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1. Introduction
The WI on Rel-17 Extending current NR operation to 71GHz in RP 86 [1], and the WID in [2][3][4]. Since this is the first meeting in RAN4 for RRM related discussion, this paper provide some initial discussion on the potential impact of RRM requirements of the Rel-17 Extending current NR operation to 71 GHz
2. Discussion
The objective of the WI is shown as follows:
	
· Physical layer aspects including [RAN1]:
· [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. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· 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.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· 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
· 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
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
· Physical layer procedure(s) including [RAN1]:
· 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.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
· 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.  




The physical layer design and enhancement has been discussed in RAN1 for several meetings in terms of initial access, PDCCH/PUCCH enhancement, PDSCH/PUSCH enhancement and channel access mechanism. As larger SCS and channel bandwidth are introduced, there are potential impact on the existing RRM requirements. We provide the analysis based on RAN1 status in following part.
The most straightforward impact comes from having larger SCS (e.g. 240 KHz, 480 KHz and 960 KHz) which means the length of a symbol and CP is much shorter than the exiting one. In this way, the current RRM requirements shall be reconsidered, such as the timing requirements, interruption requirements. The corresponding RAN1 status are shown as follows:
	RAN1 104-e
Agreement:
Send an LS to RAN4 to get input on gap required for gNBs and UEs for beam switching and for UL/DL and DL/UL switching.
Agreement:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.
Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4
Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4

Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access

Agreement:
If 480 and/or 960 kHz PRACH SCS is supported, RAN1 should study whether or not the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH.

RAN1 104-bis-e
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

Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW

Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB

Agreement:
· PRACH configuration for 480/960 kHz SCS (if agreed)
· The minimum PRACH configuration period is 10 ms (as in FR2)
· For RO configuration for PRACH with 480/960kHz SCS,
· FFS: details of how to configure the 480/960 kHz PRACH ROs using [60 or 120 kHz] reference slot considering at least: 
· location of 480/960 kHz PRACH slot per reference slot
· location of duration containing 480/960khz PRACH slot pattern within 10ms
· potential impact to RA-RNTI calculation




It could be observed from RAN1 status that larger SCS is considered (e.g. 480 KHz and 960 KHz) for non-initial access scenarios. Some RRM requirements are defined in terms of number of symbols/slots, e.g. the interruption requirements. They are defined based on absolute timing and are rounded to number of slots/symbols. Therefore, these requirements shall be defined or updated for the new introduced SCS. Another potential impact is the timing related requirements. In the existing requirements, the timing requirements are derived based on the sampling interval depending on the SCS and minimum bandwidth. For the larger SCS, the min/max bandwidth was discussed in the last RAN4 meeting and the LS reply [5] was sent out with following conclusion:
	R4-2105411

Based on the progress in RAN4#98bis-e, the minimum channel bandwidths for NR operation in 52.6 GHz to 71 GHz were discussed, and the following agreements were made:

· RAN1 question for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· RAN4 decision is option 1-1: 100 MHz

· RAN1 question for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· RAN4 decision is option 2-2: 400 MHz

· RAN1 question for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· RAN4 decision is 3-1: 400 MHz

Additionally, RAN4 agreed on the following maximum channel bandwidths for NR operation in 52.6 GHz to 71 GHz as follow:
· For 120 kHz SCS, 400 MHz
· For 480 kHz SCS, 1600 MHz

The maximum channel bandwidth for 960 kHz SCS is still TBD and RAN4 will inform RAN1 once RAN4 reached an agreement.


These channel bandwidths agreements aim to apply to both licensed and unlicensed bands. However, this is subject to further review of licensed spectrum block sizes.


For other RAN1 questions on channelization and number of RBs for each channel bandwidths, RAN4 currently kick off the discussions and needs more time to conclude. RAN4 will further inform once there is any update.





Base on RAN1 status and RAN4 LS reply, there might be RRM impact on timing requirements. For example, for 120 KHz SCS, the minimum bandwidth agreed in RAN4 is 100 MHz which is larger than what has been defined before. Thus, the assumed FFT size and sampling interval maybe different (smaller sampling interval) and timing related requirements maybe updated. Obviously it is subject to the final channelization and number of RBs for each channel bandwidths.
Observation 1: There might be impact on interruption requirements for new SCS and channel bandwidth.
Observation 2: There might be impact on timing requirement for new SCS and channel bandwidth. 
Another issues identified which may have impact on RRM requirements is the beam switching/sweeping for the new SCS. As asked in RAN1 LS to RAN4 [6], the assumptions for beam switching in legacy requirements is that the time to perform switching could be absorbed within the CP, thus there is no specification about the beam switching impact. However, for the new SCS considering in RAN1, the beam switching time may not be absorbed within the CP length for some SCS (e.g. 960 KHz with CP length less than 100 ns). In the last RAN4 meeting, the corresponding issues were discussed in RF session in terms of UE beam switching time and gNB beam switching time and UL-DL/DL-UL switching time, but without conclusions. If it is decided that addition symbols are needed for beam switching, there may be impact on RRM requirements. For example, the scheduling restriction caused by RLM/BFD/CBD and L3 RRM measurement, the scheduling restrictions apply to the measurement symbol or one data symbol before and after considering the timing difference. However, if additional symbols for beam switching is to be considered, the scheduling restrictions shall be reconsidered accordingly.
Observation 3: The beam switching time for larger SCS may have impact on RRM requirements, e.g. scheduling restrictions, sharing factor among L1 and L3 measurement.
As both licensed and unlicensed operations are considered within the WI, the enhancement targeting channel access in unlicensed band are under discussion in RAN1. Different from the channel access mechanism in Rel-16 NR-U where UE performs omni-LBT over constant LBT bandwidth which is 20 MHz, for the unlicensed operation considering in RAN1, different LBT scheme are under discussion including per-beam LBT sensing, bandwidth to perform LBT, LBT for multi-carriers, LBT/non-LBT mode, .etc. Intuitively speaking, there is no much impact on RRM requirements by the channel access mechanism as RAN4 requirements only consider the outcome of the LBT procedure (LBT success or failure). If different channel access category are to be defined, the corresponding requirements maybe changed accordingly where the channel access category are mainly works are conditions. However, as the framework in RAN1 is not very clear, whether there will be additional impact of new LBT procedure are too premature now.
Observation 4: Usually RRM requirements depend on the LBT outcome (success or failure). Whether there is additional RRM impact of new LBT procedures should be further discussed with more RAN 1 inputs.
Based on the analysis above, there might be potential impact on RRM requirements due to larger SCS and channel bandwidth, beam management for new SCS, channel access mechanism for operation on unlicensed band. However as it is the first meeting in RAN4 and the solutions in RAN1 are still quite diverse, it is proposed to further identify the potential impact of RRM requirements due to larger SCS/BW, beam management and channel access mechanism with more RAN1 conclusions.
Proposal 1: Further identify the potential impact of RRM requirements due to larger SCS/BW, beam management and channel access mechanism with more RAN1 conclusions.
3. Conclusions
Observation 1: There might be impact on interruption requirements for new SCS and channel bandwidth.
Observation 2: There might be impact on timing requirement for new SCS and channel bandwidth. 
Observation 3: The beam switching time for larger SCS may have impact on RRM requirements, e.g. scheduling restrictions, sharing factor among L1 and L3 measurement.
Observation 4: Usually RRM requirements depend on the LBT outcome (success or failure). Whether there is additional RRM impact of new LBT procedures should be further discussed with more RAN 1 inputs.
Proposal 1: Further identify the potential impact of RRM requirements due to larger SCS/BW, beam management and channel access mechanism with more RAN1 conclusions.
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