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Introduction
The WF for extending current NR operation to 71 GHz [1] was approved in RAN#101-e meeting.  In this contribution we present some proposals on general requirements.
Disucssion
The issue related to scheduling restrictions agreed in WF is captured in below:
Scheduling restrictions
	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



'deriveSSB-IndexFromCell'
The major issue is that 'cell phase synchronization accuracy', 'deriveSSB-IndexFromCell' and 'scheduling restriction' are not all in sync.
To begin, section 6.5.3 of TS38.133 has three TAE criteria for cell phase synchronization. We highly recommend using cell phase sync = 3μs as a reference input in this case. This is so that we may apply the same transmission equipment that we used for FR1 and FR2-1 for FR2-2.
	6.5.3 Time alignment error in 38.104
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns. 
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns. 
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3μs.



The purpose of the 'deriveSSB-IndexFromCell' study which firstly was raised in RAN1#94 aimed to reduce handover latency and UE processing requirements in cases where the UE knows the SSB index and half-frame bit to determine the start of the radio frame, i.e. the UE should determine the frame boundary, and if necessary, the SFN, without having to decode the BCH payload, i.e. by relying solely on the PBCH.
	· For L=64
· For intra frequency handover to a target cell in FR2 in same frequency layer, the UE can determine the start of the frame and the SFN based on the timing of the source cell or a cell on the same frequency as the target cell.
· UE can always assume that the cells are synchronized as per RAN4 agreement
· For inter frequency handover to a target cell in FR2, it is up to UE implementation to determine the start of the frame and the SFN on the target cell. 



After agreements in RAN1, following WF in RAN4 AH 1801, the issue on ‘deriveSSB-IndexFromCell’ was studied in RAN4 and relied on decision by RAN4.
	· Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled
· Regarding the value of “X”,
· Option 1: X = [1]
· Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered
· SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception
· SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception



In one of proposals in RAN4, said that it is necessary to ensure that the receiving timing difference between serving cell and neighbour cell does not exceed half of the minimum time difference between the first symbols of two SSBs in order to derive the correct index. This is the safest solution to deal with various complex SSB cases with different SCS, even though it differs significantly from the original approach studied in RAN1. 
After that, 'deriveSSB-IndexFromCell' is defined as follows, assuming that the timing difference between these two cells is smaller than two SSB OFDM symbols:
	When deriveSSB-IndexFromCell is enabled, the UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than min(2 SSB symbols, 1 PDSCH symbol) and the SFNs of all cells on the same frequency carrier are the same.



Meanwhile, in order to accomplish the required two SSB OFDM symbols, the realistic neighbor cell timing error, includes beam switching time, TAE/MRTD and AGC stabilization, must be at least two SSB OFDM symbols short, i.e. 200ns+ 3 μs + 1.5 μs =4.7 μs shall be less than 2 symbol length. Unfortunately, when compared to the symbol lengths in Table 2, realistic timing error somewhat surpasses 2 symbols in 480KHz and greatly exceeds 2 symbols in 960KHz.
[bookmark: _Ref89738974]Table 2 Symbol duration and CP length for subcarrier spacings with normal CP.
	SCS (kHz)
	60
	120
	240
	480
	960

	Symbol duration (us)
	16.67
	8.33
	4.17
	2.08
	1.04

	CP length (us)
	1.17
	0.59
	0.29
	0.15
	0.07



Besides of the general requirement to be less than 2 SSB symbols,  we need to further check if specific SSB pattern for 480KHz SCS and 960KHz SCS can help to mitigate the issue as follows.
According to the SSB pattern agreements in RAN1 #106b_e, the least timing difference between successive SSB indices is 7 symbols, hence the validity of 'deriveSSB-IndexFromCell' asks a 3,5 OFDM symbol timing offset in terms of RAN4's original requirements. 3.5 OFDM symbols at 960 kHz is 3,64 μs, which still isn’t long enough and  falls into the 4.7 μs.
	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.
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.
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Observation 1: 2 SSB symbols in ’deriveSSB-IndexFromCell’ cannot be kept in terms of the RAN4 considerations on ‘the receiving timing difference between serving cell and neighbour cell does not exceed half of the minimum time difference between the first symbols of two SSBs in order to derive the correct index’.
The essential concern is whether 'deriveSSB-IndexFromCell' may be loosened from two SSB symbols if the initial objective was that 'the UE should establish the frame boundary, and if required, the SFN, without having to decode the BCH payload.' The following texts are included in 38.211 and are based on several proposals, such as R1-1811099.
	For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses 𝐿max=4, the UE may assume the absolute value of the time difference between radio frame 𝑖 in the current cell and radio frame 𝑖 in the target cell is less than 153600𝑇s if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms. 
For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell is in unpaired spectrum and uses 𝐿max=8, the UE may assume the absolute value of the time difference between radio frame 𝑖 in the current cell and radio frame 𝑖 in the target cell is less than 76800𝑇s.



	 
In case 3 (i.e. target cell with unpaired spectrum in FR2), the three least significant bits of the SS/PBCH block index are conveyed by the PBCH DMRS. The UE is not able to determine SS/PBCH block index by just receiving the PBCH DMRS. In this case, the UE is not able to determine the start of the frame without a more stringent timing requirement between the target cell and the source cell. 



Referring to RAN1’s study and SSB pattern, when the SSB has a subcarrier spacing of 480 KHz, synchronization accuracy between the source and the target cell of [67.6] μs is required for the UE to be able to determine the start of the frame in the target cell without having to decode the BCH channel.
Observation 2: ‘deriveSSB-IndexFromCell’ can allow timing error far more than time length of 2 SSB symbols in terms of the RAN1 considerations on ‘'the UE should establish the frame boundary, and if required, the SFN, without having to decode the BCH payload.’.
Proposal 1: 2 symbols for boundary alignment tolerance in ‘deriveSSB-IndexFromCell’ is kept for SCS up to 240KHz. 
Proposal 2: Because ‘deriveSSB-IndexFromCell is enabled’ is equal to ‘the neighbour cell is synchronous with the serving cell’ from practice perspective, we suggest that: 
· boundary alignment tolerance in ‘deriveSSB-IndexFromCell’  is relaxd to [4.7] μs or corresponding SSB/data symbols for 480KHz and 960KHz, which indeed meets synchronization requirement.
Observation 3: In 38.133, the statement ‘ the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled)’ implies enabled deriveSSB-IndexFromCell equal to synchronization. If synchronization requirement is met and UE can identify frame boundary without decoding the BCH payload, deriveSSB-IndexFromCell shall be enable. 
Observation 4: scheduling restriction shall be updated also upon boundary alignment tolerance change in ‘deriveSSB-IndexFromCell’.

Scheduling restrictions on L1 measurement
The main issue concerns that beam switching time and synchronization for large SCS influence scheduling restriction for L1/L3 measurement.
First of all, related to beam switching time, RAN4 tentatively agreed [59 ns] for gNB beam switching time and [200] ns for UE beam switching time is not agreed finally. For 120KHz and 240KHz, the beam switching gap can be implemented within a CP length of an OFDM symbol (e.g. the minimum CP length is 0.29 us for 240 kHz as shown in Table 2). However, for NR 52.6 to 71 GHz, the CP length for 480 kHz and 960 kHz are much smaller (as shown in Table 1).
On other hand, UE capability for Rx and Tx beam switching time was discussed in RAN1 #107_e, but no feedback from RAN4 still.
	Although majority companies are fine with introducing a UE capability for Rx and Tx beam switching time between adjacent DL signals/channels and adjacent UL signals/channels, respectively. Whether to introduce a specification on UE expectation or not needs more discussion. Given the situation, there’s no approved agreement for this issue. 



Proposal 3: If RAN1 can get agreement on introducing UE capability signaling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements. 
If UE’s beam switching time influents adjacent symbol, L1 measurement shall consider the side effect on following sections 9.5.6.3, 8.5.7.3 and 8.5.8.3 in TS38.133.
	9.5.6.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-perssitent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.



	8.5.7.3	Scheduling availability of UE performing beam failure detection on FR2
The following scheduling restriction applies due to beam failure detection.
-	For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured and is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON
-	There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.
When inter-band carrier aggregation in FR2 is performed, there are no scheduling restrictions on FR2 serving cells in the bands due to beam failure detection performed on FR2 serving cell(s) in different band(s), provided that UE is capable of independent beam management on this FR2 band pair. Additionally, there is no scheduling restriction if the UE is configured with different numerology between SSB on one FR2 band and data on the other FR2 band provided the UE is configured for IBM operation for the band pair.



	8.5.8.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to candidate beam detection
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.



Without scheduling restrictions in one symbol before and after consecutive SSB or CSI-RS symbols, L1 measurements for beam management may partly overlap e.g., with PDCCH or PDSCH reception and so on, once beam switching time is longer than CP, or even comparable to the CP length of 73ns in 480kHz and 146ns in 960kHz, a full symbol gap needs to be considered for 960k Hz and 480 kHz is needed. As a result, we suggest the following network scheduling limitation.
Proposal 4: Introduce scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time(together with other impairments) influence adjacent symbols.

Scheduling restrictions on L3 measurement
Rearding existing requirements, for measurements in SMTC windows (L3 measurements), a scheduling restriction that applies to an OFDM symbol immediately before and immediately after consecutive SSB symbols has been specified, with the justification that there may be receive time differences between serving and neighbour cells. Scheduling restriction for L3 measurement in TS38.133 is pasted in the following: 
	9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
[bookmark: _Hlk84903971]The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise, the SMTC periodicity follows smtc1.



The cell phase synchronization accuracy measured at BS antenna connectors shall be shorter than 3µs refer to legacy scheduling restriction discussion. if the 3µs is considered for the time misalignment between serving and target cell, adding the beam changing time, the interruption to the serving cell still will affect the extra symbol before or after SSB symbols within almost 3.2 µs length range, where 3.2 µs= 3 µs+0.2 µs( from beam switching time).
Recap symbol length as below:
· For 480KHz SCS,  1 symbol is 2.08 μs; 
· For 960KHz SCS,  1 symbol is 1.04 μs.
To avoid interruption in 3.2 µs length, 2 symbols length gap for 480KHz SCS and 3.05 symbols for 960KHz SCS are requested for headroom reservation of the impairments, shown in Figure 1. 
Observation 5: Scheduling restriction with 1 data symbol for 480KHz and 960KHz SCS is not enough. 
Proposal 5: Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs at least: 2 SSB symbols before and after SSB symbols for 480KHz SCS; 3 SSB symbols before and after SSB symbols for 960KHz SCS.   

	9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.




Another issue is ‘Psharing factor’ in beam management,e.g. L1-RSRP, BFD and RLM. Even SSB indexes of RLM-RS is different from all SSB indexes of SSB-ToMeasure totally, they still must collide/overlap because of TAE exceed the gap symbols(1 data symbol in below table) between consecutive SSB symbols, shown in Figure 1.
Proposal 6: Psharing factor  shall be 3 in any case upon 480KHz and 960KHz SCS.
	Psharing factor = 1, if the RLM-RS resource outside measurement gap is 
- not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving carrier, and, 
- not overlapped by the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each RSSI symbol indicated by ss-RSSI-Measurement and 1 data symbol after each RSSI symbol indicated by ss-RSSI-Measurement, given that ss-RSSI-Measurement is configured. 
- Psharing factor = 3, otherwise.



Another issue is about when to start beam switch. If 200ns is agreed, obviously, one symbol shall be reserved for beam switch.
Considering the complexity of frequent beam switch, we assume that the symbol can be allocated before SMTC, shown in Figure 1.
Proposal 7: Introduce one symbol scheduling restriction before and after SMTC for beam switch upon 480KHz and 960KHz SCS.


[bookmark: _Ref91763111]Figure 1 TAE impacts



Measurement procedures
Measurement procedures for SSB identification was agreed in the below.
	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




Proposal 8: Considering the channel delay spread in FR2-2 is expected to be smaller than that for FR2_1, AWGN/TDL-A (5/10/20ns delay spread) maybe enough to be reference channel model to derive SSB identification delay.

Conclustion
Observation 1: 2 SSB symbols in ’deriveSSB-IndexFromCell’ cannot be kept in terms of the RAN4 considerations on ‘the receiving timing difference between serving cell and neighbour cell does not exceed half of the minimum time difference between the first symbols of two SSBs in order to derive the correct index’.
Observation 2: ‘deriveSSB-IndexFromCell’ can allow timing error far more than time length of 2 SSB symbols in terms of the RAN1 considerations on ‘'the UE should establish the frame boundary, and if required, the SFN, without having to decode the BCH payload.’.
Observation 3: In 38.133, the statement ‘ the neighbour cell is synchronous with the serving cell (deriveSSB-IndexFromCell is enabled)’ implies enabled deriveSSB-IndexFromCell equal to synchronization. If synchronization requirement is met and UE can identify frame boundary without decoding the BCH payload, deriveSSB-IndexFromCell shall be enable. 
Observation 4: scheduling restriction shall be updated also upon boundary alignment tolerance change in ‘deriveSSB-IndexFromCell’.
Observation 5: Scheduling restriction with 1 data symbol for 480KHz and 960KHz SCS is not enough. 

Proposal 1: 2 symbols for boundary alignment tolerance in ‘deriveSSB-IndexFromCell’ is kept for SCS up to 240KHz. 
Proposal 2: Because ‘deriveSSB-IndexFromCell is enabled’ is equal to ‘the neighbour cell is synchronous with the serving cell’ from practice perspective, we suggest that: 
· boundary alignment tolerance in ‘deriveSSB-IndexFromCell’  is relaxd to [4.7] μs or corresponding number of SSB/data symbols for 480KHz and 960KHz, which indeed meets synchronization requirement: the neighbour cell is synchronous with the serving cell allocated in 38.133.
Proposal 3: If RAN1 can get agreement on introducing UE capability signaling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements. 
Proposal 4: Introduce scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time(together with other impairments) influence adjacent symbols.
Proposal 5: Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs at least: 2 SSB symbols before and after SSB symbols for 480KHz SCS; 3 SSB symbols before and after SSB symbols for 960KHz SCS
Proposal 6: Psharing factor  shall be 3 in any case upon 480KHz and 960KHz SCS.
Proposal 7: Introduce one symbol scheduling restriction before and after SMTC for beam switch upon 480KHz and 960KHz SCS. 
Proposal 8: Considering the channel delay spread in FR2-2 is expected to be smaller than that for FR2_1, AWGN/TDL-A (5/10/20ns delay spread) maybe enough to be reference channel model to derive SSB identification delay.
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