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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The revised WID for extending current NR operation to 71 GHz [1] was approved in RAN#91-e meeting.  The RAN4 objective for core requirements is as follows [1]. 
	· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM/BM core requirements.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
Note 3: The maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.
[bookmark: _Hlk58594589]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.
[bookmark: _Hlk58524207]Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.  


In this contribution, we provide our views on RRM requirements for extending current NR operation to 71GHz in both licensed and unlicensed band.
2. Discussion
In the last RAN4 meeting, the licensed band definition and unlicensed band definition for the frequency range 52.6GHz – 71GHz were agreed as in [2].
	Licensed band definition
· Agree to define a band [66-71] GHz, based on which the system parameters discussion can proceed with an aim to harmonize for both licensed and unlicensed bands
· The work except system parameters on this band will start when regulations become clear

Unlicensed band definition
· 57 – 71 GHz


Since RRM requirements for licensed operation and unlicensed operation are different, RRM impacts are discussed separately.

2.1 RRM requirements for operation on licensed band
Though the licensed band definition has not been finalized, there should no problem to work on RRM requirements for NR operation on licensed band. As a new band will be introduced, frequency band grouping related RRM requirements need to be specified for this new band, e.g., SSB_RP and SSB Ês/Iot side conditions for intra-frequency/inter-frequency measurement requirements procedures and measurement accuracy requirements. The frequency band grouping is also need to be specified by taking frequency range definition for this new band into consideration.
Observation 1. Frequency band grouping related requirements need to be specified for the licensed band.

Since a new band is introduced, conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED should be specified for the new band. How the conditions are specified is further depending on frequency range definition.
Frequency range definition for the frequency range 52.6GHz – 71GHz is still under discussion. If it is agreed FR2 is used, then there is little impact to RRM requirements. However, if it is agreed that e.g., FR3 is used to define the frequency range, then there would be significant impact to RRM requirements. Firstly, the per-FR gap definition needs to be redefined in R17 as legacy definition are based on FR1 and FR2. Then all per-FR gap related RRM requirements needs to be revisited, especially the interruption requirements. 
Observation 2. Conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED need to be defined for the new band.
Observation 3. Frequency range definition has impact on RRM requirements, especially on per-FR gap related RRM requirements.

Operation scenario(s) also have significant impacts on RRM requirements. According to work plan [2], RF session will continue discuss operation scenario(s), i.e., standalone, CA, or DC, and reach conclusions in the next two meetings. In addition, single-carrier and multi-carrier operation should be supported for the system according to WID [1]. RAN4 can work on RRM requirements for standalone single-carrier and multi-carrier operation until there is conclusion on other operation scenarios.
Proposal 1: RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation firstly.
Proposal 2: The new band is added to current frequency band grouping table in section 3.5.
Proposal 3: Conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED need to be defined for the new band.

The physical layer design could have impact on RRM requirements. 480kHz and 960kHz SCS for the SSB will be introduced at least for non-initial access for frequency range 52.6GHz – 71GHz.
	Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB


RRM requirements related to SSB SCS, such as	UE transmit timing etc., should be specified for the licensed operation based on the newly introduced SSB SCS.
Observation 4. SSB SCS related requirements, e.g., UE transmit timing, need to be specified for the 480kHz and 960KHz SSB SCS for operation on the licensed band.

For SSB based RRM measurement, though the requirements are not relevant to SSB SCS explicitly it would be impacted by SSBs with different SCS.  For example, 24 samples are used to define requirements for PSS/SSS detection for FR2. It is somehow dependent on simulation results of PSS/SSS detection for 120kHz and 240kHz SCS SSBs. According to simulation results in [5], it can be seen there is performance difference between 120kHz SCS and 240kHz SCS for PSS/SSS detection. Therefore, performance difference for 480kHz/960kHz SCS SSBs compared to existing 120kHz/240kHz SCS SSBs is expected. RAN4 should study the performance of PSS/SSS detection for newly introduced 480kHz/960kHz SSBs. For SS-RSRP/SS-RSRQ measurement and SSB index acquisition there may be little impact due to larger SSB SCS.
Observation 5. PSS/SSS detection requirements for intra/inter-frequency measurement may be impacted by newly introduced larger SSB SCS for operation on the new licensed band.

For data channel, new SCS, 480kHz and 960kHz will also be supported for this frequency range.
	· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 


RRM requirements related to data SCS, such as	UE transmit timing, Timing advance adjustment accuracy, MRTD/MTTD requirements, interruption requirements, BWP switching delay etc., should be specified for the licensed operation based on the newly introduced data SCS.
Observation 6. data SCS related requirements need to be specified for the 480kHz and 960KHz data SCS for operation on the new licensed band.

There will be further RAN1/RAN2 agreements that may have impact on RRM requirements. RAN4 should discuss depending on RAN1/RAN2 progress.

So, for licensed operation, our view on necessary RRM requirements is given in Table 1 by assuming FR2 is reused for the frequency range 52.6GHz-71GHz. If new frequency range, e.g., FR3 is defined then most of the current requirements cannot be reused for this new frequency range. 
Table 1.
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	Current NR Cell reselection requirements for FR2 apply
Further depending on conclusion of frequency range definition.

	
	Inter-frequency
	

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

	Handover
	
	Current NR SA handover requirements for FR2 apply
Further depending on conclusion of frequency range definition.

	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) 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) and frequency range definition.

	
	Interruption
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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.
Requirements for BWP switching delay on multiple CCs depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	Radio link monitoring
	Current RLM requirements for FR2 apply.
Further depending on conclusion of frequency range definition and progress in RAN1

	
	Link recovery procedures
	Current link recovery requirements for FR2 apply.
Further depending on conclusion of frequency range definition and progress in RAN1.

	
	Uplink spatial relation switch delay
	Current uplink spatial relation switch delay requirements for FR2 apply.
Further depending on conclusion of frequency range definition

	
	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.
Further depending on conclusion of frequency range definition.

	
	UE measurement capability
	Current UE measurement capability requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	Intra-frequency
	Current intra-frequency measurement requirements for FR2 may apply. PSS/SSS detection performance for 480kHz/960kHz SCS SSBs may need to be studied.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

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

	
	L1-RSRP measurements for reporting
	Current L1-RSRP measurements for reporting requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	L1-SINR measurements for reporting
	Current L1-SINR measurement for reporting requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	Cross link interference measurements
	Current CLI requirements for FR2 apply. 
Further depending on conclusion of frequency range definition.

	
	CSI-RS based measurement
	Current CSI-RS based measurement requirements for FR2 apply. 
Further depending on conclusion of frequency range definition.

	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.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	L1-SINR accuracy (SSB based and CSI-RS based)
	Current L1-SINR accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.



2.2 RRM requirements for operation on unlicensed band
For NR operation on unlicensed band 55GHz-71GHz, RRM requirements are highly dependant on operation scenarios. Since operation scenarios are still under discussion in the RF session, the RRM impacts related to operation scenarios need to be further discussed once there is conclusion. Similar to the new licensed band, the frequency band grouping and conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED state for the new unlicensed band should be defined.
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. 
So, for operation in the new unlicensed band our view on necessary RRM requirements is given in Table 2. 
Table 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) and frequency range definition.

	
	Interruption
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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) and frequency range definition.

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.



3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on RRM requirements for extending current NR operation to 71GHz in both licensed and unlicensed band. Based on analysis following observations and proposals are present.
Observation 1. Frequency band grouping related requirements need to be specified for the licensed band.
Observation 2. Conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED need to be defined for the new band.
Observation 3. Frequency range definition has impact on RRM requirements, especially on per-FR gap related RRM requirements.
Observation 4. SSB SCS related requirements, e.g., UE transmit timing, need to be specified for the 480kHz and 960KHz SSB SCS for operation on the licensed band.
Observation 5. PSS/SSS detection requirements for intra/inter-frequency measurement may be impacted by newly introduced larger SSB SCS for operation on the new licensed band.
Observation 6. data SCS related requirements need to be specified for the 480kHz and 960KHz data SCS for operation on the new licensed band.

Proposal 1: RAN4 works on RRM requirements for standalone single-carrier and multi-carrier operation firstly.
Proposal 2: The new band is added to current frequency band grouping table in section 3.5.
Proposal 3: Conditions for UE measurements procedures and performance requirements in RRC_IDLE state and RRC_CONNECTED need to be defined for the new band.
Proposal 4: for licensed operation, our views on necessary RRM requirements are given in Table 1.
Table 1.
	Requirements
	Comments

	Cell reselection
	Intra-frequency
	Current NR Cell reselection requirements for FR2 apply
Further depending on conclusion of frequency range definition.

	
	Inter-frequency
	

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

	Handover
	
	Current NR SA handover requirements for FR2 apply
Further depending on conclusion of frequency range definition.

	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) 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) and frequency range definition.

	
	Interruption
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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.
Requirements for BWP switching delay on multiple CCs depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	Radio link monitoring
	Current RLM requirements for FR2 apply.
Further depending on conclusion of frequency range definition and progress in RAN1

	
	Link recovery procedures
	Current link recovery requirements for FR2 apply.
Further depending on conclusion of frequency range definition and progress in RAN1.

	
	Uplink spatial relation switch delay
	Current uplink spatial relation switch delay requirements for FR2 apply.
Further depending on conclusion of frequency range definition

	
	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.
Further depending on conclusion of frequency range definition.

	
	UE measurement capability
	Current UE measurement capability requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	Intra-frequency
	Current intra-frequency measurement requirements for FR2 may apply. PSS/SSS detection performance for 480kHz/960kHz SCS SSBs may need to be studied.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

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

	
	L1-RSRP measurements for reporting
	Current L1-RSRP measurements for reporting requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	L1-SINR measurements for reporting
	Current L1-SINR measurement for reporting requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	Cross link interference measurements
	Current CLI requirements for FR2 apply. 
Further depending on conclusion of frequency range definition.

	
	CSI-RS based measurement
	Current CSI-RS based measurement requirements for FR2 apply. 
Further depending on conclusion of frequency range definition.

	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.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.

	
	L1-SINR accuracy (SSB based and CSI-RS based)
	Current L1-SINR accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.



Proposal 5: for unlicensed operation, our views on necessary RRM requirements are given in Table 2.
Table 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) and frequency range definition.

	
	Interruption
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	PSCell addition and release delay
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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) and frequency range definition.

	
	Conditional PSCell change
	Depending on conclusion of operation scenario(s) and frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	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.
Further depending on conclusion of frequency range definition.

	
	L1-RSRP accuracy (SSB based and CSI-RS based)
	Current L1-RSRP accuracy measurement accuracy requirements for FR2 apply.
Further depending on conclusion of frequency range definition.
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