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Introduction
In RAN#90 meeting, a Rel-17 work item for extending current NR operation to 71GHz was approved and the WID was updated in RAN#91e [1]. While a subcarrier spacing of 120kHz with NCP was recommended to be supported, additional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are also introduced for this frequency range. For channel access, both LBT mode and no-LBT mode are recommended to be supported to cover a wide range of use cases and regulatory requirements. For LBT mode, the channel access mechanism defined in EN 302 567 has been identified as the baseline and enhancements have been identified for further discussion. 
As per the work item, at least the following key RAN1 objectives are likely to have direct impact on RRM requirements (impacts from other objectives are not precluded)
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]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. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
a. Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
b. Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
c. Note: coverage enhancement for SSB is not pursued 
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
a. Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
b. Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
a. Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
b. Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
a. Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
b. Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
c. Study, and if needed specify, energy detection threshold enhancement 
· Specify RRM/RLM/BM core requirements [RAN4]
· 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.

As we can see, support for higher subcarrier spacing and operation in an unlicensed spectrum are two key RAN1 objectives that will have a significant impact on pretty much all the RRM requirements. In this paper, we analyze these objectives to identify RRM requirements that may need to be added or updated.  Based on our analysis of the impact on RRM requirements, a work-plan for RRM core requirements specification is proposed.
Higher sub-carrier spacing
[bookmark: _Hlk71628635]As noted in [1], higher subcarrier spacing of 480kHz and 960 kHz are being considered for data/control channels and reference signals. RAN1 is studying whether additional subcarrier spacing (240 kHz, 480kHz, 960kHz) is needed for SSB and additional subcarrier spacing (480kHz, 960kHz) is needed for initial access related signals in initial BWP. In addition, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access are also being studied by RAN1.
Based on RAN1 decision on SCS of SSB, PRACH, CORESET#0, RMSI etc, RAN4 needs to add new RRM requirements
Observation 1: RAN1 is studying whether additional subcarrier spacing (240 kHz, 480kHz, 960kHz) is needed for SSB and additional subcarrier spacing (480kHz, 960kHz) is needed for initial access related signals in initial BWP.
Observation 2: Additional SCS (480kHz, 960kHz) for SSB for cases other than initial access are also being studied by RAN1
[bookmark: _Hlk71644577]Proposal 1: Depending on the agreements on new SCS from RAN1, RAN4 needs to make the numerology related updates to the RRM requirements for, at least the following items, during the initial discussion
· Timing
· UE transmit timing
· Timing advance
· Maximum transmission timing difference
· Maximum receive timing difference
· Interruptions
· New interruption lengths are needed for pretty much all the scenarios
· Active BWP switch delay
· New BWP switching delay is needed
· Measurement procedures
· Measurement capability, gap patterns, interruptions, applicability rules, CSSF etc
· Intra-frequency, inter-frequency, inter-RAT

Furthermore, new beam management solutions for higher SCS are also being discussed in RAN 1 and are likely to impact active TCI state switching delay, radio link monitoring and link recovery requirements.
Observation 3: RAN1 is discussing new beam management solutions including new beam switching gaps and related timelines.
Proposal 2: Depending on the agreements on new SCS and beam management solutions from RAN1, RAN4 may have to specify new/update RRM requirements, at least for the following items
· Active TCI state switching delay
· Radio link monitoring
· Link recovery
Channel access mechanism
RAN1 is discussing numerous solutions and proposals on multiple channel access related topics, e.g. LBT bandwidth, short control signaling, sensing mechanism, directional LBT, Rx assistance, etc. These solutions are likely to impact the RRM requirements, especially delay related requirements and we may need to specify new requirements and/or update existing requirements. 
Observation 4: RAN1 is discussing new channel access solutions including LBT bandwidth, short control signalling, channel sensing mechanism, directional LBT, Rx assistance etc. which are likely to impact, at-least, all delay related RRM requirements.
Observation 5: Similar to NR-U, the operation in unlicensed bands in the 57-71 GHz bands is likely to impact, at-least, the following requirements:
· Cell re-selection
· Reselection to FR2x PCell 
· Reselection from FR2x PCell 
· Handover
· Handover to FR2x PCell 
· Handover from FR2x 
· RRC connection mobility control
· RRC re-establishment
· Random access
· RRC connection release with re-direction
· Radio link monitoring
· New evaluation periods
· Scell activation/deactivation
· New delays and interruption
· Link recovery procedures
· New evaluation periods
· Active TCI state switching delay
· MAC CE and RRC based
· Measurement procedures
· Intra/inter frequency measurements
· L1-RSRP measurements

Proposal 3: Depending on RAN1 agreements on channel access mechanisms, RAN4 to start specifying requirements, at-least for the above-mentioned RRM topics.
Miscellaneous
RAN4 spent a significant amount of time during NR_Unlicensed WI in identifying the RRM impact of NR opearation in an unlicensed band and specified new requirements. Now that the group already understands the related challenges and has a good foundation of NR operation in unlicensed band in FR1, we should use the procedures and principles identified during NR-U work as a baseline for NR operation in unlicensed spectrum in the 57-71 GHz bands.
Observation 6: RAN4 has already spent significant amount of time on discussing the impact of NR operation in unlicensed spectrum during NR-U work item
Proposal 4: Wherever applicable, RAN4 to use the procedures and principles identified during NR-U WI as the baseline for relevant discussions during this WI.
Another thing to consider is how to capture the new requirements in the spec. For operation in licensed bands, unless a completely new requirement applicable only for 57-71GHz band is introduced, we could just update the corresponding sections for FR2, while for operation in unlicensed bands, we could use the extensions introduced during NR-U and update them with the new requirements for 57-71 GHz band
Proposal 5: 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 57-71GHz related updates. 
Proposal 6: For unlicensed operation, RAN4 should update the corresponding sections introduced during NR-U to add the new requirements for operation in 57-71GHz.
Proposal 7: A new section dedicated to NR in 57-71GHz may be introduced when a completely new item applicable to NR in 57-71GHz only is introduced. Relevant discussion should take place only after such items have been identified and significantly discussed.
Work plan
According to the WID, the core part is supposed to be complete by RAN#95. With the target completion date of March 2022, we propose the following work-plan for the RRM core requirement specification.
· RAN4 #99e (May 2021)
· Initial work plan discussion
· Identify impact on RRM requirement 
· RAN4 #100e (Aug 2021)
· Prioritize discussion on new SCS related updates
· Discussion on channel access and unlicensed operation
· RAN4 #101e (Nov 2021)
· Prioritize discussion on channel access and unlicensed operation
· Discussion on new SCS related updates 
· CR endorsement and agreements
· RAN4 #102e (Feb 2022)
· Prioritize discussion on channel access and unlicensed operation
· Discussion on new SCS related updates
· CR endorsement and agreement
· Core part completion

Conclusion
Observation 1: RAN1 is studying whether additional subcarrier spacing (240 kHz, 480kHz, 960kHz) is needed for SSB and additional subcarrier spacing (480kHz, 960kHz) is needed for initial access related signals in initial BWP.
Observation 2: Additional SCS (480kHz, 960kHz) for SSB for cases other than initial access are also being studied by RAN1
Proposal 1: Depending on the agreements on new SCS from RAN1, RAN4 needs to make the numerology related updates to the RRM requirements for, at least the following items, during the initial discussion
· Timing
· UE transmit timing
· Timing advance
· Maximum transmission timing difference
· Maximum receive timing difference
· Interruptions
· New interruption lengths are needed for pretty much all the scenarios
· Active BWP switch delay
· New BWP switching delay is needed
· Measurement procedures
· Measurement capability, gap patterns, interruptions, applicability rules, CSSF etc
· Intra-frequency, inter-frequency, inter-RAT

Observation 3: RAN1 is discussing new beam management solutions including new beam switching gaps and related timelines.
Proposal 2: Depending on the agreements on new SCS and beam management solutions from RAN1, RAN4 may have to specify new/update RRM requirements, at least for the following items
· Active TCI state switching delay
· Radio link monitoring
· Link recovery

Observation 4: RAN1 is discussing new channel access solutions including LBT bandwidth, short control signalling, channel sensing mechanism, directional LBT, Rx assistance etc. which are likely to impact, at-least, all delay related RRM requirements.
Observation 5: Similar to NR-U, the operation in unlicensed bands in the 57-71 GHz bands is likely to impact, at-least, the following requirements (other items are not precluded):
· Cell re-selection
· Reselection to FR2x PCell 
· Reselection from FR2x PCell 
· Handover
· Handover to FR2x PCell 
· Handover from FR2x 
· RRC connection mobility control
· RRC re-establishment
· Random access
· RRC connection release with re-direction
· Radio link monitoring
· New evaluation periods
· Scell activation/deactivation
· New delays and interruption
· Link recovery procedures
· New evaluation periods
· Active TCI state switching delay
· MAC CE and RRC based
· Measurement procedures
· Intra/inter frequency measurements
· L1-RSRP measurements

Proposal 3: Depending on RAN1 agreements on channel access mechanisms, RAN4 to start specifying requirements, at-least for the above-mentioned RRM topics.
Observation 6: RAN4 has already spent significant amount of time on discussing the impact of NR operation in unlicensed spectrum during NR-U work item
Proposal 4: Wherever applicable, RAN4 to use the procedures and principles identified during NR-U WI as the baseline for relevant discussions during this WI.
Proposal 5: 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 57-71GHz related updates. 
Proposal 6: For unlicensed operation, RAN4 should update the corresponding sections introduced during NR-U to add the new requirements for operation in 57-71GHz.
Proposal 7: A new section dedicated to NR in 57-71GHz may be introduced when a completely new item applicable to NR in 57-71GHz only is introduced. Relevant discussion should take place only after such items have been identified and significantly discussed.
Proposal 8: We propose the following work-plan for the RRM core requirement specification.
· RAN4 #99e (May 2021)
· Initial work plan discussion
· Identify impact on RRM requirement 
· RAN4 #100e (Aug 2021)
· Prioritize discussion on new SCS related updates
· Discussion on channel access and unlicensed operation
· RAN4 #101e (Nov 2021)
· Prioritize discussion on channel access and unlicensed operation 
· Discussion on new SCS related updates 
· CR endorsement and agreements
· RAN4 #102e (Feb 2022)
· Prioritize discussion on channel access and unlicensed operation 
· Discussion on new SCS related updates 
· CR endorsement and agreement
· Core part completion
References
[1] RP-210862, “Revised WID on Extending current NR operation to 71 GHz”, CMCC, RAN#91e

8

4


 


 


1


 


3GPP TSG


-


RAN WG4 Meeting #


9


9


-


e


 


R4


-


 


2111517


 


Online,


 


19


 


–


 


27


 


May


, 


202


1


 


 


 


Agenda item:


 


9


.1


5


.


6


 


Source: 


 


Qualcomm Incorporated


 


T


itle:


 


 


Work plan and 


RRM requirements 


analysis 


for 


NR 


extension to 


71


GHz


 


 


Document for:


 


Discussion and 


decision


 


1.


 


Introduction


 


In RAN#90 meeting, a Rel


-


17 work item for 


extending current NR operation to 71GHz


 


was approved and the WID 


was updated in RAN#91e [


1


]. 


While a s


ubcarrier spacing of 120kHz with NCP was recommended to be 


supported


,


 


a


dditional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are 


also 


introduced for this frequency range. 


For channel access, both LBT mode and no


-


LBT mode are recommended to be supported to cover a wide range of use 


cases and regula


tory requirements. For LBT mode, the channel access mechanism defined in EN 302 567 has been 


identified as the baseline and enhancements have been identified for further discussion.


 


 


As per the 


work item, 


at least the


 


following key 


RAN1 


objectives 


are like


ly to


 


have


 


direct


 


impact on RRM 


requirements


 


(


impacts from other objectives are not precluded


)


 


·


 


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 channe


ls and reference signals, only NCP 


supported. 


 


Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz 


to 960kHz


 


·


 


Time line


 


related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, 


HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and 


CSI, respectively.


 


 


·


 


Supports 120kHz SCS for SSB and 120kHz SCS for initial acces


s related signals/channels in an initial 


BWP.


 


a.


 


Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and 


additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.


 


b.


 


Study and specify, if needed, additi


onal SCS (480kHz, 960kHz) for SSB for cases other than 


initial access.


 


c.


 


Note: coverage enhancement for SSB is not pursued


 


 


·


 


Specify timing associated with beam


-


based operation to new SCS (i.e., 480kHz and/or 960kHz), study, 


and specify if needed, potential e


nhancement for shared spectrum operation


 


a.


 


Rel


-


15/16 and any Rel


-


17 beam management enhancements can be considered for 52.6


-


71 GHz. 


Whether particular features should be excluded for 52.6


-


71 GHz can be further discussed


 


b.


 


Note: As per usual procedure, duplicat


ion of work between work items in Rel


-


17 should be 


avoided


 


·


 


Specify timing associated with beam


-


based operation to new SCS (i.e., 480kHz and/or 960kHz), study, 


and specify if needed, potential enhancement for shared spectrum operation


 


a.


 


Rel


-


15/16 and any Rel


-


17 beam management enhancements can be considered for 52.6


-


71 GHz. 


Whether particular features should be excluded for 52.6


-


71 GHz can be further discussed


 


b.


 


Note: As per usual procedure, duplication of work between work items in Rel


-


17 should be 


avoided


 


·


 


Chan


nel access mechanism assuming beam based operation in order to comply with the regulatory 


requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.


 


a.


 


Specify both LBT and No


-


LBT related procedures, and for No


-


LBT case no 


additional sensing 


mechanism is specified.


 


b.


 


Study, and if needed specify, omni


-


directional LBT, directional LBT and receiver assistance in 


channel access


 


c.


 


Study, and if needed specify, energy detection threshold enhancement 


 


·


 


Specify RRM/RLM/BM core 


requirements


 


[RAN4]


 




   

1 

3GPP TSG - RAN WG4 Meeting # 9 9 - e   R4 -   2111517   Online,   19   –   27   May ,  202 1       Agenda item:   9 .1 5 . 6   Source:    Qualcomm Incorporated   T itle:     Work plan and  RRM requirements  analysis  for  NR  extension to  71 GHz     Document for:   Discussion and  decision   1.   Introduction   In RAN#90 meeting, a Rel - 17 work item for  extending current NR operation to 71GHz   was approved and the WID  was updated in RAN#91e [ 1 ].  While a s ubcarrier spacing of 120kHz with NCP was recommended to be  supported ,   a dditional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are  also  introduced for this frequency range.  For channel access, both LBT mode and no - LBT mode are recommended to be supported to cover a wide range of use  cases and regula tory requirements. For LBT mode, the channel access mechanism defined in EN 302 567 has been  identified as the baseline and enhancements have been identified for further discussion.     As per the  work item,  at least the   following key  RAN1  objectives  are like ly to   have   direct   impact on RRM  requirements   ( impacts from other objectives are not precluded )      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 channe ls and reference signals, only NCP  supported.    Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz  to 960kHz      Time line   related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing,  HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and  CSI, respectively.        Supports 120kHz SCS for SSB and 120kHz SCS for initial acces s related signals/channels in an initial  BWP.   a.   Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and  additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.   b.   Study and specify, if needed, additi onal SCS (480kHz, 960kHz) for SSB for cases other than  initial access.   c.   Note: coverage enhancement for SSB is not pursued        Specify timing associated with beam - based operation to new SCS (i.e., 480kHz and/or 960kHz), study,  and specify if needed, potential e nhancement for shared spectrum operation   a.   Rel - 15/16 and any Rel - 17 beam management enhancements can be considered for 52.6 - 71 GHz.  Whether particular features should be excluded for 52.6 - 71 GHz can be further discussed   b.   Note: As per usual procedure, duplicat ion of work between work items in Rel - 17 should be  avoided      Specify timing associated with beam - based operation to new SCS (i.e., 480kHz and/or 960kHz), study,  and specify if needed, potential enhancement for shared spectrum operation   a.   Rel - 15/16 and any Rel - 17 beam management enhancements can be considered for 52.6 - 71 GHz.  Whether particular features should be excluded for 52.6 - 71 GHz can be further discussed   b.   Note: As per usual procedure, duplication of work between work items in Rel - 17 should be  avoided      Chan nel access mechanism assuming beam based operation in order to comply with the regulatory  requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.   a.   Specify both LBT and No - LBT related procedures, and for No - LBT case no  additional sensing  mechanism is specified.   b.   Study, and if needed specify, omni - directional LBT, directional LBT and receiver assistance in  channel access   c.   Study, and if needed specify, energy detection threshold enhancement       Specify RRM/RLM/BM core  requirements   [RAN4]  

