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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _Hlk23953093]The WID for extending current NR operation to 71 GHz [1] was further updated in RAN#92-e meeting.  There are new objectives being added and notes being updated. One of the changes that has impact to RAN4 is as follows. 
	Note 5: FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. 
· The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analysed on a case by case basis
· The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.
· TSG RAN specifications shall make it very clear (to readers) that frequency bands in the 52.6-71GHz range are only Release-independent from Rel-17 onwards, to ensure that there is clear industry understanding about which FR2 features are applicable for operation in 52.6-71GHz range.
NOTE 5a: Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
[bookmark: _Hlk58524207]NOTE 5b: The designations FR2-1 and FR2-2 should only be used when needed. 


So, FR2 is extended to cover 24.25GHz to 71GHz. This will reduce impact to existing RRM requirements highly, though the requirements need to be analysed on a case-by-case basis.
In the RAN4#99-e meeting, there were discussions on RRM impacts due to introduction of extending current NR operation to 71GHz. The agreements/conclusions are captured in [2].
	· Specification structure (TS 38.133)
· The specification structure and ways to capture new/updated requirements would be discussed in future meetings. 
· The following options may be considered during the discussion:
· For licensed operation, new or updated requirements for which there’s already a section in TS 38.133, RAN4 should update the corresponding section with the 52.6-71GHz related updates.
· For unlicensed operation, RAN4 should update the corresponding sections introduced during NR-U to add the new requirements for operation in 52.6-71GHz.
· A new section dedicated to NR in 52.6-71GHz may be introduced when a completely new item applicable to NR in 52.6-71GHz only is introduced. Relevant discussion should take place only after such items have been identified and significantly discussed.
· Deployment scenarios
· Following options are identified during the RRM discussion on this topic
· Option 1(Vivo): RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation first
· Option 2 (Nokia): RAN4 works on RRM requirements first for 
· Standalone single-carrier and multi-carrier operation and CA and DC
· DC and CA with FR1.
· Option 3 (Ericsson): RAN4 to prioritize non-standalone scenario where new band is used for SCell and PCell belongs to legacy FR2 band
· Overall RRM impact
· Study impact on RRM requirements due to at least following aspects
· Frequency range definition of the new band
· Introduction of the new band
· Further RAN1/2 agreements 
· Impact of higher SCS on RRM requirements
· Define new RRM requirements due to higher data/SSB SCS for at least the following topics:
· Timing
· UE transmit timing
· Timing advance (TA)
· Interruptions
· Active BWP switching delay
· Measurement gaps
· Interruption time
· Study impact on RRM requirements due to higher SSB SCS for at least the following topics:
· Intra-frequency measurement
· Inter-frequency measurement
· Other RRM requirements, if identified are not precluded.
· Scaling factor for RX beam sweeping
· RAN4 to study whether the changes on scaling factor for RX beam sweeping are required for this frequency range support
· Scheduling restrictions 
· The need to update the scheduling restriction/availability will be further discussed, if needed, along with the relevant RRM requirements.
· Operation in licensed/unlicensed band
· RAN4 to initially focus on RRM requirements for both licensed and unlicensed bands without considering LBT and start working on LBT impact on RRM requirements in unlicensed band based on more conclusions from RAN1.


In this contribution, we further provide our views on RRM requirements impact for extending current NR operation to 71GHz in both licensed and unlicensed band.
2. Discussion
2.1 Deployment scenario
In the last RAN4 meeting, the deployment scenarios were discussed in RRM session and companies have different views as captured in [2].
	· Following options are identified during the RRM discussion on this topic
· Option 1(Vivo): RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation first
· Option 2 (Nokia): RAN4 works on RRM requirements first for 
· Standalone single-carrier and multi-carrier operation and CA and DC
· DC and CA with FR1.
· Option 3 (Ericsson): RAN4 to prioritize non-standalone scenario where new band is used for SCell and PCell belongs to legacy FR2 band


There were also discussions in RF session and following agreement was made as in [3].
	· Issue: Latest approved WID states that NR/NR-U operation in 52.6 – 71 GHz can be in standalone, aggregated via CA or DC with an anchor carrier. Given the unlicensed band in 60 GHz is newly defined, it is necessary to define and finish a single band requirement first.
· Agreement: RAN4 aims to finish a single band requirement first. CA/DC can be discussed in parallel.


It was agreed in RF session that RAN4 aims to finish requirements for a single band first. This is basically aligned with option 1 that RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation first. RAN4 RRM requirements should also focus on single band operation either. Requirements for CA/DC with FR1 and legacy FR2 bands can be discussed and specified after corresponding band combinations are introduced. It would be not expected that RRM requirements are specified for no real band combinations.
Proposal 1: RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation (CA) firstly.
Proposal 2: RRM requirements for CA/DC with FR1 and legacy FR2 bands is discussed and specified after corresponding band combinations are introduced.
2.2 RRM requirements impact due to higher SCS
It was already agreed to define new RRM requirements due to higher data/SSB SCS for timing, interruptions, active BWP switch delay and measurement gap interruptions. For intra-frequency measurement and inter-frequency measurement, further evaluations are needed. 
The simulation assumption are provided in Appendix 4.1, 4.2 and 4.3 separately.
2.2.1 Cell detection
Our preliminary simulation results for cell detection are provided in Table 1 and Table 2 for case1 and case2, which can be found in the simulation assumptions for cell detection in Appendix, respectively.
Table 1: PSS/SSS detection delay for case1
	SCS
	Propagation Condition
	90 percentiles of the PSS/SSS acquisition time

	480kHz
	AWGN
	1

	
	TDL-A-5
	2

	
	TDL-A-10
	2

	
	TDL-A-20
	2

	
	TDL-A-30
	3

	
	TDL-C-60
	3

	960kHz
	AWGN
	1

	
	TDL-A-5
	2

	
	TDL-A-10
	2

	
	TDL-A-20
	3

	
	TDL-A-30
	3

	
	TDL-C-60
	6



Table 2: PSS/SSS detection delay for case2
	SCS
	Propagation Condition
	90 percentiles of the PSS/SSS acquisition time

	480kHz
	AWGN
	1

	
	TDL-A-5
	2

	
	TDL-A-10
	2

	
	TDL-A-20
	2

	
	TDL-A-30
	2

	
	TDL-C-60
	3

	960kHz
	AWGN
	1

	
	TDL-A-5
	2

	
	TDL-A-10
	2

	
	TDL-A-20
	3

	
	TDL-A-30
	3

	
	TDL-C-60
	6



From the simulation results, it can be seen that at least 6 samples are required for PSS/SSS detection for the 52.6GHz~71GHz under TDL-C 60 channel model. In existing intra-frequency measurement requirements and inter-frequency measurement requirements, 2~3 samples are assumed without considering AGC. If requirements for cell detection are still to be defined under same channel models used for legacy FR2, then cell detection delay should be extended. 
However, if channel models in TS 38.808 are used to defined requirements, then cell detection requirements for legacy FR2 range can be reused. 2 samples for 480kHz SCS and 3 samples for 960kHz SCS can be assumed without considering AGC. In our view, with such higher SCS, TDL-C may not be appropriate for defining requirements. TDL-A 30ns would be used instead. 
Proposal 3a: Cell detection requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 can be reused for FR2-2 under the condition that channel model TDL-A 30ns is assumed.
Proposal 3b: Cell detection requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 is extended by 3 samples for FR2-2.

2.2.2 PBCH detection for SSB index acquisition
Preliminary simulation results for SSB index acquisition are provided in Table 3.
Table 3: PBCH detection delay for case1
	Case
	SCS(kHz)

	
	480
	960

	Propagation Condition
	SNR(dB)
	Number of acquisition attempts
	Number of acquisition attempts

	AWGN
	-8
	1
	1

	
	-7
	1
	1

	
	-6
	1
	1

	
	-5
	1
	1

	
	-4
	1
	1

	
	-3
	1
	1

	TDL-A5
	-8
	6
	7

	
	-7
	4
	6

	
	-6
	3
	3

	
	-5
	2
	2

	
	-4
	2
	2

	
	-3
	2
	2

	TDL-A10
	-8
	6
	7

	
	-7
	5
	4

	
	-6
	3
	4

	
	-5
	2
	2

	
	-4
	2
	2

	
	-3
	2
	2

	TDL-A20
	-8
	6
	10

	
	-7
	4
	6

	
	-6
	3
	4

	
	-5
	2
	3

	
	-4
	2
	3

	
	-3
	2
	2

	TDL-A30
	-8
	7
	16

	
	-7
	5
	10

	
	-6
	3
	5

	
	-5
	2
	4

	
	-4
	2
	3

	
	-3
	2
	2

	TDL-C60
	-8
	10
	16

	
	-7
	6
	12

	
	-6
	3
	6

	
	-5
	2
	5

	
	-4
	2
	3

	
	-3
	2
	3



It can be seen from the simulation results that at least 3 samples are required for PBCH detection for 480kHz SCS and 6 samples for 960kHz SCS for the 52.6GHz~71GHz under TDL-C 60 channel model. It can also be seen that PBCH detection is not very much sensitive to channel models. 
In existing inter-frequency measurement requirements for FR2, 3 samples are assumed for SSB index acquisition. The requirements cannot be met for 960kHz SCS case. Therefore, the inter frequency SSB index acquisition delay should be extended. 
Proposal 4: SSB index acquisition delay for FR2-2 should be extended compare to that for FR2-1 and 5 samples are needed for SSB index acquisition for inter-frequency measurement.

2.2.3 SSB measurements
Preliminary simulation results for SSB measurements are provided in Table 4 and in section 4.4 in Appendix.
Table 4: SSB measurement results
	Channel
	Samples
	Delta RSRP[dB]

	
	
	SCS =480kHz
	SCS=960kHz

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-0.42 
	0.68 
	1.65 
	-0.42 
	0.69 
	1.64 

	
	2
	-0.23 
	0.58 
	1.29 
	-0.22 
	0.57 
	1.29 

	
	3
	-0.12 
	0.52 
	1.13 
	-0.11 
	0.53 
	1.11 

	
	5
	-0.03 
	0.47 
	0.95 
	-0.02 
	0.47 
	0.94 

	TDL-A
	1
	-2.39 
	0.03 
	2.08 
	-2.50 
	0.05 
	2.08 

	
	2
	-1.84 
	0.00 
	1.59 
	-1.87 
	0.01 
	1.61 

	
	3
	-1.57 
	-0.02 
	1.34 
	-1.61 
	-0.02 
	1.31 

	
	5
	-1.26 
	-0.03 
	1.06 
	-1.32 
	-0.04 
	1.07 

	TDL-C
	1
	-2.74 
	0.06 
	2.19 
	-2.67 
	0.10 
	2.26 

	
	2
	-2.08 
	0.03 
	1.72 
	-2.00 
	0.04 
	1.77 

	
	3
	-1.81 
	-0.01 
	1.47 
	-1.73 
	0.02 
	1.52 

	
	5
	-1.54 
	-0.03 
	1.21 
	-1.45 
	-0.01 
	1.26 



It can be seen from the simulation results that 3 samples are enough for SSB measurements for both 480kHz SCS and 960kHz SCS SSBs for FR2-2 under all simulated channel models. 
In existing intra-frequency and inter-frequency measurement requirements for FR2-1, 3 samples without considering implementation margin are assumed for SSB measurements. So, the existing requirements are also applicable for FR2-2. 
Proposal 5: SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency inter-frequency measurements.
2.3 Scaling factor for Rx beam sweeping 
There was discussion in the last meeting on whether scaling factor for Rx beam sweeping should be revised. The scaling factor will impact measurement delay and Rx beam number that UE can be used for measurement. For high frequency range, high beamforming gain is expected to compensate coverage loss which may need more Rx beams. On the other hand, long measurement delay has already been a concern for legacy FR2 mobility. Reasonable trade-off has to be made. Changing scaling factor for Rx beam sweeping should be well justified.
Proposal 6: Changing scaling factor for Rx beam sweeping should be well justified.
2.4 Scheduling restrictions 
Whether scheduling restrictions would be updated can be discussed case by case. It is better if factors that may have impact on scheduling restrictions are identified firstly. For higher data/SSB SCS, it seems it has no impact on scheduling restriction requirements.
Proposal 7: Factors that may impact scheduling restriction requirements, if any, would be identified firstly.
2.5 Overall RRM requirements for licensed band 
RRM impacts would be analysed depending on frequency range definition of the new band, introduction of the new band and further RAN1/2 agreements according to agreements in the last meeting. It was agreed in the RAN#92-e meeting that existing frequency range FR2 will be extended to 71GHz. So, frequency range definition does not impact RRM requirements to some extent. 
Proposal 8: For operation in the new licensed band in FR2-2, necessary RRM requirements are given in Table 5. 
Table 5.  RRM requirements for new licensed band in FR2-2
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	Current NR Cell reselection requirements for FR2 apply


	
	Inter-frequency
	

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	Handover
	
	Current NR SA handover requirements for FR2 apply

	RRC Connection Mobility Control
	RRC re-establishment
	Current NR SA requirement for FR2 apply

	
	RA
	Current NR SA requirement apply

	
	RRC release with redirection
	Current NR SA requirement for FR2 apply

	UE timing
	UE transmit timing
	New Requirements for 480kHz and 960kHz SSB/data SCS are to be defined

	
	UE maximum receive timing difference
	MTTD requirements is depending on conclusion of operation scenario(s)

	
	UE maximum transmission timing difference
	MRTD requirements is depending on conclusion of operation scenario(s) 

	
	TA
	New Timing advance adjustment accuracy requirements for 480kHz and 960kHz data SCS are to be defined

	
	UE timer accuracy
	Current UE timer accuracy requirements apply.

	Signalling characteristics
	SCell activation and deactivation delay
	Depending on conclusion of operation scenario(s) 

	
	Interruption
	Depending on conclusion of operation scenario(s) 

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) 

	
	Active TCI state switching delay
	Current requirements apply

	
	Active BWP switching delay
	New requirements for 480kHz and 960kHz data SCS are to be defined for single BWP switching

	
	PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Radio link monitoring
	Current RLM requirements for FR2 apply.

	
	Link recovery procedures
	Current link recovery requirements for FR2 apply.

	
	Uplink spatial relation switch delay
	Current uplink spatial relation switch delay requirements for FR2 apply.

	
	UE specific CBW change
	Current UE specific CBW change requirements apply.


	
	Pathloss reference signal switch delay
	Current Pathloss reference signal switch delay requirements apply.


	Measurement requirements
	Measurement gap
	Current measurement gap requirements apply.

	
	UE measurement capability
	Current UE measurement capability requirements for FR2 apply.

	
	Intra-frequency
	Current intra-frequency measurement requirements for FR2 may apply. 
PSS/SSS detection performance for 480kHz/960kHz SCS SSBs need to be studied.

	
	Inter-frequency
	Current inter-frequency measurement requirements for FR2 may apply. 
PSS/SSS detection performance for 480kHz/960kHz SCS SSBs may need to be studied.

	
	Inter-RAT
	Depending on conclusion of operation scenario(s).

	
	L1-RSRP measurements for reporting
	Current L1-RSRP measurements for reporting requirements for FR2 apply.

	
	L1-SINR measurements for reporting
	Current L1-SINR measurement for reporting requirements for FR2 apply.

	
	Cross link interference measurements
	Current CLI requirements for FR2 apply. 

	
	CSI-RS based measurement
	Current CSI-RS based measurement requirements for FR2 apply. 

	Measurement accuracy requirements
	Intra-frequency SS-RSRP/SS-RSRQ/SS-SINR
Intra-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current intra-frequency measurement accuracy requirements for FR2 apply.


	
	Inter-frequency SS-RSRP/SS-RSRQ/SS-SINR
Inter-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current inter-frequency measurement accuracy requirements for FR2 apply.


	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.


	
	L1-SINR accuracy (SSB based and CSI-RS based)
	Current L1-SINR accuracy measurement accuracy requirements for FR2 apply.




2.4 Overall RRM requirements for unlicensed band 
In Rel-16 requirements for NR-U are define for bands n46 in 5GHz and n96 in 6GHz. All requirements for CCA are specified based on NR requirements for FR1. RRM requirements for the new unlicensed band should be based on NR requirements for FR2. So, a full set of new requirements need to be defined. 
Proposal 9: For operation in the new unlicensed band in FR2-2, necessary RRM requirements are given in Table 6. 
Table 6. RRM requirements for unlicensed band in FR2-2
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	New requirements are defined

	
	Inter-frequency
	

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	Handover
	
	New requirements are defined

	RRC Connection Mobility Control
	RRC re-establishment
	New requirements are defined

	
	Random access
	Current requirements for CCA may be reused.
Further depending on RAN1 progress.

	
	RRC release with redirection
	New requirements are defined

	UE timing
	UE transmit timing
	New Requirements for 480kHz and 960kHz SSB/data SCS are to be defined

	
	UE maximum receive timing difference
	MTTD requirements is depending on conclusion of operation scenario(s) and frequency range definition.

	
	UE maximum transmission timing difference
	MRTD requirements is depending on conclusion of operation scenario(s) and frequency range definition.

	
	TA
	Timing advance adjustment accuracy requirements for 480kHz and 960kHz data SCS are to be defined.

	
	UE timer accuracy
	Current UE timer accuracy requirements apply.

	Signalling characteristics
	SCell activation and deactivation delay
	Depending on conclusion of operation scenario(s) 

	
	Interruption
	Depending on conclusion of operation scenario(s) 

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s)

	
	Active TCI state switching delay
	New requirements are defined.

	
	Active BWP switching delay
	New requirements for 480kHz and 960kHz data SCS are to be defined for single BWP switching.

	
	PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Radio link monitoring
	New requirements are defined

	
	Link recovery procedures
	New requirements are defined

	Measurement requirements
	Intra-frequency
	New requirements are defined

	
	Inter-frequency
	New requirements are defined

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	
	L1-RSRP measurements for reporting
	New requirements are defined

	Measurement accuracy requirements
	Intra-frequency SS-RSRP/SS-RSRQ/SS-SINR
Intra-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current intra-frequency measurement accuracy requirements for FR2 apply.

	
	Inter-frequency SS-RSRP/SS-RSRQ/SS-SINR
Inter-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current inter-frequency measurement accuracy requirements for FR2 apply.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.




3. Summary
In this contribution we provide our views on RRM requirements impact for extending current NR operation to 71GHz in both licensed and unlicensed band. Based on analysis following observations and proposals are present.
Proposal 1: RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation (CA) firstly.
Proposal 2: RRM requirements for CA/DC with FR1 and legacy FR2 bands is discussed and specified after corresponding band combinations are introduced.
Proposal 3a: Cell detection requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 can be reused for FR2-2 under the condition that channel model TDL-A 30ns is assumed.
Proposal 3b: Cell detection requirements for both intra-frequency measurement and inter-frequency measurement for FR2-1 is extended by 3 samples for FR2-2.
Proposal 4: SSB index acquisition delay for FR2-2 should be extended compare to that for FR2-1 and 5 samples are needed for SSB index acquisition for inter-frequency measurement.
Proposal 5: SSB measurement period requirements for FR2-1 can be reused for FR2-2 for both intra-frequency inter-frequency measurements.
Proposal 6: Changing scaling factor for Rx beam sweeping should be well justified.
Proposal 7: Factors that may impact scheduling restriction requirements, if any, would be identified firstly.
Proposal 8: For operation in the new licensed band in FR2-2, necessary RRM requirements are given in Table 5. 
Table 5.  RRM requirements for new licensed band in FR2-2
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	Current NR Cell reselection requirements for FR2 apply


	
	Inter-frequency
	

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	Handover
	
	Current NR SA handover requirements for FR2 apply

	RRC Connection Mobility Control
	RRC re-establishment
	Current NR SA requirement for FR2 apply

	
	RA
	Current NR SA requirement apply

	
	RRC release with redirection
	Current NR SA requirement for FR2 apply

	UE timing
	UE transmit timing
	New Requirements for 480kHz and 960kHz SSB/data SCS are to be defined

	
	UE maximum receive timing difference
	MTTD requirements is depending on conclusion of operation scenario(s)

	
	UE maximum transmission timing difference
	MRTD requirements is depending on conclusion of operation scenario(s) 

	
	TA
	New Timing advance adjustment accuracy requirements for 480kHz and 960kHz data SCS are to be defined

	
	UE timer accuracy
	Current UE timer accuracy requirements apply.

	Signalling characteristics
	SCell activation and deactivation delay
	Depending on conclusion of operation scenario(s) 

	
	Interruption
	Depending on conclusion of operation scenario(s) 

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) 

	
	Active TCI state switching delay
	Current requirements apply

	
	Active BWP switching delay
	New requirements for 480kHz and 960kHz data SCS are to be defined for single BWP switching

	
	PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Radio link monitoring
	Current RLM requirements for FR2 apply.

	
	Link recovery procedures
	Current link recovery requirements for FR2 apply.

	
	Uplink spatial relation switch delay
	Current uplink spatial relation switch delay requirements for FR2 apply.

	
	UE specific CBW change
	Current UE specific CBW change requirements apply.


	
	Pathloss reference signal switch delay
	Current Pathloss reference signal switch delay requirements apply.


	Measurement requirements
	Measurement gap
	Current measurement gap requirements apply.

	
	UE measurement capability
	Current UE measurement capability requirements for FR2 apply.

	
	Intra-frequency
	Current intra-frequency measurement requirements for FR2 may apply. 
PSS/SSS detection performance for 480kHz/960kHz SCS SSBs need to be studied.

	
	Inter-frequency
	Current inter-frequency measurement requirements for FR2 may apply. 
PSS/SSS detection performance for 480kHz/960kHz SCS SSBs may need to be studied.

	
	Inter-RAT
	Depending on conclusion of operation scenario(s).

	
	L1-RSRP measurements for reporting
	Current L1-RSRP measurements for reporting requirements for FR2 apply.

	
	L1-SINR measurements for reporting
	Current L1-SINR measurement for reporting requirements for FR2 apply.

	
	Cross link interference measurements
	Current CLI requirements for FR2 apply. 

	
	CSI-RS based measurement
	Current CSI-RS based measurement requirements for FR2 apply. 

	Measurement accuracy requirements
	Intra-frequency SS-RSRP/SS-RSRQ/SS-SINR
Intra-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current intra-frequency measurement accuracy requirements for FR2 apply.


	
	Inter-frequency SS-RSRP/SS-RSRQ/SS-SINR
Inter-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current inter-frequency measurement accuracy requirements for FR2 apply.


	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.


	
	L1-SINR accuracy (SSB based and CSI-RS based)
	Current L1-SINR accuracy measurement accuracy requirements for FR2 apply.



Proposal 9: For operation in the new unlicensed band in FR2-2, necessary RRM requirements are given in Table 6. 
Table 6. RRM requirements for unlicensed band in FR2-2
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	New requirements are defined

	
	Inter-frequency
	

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	Handover
	
	New requirements are defined

	RRC Connection Mobility Control
	RRC re-establishment
	New requirements are defined

	
	Random access
	Current requirements for CCA may be reused.
Further depending on RAN1 progress.

	
	RRC release with redirection
	New requirements are defined

	UE timing
	UE transmit timing
	New Requirements for 480kHz and 960kHz SSB/data SCS are to be defined

	
	UE maximum receive timing difference
	MTTD requirements is depending on conclusion of operation scenario(s) and frequency range definition.

	
	UE maximum transmission timing difference
	MRTD requirements is depending on conclusion of operation scenario(s) and frequency range definition.

	
	TA
	Timing advance adjustment accuracy requirements for 480kHz and 960kHz data SCS are to be defined.

	
	UE timer accuracy
	Current UE timer accuracy requirements apply.

	Signalling characteristics
	SCell activation and deactivation delay
	Depending on conclusion of operation scenario(s) 

	
	Interruption
	Depending on conclusion of operation scenario(s) 

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s)

	
	Active TCI state switching delay
	New requirements are defined.

	
	Active BWP switching delay
	New requirements for 480kHz and 960kHz data SCS are to be defined for single BWP switching.

	
	PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) 

	
	Radio link monitoring
	New requirements are defined

	
	Link recovery procedures
	New requirements are defined

	Measurement requirements
	Intra-frequency
	New requirements are defined

	
	Inter-frequency
	New requirements are defined

	
	Inter-RAT
	Depending on conclusion of operation scenario(s)

	
	L1-RSRP measurements for reporting
	New requirements are defined

	Measurement accuracy requirements
	Intra-frequency SS-RSRP/SS-RSRQ/SS-SINR
Intra-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current intra-frequency measurement accuracy requirements for FR2 apply.

	
	Inter-frequency SS-RSRP/SS-RSRQ/SS-SINR
Inter-frequency CSI-RSRP/CSI-RSRQ/CSI-SINR

	Current inter-frequency measurement accuracy requirements for FR2 apply.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.




4. Appendix
The simulation assumptions for the new band are provided in Appendix.
4.1 Simulation Assumptions for cell detection
Simulation assumptions for cell detection for the new band are based on R4-1708698 with changes highlighted.
Table 1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	60GHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	480kHz;960kHz
	The same values as for Cell 1 are used

	RB Utilization
	%
	100
	100

	Power boosting for PSS and SSS
	dB
	0
	0

	Power boosting for Data and Control
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	1

	SS burst set periodicity
	ms
	5
	5

	Relative Delay of 1st Path (synchronous)
	μs
	0
	CP/2

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Es/Noc
	dB
	6.4
	1.25; FSS: 0.25; -0.75
(SINR: -6dB; 
FFS: -8dB, -7dB)

	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	Propagation Condition [38.101-4]

Propagation Condition [38.808]

	-
	TDL-A (30ns delay spread)/TDL-C (60ns delay spread)

AWGN/TDL-A (5/10/20ns delay spread)

	UE speed
	
	3km/h

	Noc Model 
	-
	AWGN noise



Table 2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 by the UE
	Yes

	False detect threshold 
	Required as in a real UE implementation

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence IDs.

	Receive antennas
	2



[bookmark: _Ref182236287]Table 3: Example Cell ID Combinations that can be simulated
	Case #
	Cell 1
 (Interferer Cell)
	Cell 2
(Desired Cell)

	1
	psc1
	ssc1
	psc2
	ssc2

	2
	psc1
	ssc1
	psc1
	ssc3



Table 4: Example PSS, SSS indices that can be simulated simulations
	PSS Indices
	SSS Indices

	Label
	Code index
	Label
	Code index
(m0, m1)
	Cell ID
	

(,)

	psc1
	43
	ssc1
	(20,0)
	337
	(112, 1)

	psc2
	86
	ssc2
	(40, 0)
	674
	(224, 2)

	
	
	ssc3
	(35,0)
	673
	(224, 1)



Performance Metric
For NR-PSS/SSS acquisition time, the detection is claimed to be successful only when both the PSS and SSS are correctly detected and the timing offset is within half CP length. 

4.2 Simulation Assumptions of PBCH detection
Simulation assumptions for PBCH detection for the new band are based on R4-1713437 with changes highlighted.
Case1: PBCH reading
Basic SI reading time = the number of SS-blocks required for 99% to successfully decode the PBCH.
Case2: PBCH-DMRS time index reading (Without decode PBCH data)
DMRS time index reading time = the number of SS-blocks required for 99% to successfully reading DMRS time index.
Table 1: Parameters for basic SI reading (PBCH acquisition)
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	60GHz

	Subcarrier spacing
	KHz
	480kHz;960kHz

	Number of Tx antennas
	-
	1
Assuming only 1Tx port is used 

	Number of Rx antennas
	-
	2

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	5

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	100

	PBCH symbols within the SS block
	
	According to the RAN1 agreements

	Data and Control Power offset with respect to PSS and SSS
	dB
	0

	PBCH power offset with respect to PBCH-DMRS
	dB
	0

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0

	PSS and SSS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS RE positions within the PBCH resource
	-
	According to the RAN1 agreements

	PBCH Channel coding
	
	Polar code with 512 length and 24bit DCRC

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit  (CRC 24bit)

	PBCH SNR
	dB
	-10 : 0 dB, at least including -6dB,-8 dB

	Propagation Condition [38.101-4]

Propagation Condition [38.808]
	-
	TDL-A (30ns delay spread)/TDL-C (60ns delay spread)

AWGN/TDL-A (5/10/20ns delay spread)

	UE speed
	
	3km/h

	Detection Method
	
	Baseline: on one shot detection (No combination for different PBCHs,)
FFS Soft- combining



Performance Metric
The proposed simulation assumptions are used to derive the Basic SI reading time. 
Basic SI reading time = the number of SS-blocks required for 99% to successfully decode the PBCH.

[bookmark: _Hlk77666557]4.3 Simulation Assumptions for SSB measurements
Simulation assumptions for SSB measurements for the new band are based on R4-1706904 with changes highlighted.
Table 1: General parameters
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	60GHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes

	DRX
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions

	UE receive antennas
	1

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	1 2 3 5; other number of samples may also be studied upon a need

	· Subcarrier spacing
	480 kHz; 960 kHz

	· Number of SS blocks per SS burst set
	1 

	· SS burst periodicity
	5ms

	· 
	

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· SS block BW
	127 subcarriers for SS, 288 subcarriers for PBCH

	· Actual SS block transmissions
	always transmitted



Table 2: Cell-specific parameters
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Relative Delay of 1st Path 
	µs
	0
	CP/2

	SNR 
	dB
	6 dB

	1 dB


	Es/IoT (calculated from SNR)
	dB
	N/A  2.46dB
	-5.97 dB


	Propagation conditions [38.101-4]
	-
	AWGN/TDL-A (30ns delay spread)/TDL-B (100ns delay spread)/TDL-C (300ns delay spread) for 4GHz
TDL-A (30ns delay spread)/TDL-C (60ns delay spread) for 30GHzNote

	UE speed
	
	3km/h

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned



Performance Metrics
For different estimation time periods, the CDF curves and 90th %-iles are to be provided for (without RF impairment margin):
· Delta measurement   = (estimated measurement – ideal measurement) 	[dB];

4.4 Simulation results for SSB measurements
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