symbol before and after SSB to be measured.
Observation 3: The scheduling restriction is defined per unit of SSB symbols to be measure and there is no need to consider the scheduling restriction on multiple unit of SSB symbols to be measured jointly.
Proposal 3: Define tolerance for frame boundary alignment and scheduling restrictions based on Table II.
Another issue about deriveSSB-IndexFromCell is whether to define frame boundary alignment when it is disabled. It is agreed in last meeting that for 960 KHz, whether deriveSSB-IndexFromCell is enabled or not is up to NW configuration. Companies proposed that even when deriveSSB-IndexFromCell is disabled in 960 KHz, the frame boundary alignment can also be kept at same level as 480KHz even the SSB index cannot be derived directly. Thus, UE can also obtain the SSB index without PBCH decoding but only with PBCH DMRS sequence index. From our understanding, it is a feasible implementation that UE can determine the possible SSB positions only by LSB bits by DMRS index. And with the assumption of frame boundary alignment, UE can tell the exact SSB index. From RRM requirements perspective, less samples are assumed when PBCH decoding is not needed. However, from our understanding, it is one kind of specific UE implementation. It is suggested to define a generic requirements which can leave more flexibility to both UE and NW. Thus, it is suggested not to define frame boundary alignment tolerance when deriveSSB-IndexFromCell is disabled and define requirements for SSB index detection in a generic approach.
Proposal 4: Not to define frame boundary alignment tolerance when deriveSSB-IndexFromCell is disabled and define requirements for SSB index detection in a generic approach.

3. Conclusions
Proposal 1: Consider increasing the beam sweeping scaling factor in FR2-2.
Observation 1: Symbol-level scheduling restriction are only used when deriveSSB-IndexFromCell is enabled.
Observation 2: There is no need to define scheduling restrictions with data samples longer than tolerance for frame boundary alignment for deriveSSB-IndexFromCell.
Proposal 2: Define the tolerance for frame boundary alignment when deriveSSB-IndexFromCell as 3 SSB symbols.
Observation 3: The scheduling restriction is defined per unit of SSB symbols to be measure and there is no need to consider the scheduling restriction on multiple unit of SSB symbols to be measured jointly.
Proposal 3: Define tolerance for frame boundary alignment and scheduling restrictions based on Table II.
Proposal 4: Not to define frame boundary alignment tolerance when deriveSSB-IndexFromCell is disabled and define requirements for SSB index detection in a generic approach.
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