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Introduction
In the RAN1#98b meeting, some details about the enhancements to signals and procedures for NR-U were discussed, and the following agreements and conclusion on initial access procedure had been achieved [1]:
Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)
· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.
· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.
· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot
· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.
· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.
Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA
Conclusion:
No new medium contention/load metrics other than channel occupancy are introduced
Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms
Agreement:
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U
In this contribution, based on achieved agreements we further discuss remaining essential functionality about enhancements to DRS transmission pattern, the indication of Q, RRM measurements and radio link monitoring for NR-U. With respect to efficient and forward compatible design principle, the enhancements should reuse the decisions made in the NR as much as possible and avoid unnecessary divergence [2].
Enhancement to DRS transmission 
2.1 DRS transmission pattern
As agreements in previous meetings, NR-U supports 15KHz SCS and 30KHz SCS for SSB in 5GHz band and 6GHz band respectively, and maximum configurable duration of DRS transmission window is 5ms. So, for 15 kHz and 30 kHz SCS, if X=8, the duration of DRS burst set transmission will be up to 4 ms and 2 ms, respectively. Further, for the band of sub7GHz in NR-U, since beam forming gain is limited to some extent compared with that of in FR2, the maximum number of non-QCLed beams more than 4 is not necessary in this sense. According to TR 38.889[2], Cat-2 LBT could be adopted for DRS transmission only when the total DRS duty cycle in DRS burst set period is less than 1/20, and the DRS burst set duration is up to 1ms, which means 4 DRSs could be transmitted at most within duration. 
Considering the impact of LBT failure and 1ms COT when Cat-2 LBT is employed, X could be reduced to 2 and 4 for 15 kHz and 30 kHz SCS, respectively. Consequently, with shift granularity of 0.5ms, more opportunities could be provided for compensating dropped SSB due to LBT failure within DRS transmission window. On the contrary, considering different deployment scenarios and implementation of shift granularity, if the duty cycle is larger than 1/20 or DRS burst set duration is larger than 1ms, Cat-4 LBT could be employed for DRS transmission. Consequently, X value of 8 could be an optional choice for 15 kHz and 30 kHz SCS under such circumstances.
Proposal 1: If Cat-2 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 2 and 4 for 15 kHz and 30 kHz SCS, respectively.
Proposal 2: If Cat-4 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 8 for 15 kHz and 30 kHz SCS.
2.2 The indication of Q
Since no further down selection is made for set of Q values, for Q = {1,2,4,8}, 2 bits are adequate to indicate Q values for a serving cell. MIB in Rel-15 NR includes following IEs: 
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BITSTRING (SIZE (6)),
	subCarrierSpacingCommon			ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                     INTEGER (0..255),
    cellBarred                            ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                                  BITSTRING (SIZE (1))
}
For the purpose of less impact on Rel-15 NR and keeping spare bit unchanged for future usage, some other IEs could be considered to provide two bits by size reducing or converting unnecessary interpretation. Obviously, systemFrameNumber is not feasible choice because SFN indication in NR-U is the same as that of Rel-15 NR. Regarding subCarrierSpacingCommon and pdcch-ConfigSIB1 with 8 bits length, the latter in Rel-15 NR is comprised of followed: 
PDCCH-ConfigSIB1 ::=                SEQUENCE {
    controlResourceSetZero            ControlResourceSetZero,
    searchSpaceZero                     SearchSpaceZero
}
As agreed in the past several meetings, the SSB and CORESET #0 configuration for NR-U should satisfy at least the following properties:
· The SCS for all SSBs and CORESET#0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHzSCS.
· Only CORESET #0 lengths of 1 and 2 symbols are supported for NR-U
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 
· monitoring slots for Type0 PDCCH search space are associated with SSBs that are QCL with the SSB from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
So, compared with Rel-15 NR, these limitations on physical resource configuration and multiplexing pattern for SSB and CORESET#0 should be utilized. Consequently, one bit length IE subCarrierSpacingCommon could be converted to part of Q value indication with new interpretation. Similarly, the size of pdcch-ConfigSIB1 also could be reduced by deleting some entries in corresponding Tables 13-1 through 13-15(13. TS38.213) which are inapplicable to NR-U, and then Q value indication could be included within MIB. 
Proposal 3: Parameter Q should be indicated within the MIB for NR-U with modification to IEs pdcch-ConfigSIB1 and subCarrierSpacingCommon in MIB of Rel-15 NR.
According to the agreement in RAN1#94bis, parameter X denotes the maximum number of transmitted SSBs within DRS transmission window. While, Q denotes the number of non-QCLed SSBs in a burst set which can be used to determine candidate positions within a DRS transmission window for certain SSB. Based on most companies understanding in the past several meetings, Q is the maximum number of SSBs instead of the number of actually transmitted SSBs, then we could treat Q as X. Similar to the SSBs transmission in Rel-15 NR, the number of actually transmitted SSBs could be less than Q, especially for the deployment options of Q=8. As the agreement mentioned above, 8 bits length IE ssb-PositionsInBurst is configured as in Rel-15 NR where the IE is mainly used for rate matching of serving cell. However, unlike that of Rel-15 NR, the interpretation of each bit 1 in ssb-PositionsInBurst for NR-U should be the indication that corresponding SSB could be actually transmitted on any one of its candidate positions in time domain according to LBT result, vice versa for bit 0. So, we have 
Observation 1: SSB transmission related rate matching of serving cell in NR-U should base on actually transmitted SSBs indication and Q value indication jointly.
Enhancement to RRM/RLM
2 
3 
3.1 IS and OOS
In NR Rel-15, since SSB and CSI-RS are transmitted periodically, both SSB based and CSI-RS based radio link monitoring(RLM) procedures are defined to assess radio link quality and report out-of-sync/in-sync status to higher layers. SSB resources, together with CSI-RS resources could be utilized as RLM-RS resources. If hypothetical block error rate (BLER) estimated on any RLM-RS resource in the frame is better than the configured threshold, UE indicates in-sync to higher layer. When BLERs estimated on all RLM-RS resources are worse than another configured threshold, out-of-sync status is reported. Similar to the critical issue on DRS transmission, the uncertainty of LBT outcome will also affect the assessment of radio link quality with false alarm due to gNB’s failing to obtain channel occupancy and transmit RLM-RS(s) to UE in a set of configured slots. For missing RLM-RS，UE cannot distinguish this case from the case caused by poor link quality. 
As agreed in RAN1#97, for SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window for NR-U. Although it has been identified to be beneficial to include CSI-RS in DRS, CSI-RS also could be configured outside the DRS transmission window, which can mitigate the impact of LBT failure on RLM to some extent, especially utilizing the aperiodic CSI-RS for in-sync evaluation. Then, for CSI-RS based RLM, the RLM measurement occasions should be defined according to dedicated CSI-RS configuration. 
Proposal 4: For CSI-RS based RLM, RLM-RS within the RLM measurement window and outside RLM window should be used for in-sync evaluation.
To handle the impact of missing RLM-RS during RLM measurement window, enhancement to radio link quality indication mechanism should be considered. For NR-U, since missing RLM-RS transmission is normally inevitable in heavily loaded serving cell, UE could count the number of consecutive RLM-RS detection failures before counter overflow, instead of triggering RLF immediately. The threshold for the counter could be evaluated according to simulations of variously loaded cells. Further, if a method is introduced to inform UE of the missing RLM-RS transmission, the counting rule could be improved accordingly so that UE can determine radio link quality with higher accuracy. 
Proposal 5: To mitigate the impact of LBT failure on RLM-RS transmission, a counter of RLM-RS detection failure could be introduced with certain threshold for triggering RLF.
3.2 RSSI and channel occupancy measurement
In Rel-13 LTE-LAA, to indicate the channel congestion level and detect hidden nodes, RRSI measurement with RMTC is applied to given CC in the unlicensed frequency band. The average RSSI per reporting period and the percentage of OFDM symbol level RSSI above the configured channel occupancy threshold during each reporting period are measured and reported together. 
As agreed in RAN1#96 meeting, the similar mechanism reporting RSSI and channel occupancy status is also supported in NR-U. Hence, the RMTC parameters in Rel-13 LTE-LAA, such as reporting period, RSSI measurement duration and measurement bandwidth, should be considered further to adapt to NR-U scenarios. The range of configurable reporting period(original 120ms at least) and time offset within period should be redesigned. Different from the fixed 15KHz SCS in LTE-LAA, multiple flexible SCSs are utilized in NR-U, and the corresponding definition of RSSI measurement duration, threshold for channel occupancy and measurement bandwidth need to be configurable according to different SCSs or in terms of absolute metric unit. 
Proposal 6: For the RSSI and channel occupancy measurement in NR-U, Rel-13 LTE-LAA measurement metric and mechanism should be supported with enhanced configurable parameters such as reporting period, measurement duration and measurement bandwidth . 
[bookmark: OLE_LINK1]Compared with LTE-LAA and WiFi, NR-U can operate on wideband and UE can perform sub-band level RSSI measurement and report the result according to its capability on part of wide band wherein LBT result is successful. Existing RSSI metric is capable of sub-band level measurement, so there is no need for enhancement at this point. Meanwhile, based on the results of each sub-band level RSSI measurements from UE, gNB could further obtain wideband RSSI measurement in the mass by combining multiple sub-band measurements.
Proposal 7: Based on LBT bandwidth in NR-U, sub-band level RSSI measurements and reporting for UE should be supported.
Conclusion
In this contribution, we discuss enhancements to initial access procedures for NR-U. The following proposals are made: 
Observation 1: SSB transmission related rate matching of serving cell in NR-U should base on actually transmitted SSBs indication and Q value jointly.
Proposal 1: If Cat-2 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 2 and 4 for 15 kHz and 30 kHz SCS, respectively.
Proposal 2: If Cat-4 LBT is employed, the maximum number of transmitted SSB within the DRS transmission window X should be 8 for 15 kHz and 30 kHz SCS.
Proposal 3: Parameter Q should be indicated within the MIB for NR-U with modification to IEs pdcch-ConfigSIB1 and subCarrierSpacingCommon in MIB of Rel-15 NR.
Proposal 4: For CSI-RS based RLM, RLM-RS within the RLM measurement window and outside RLM window should be used for in-sync evaluation.
Proposal 5: To mitigate the impact of LBT failure on RLM-RS transmission, a counter of RLM-RS detection failure could be introduced with certain threshold for triggering RLF.
Proposal 6: For the RSSI and channel occupancy measurement in NR-U, Rel-13 LTE-LAA measurement metric and mechanism should be supported with enhanced configurable parameters such as reporting period, measurement duration and measurement bandwidth . 
Proposal 7: Based on LBT bandwidth in NR-U, sub-band level RSSI measurements and reporting for UE should be supported.
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