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1. Introduction
At the RAN1#96 meeting, the enhancements to initial access procedure for NR-U were discussed, and following agreements were made [1]. 
	Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum
Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



In this contribution, we discuss further on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. 
2. Discussion on enhancements to SS/PBCH block transmission as part of DRS
2.1	Principle of NR-U DRS transmission
Since SS/PBCH block transmission is essential in NR system for initial access, RRM/RLM measurements, beam management and so on, multiple candidate SS/PBCH block positions within DRS transmission window for NR-U have been discussed to cope with SS/PBCH block transmission failure due to LBT busy. However, since actual SS/PBCH block transmission position within the DRS transmission window changes in every window according to LBT results, UE needs to search SS/PBCH block in every DRS transmission window. Considering the UE effort to search SS/PBCH block within the window as well as to derive frame timing based on the detected SS/PBCH block, the length of the DRS transmission window should be reasonably short. We consider that 5ms is the best candidate value since it is maximum length of Rel-15 SMTC window duration and it can provide reasonable number of candidate SS/PBCH block transmission positions such as 10 or 20 in case of 15kHz or 30kHz SCS, respectively.
Proposal 1: The duration of NR-U DRS transmission window is 5ms.
· The number of candidate SS/PBCH block positions within NR-U DRS transmission window is 10 in case of 15kHz SCS and 20 in case of 30kHz SCS.

According to Rel-15 specification, maximum number of SS/PBCH block transmissions within a half-frame for 5/6GHz bands would be Lmax=8. We should comply with this specification in Rel-16 NR-U. Therefore, maximum number of actually transmitted DRS units where each DRS unit contains one SS/PBCH block should be 8 within a DRS transmission window even though number of candidate SS/PBCH block transmission positions within the DRS transmission window is more than 8. The actual number of DRS unit transmissions within the DRS transmission window can be any number from 1 to 8. In addition, as in Rel-15, up to 8 SS/PBCH blocks within a half-frame can have same or different QCL properties.
Proposal 2: The maximum number of actual DRS unit transmissions within a DRS transmission window is 8, and the actual number of DRS unit transmissions can be any number from 1 to 8.
· Each of actually transmitted DRS unit within a DRS transmission window can have same or different QCL properties.

NR-U DRS transmission is almost periodic since the DRS transmission window is configured as periodic. As in Rel-15, MIB contents within a PBCH TTI (i.e., 80ms) should be exactly same in NR-U. On the other hand, 8 PBCH bits for timing related information can be different in different SS/PBCH blocks within the PBCH TTI. But in Rel-15 FR1, actually all 8 PBCH bits of SS/PBCH blocks within a half-frame are exactly same, and even between different SS/PBCH blocks in different frames, only 1 or 2 of SFN bits out of 8 PBCH bits are different. Since such property can facilitate PBCH soft-combining within a half-frame and across half-frames, it is beneficial for NR-U to make PBCH bits for timing related information as common as possible within a half-frame and/or across half-frames.
Proposal 3: Within a PBCH TTI (i.e., 80ms), same MIB contents are carried in every SS/PBCH block.
· 8 PBCH bits for timing related information should be as common as possible among different SS/PBCH blocks within a half-frame and/or across half-frames to facilitate PBCH soft-combining.


2.2	Frame timing determination mechanism in NR-U
As proposed in previous sub-section, if NR-U DRS transmission window defines 10 or 20 candidate SS/PBCH block positions within a 5ms half-frame for the case of 15kHz or 30kHz SCS respectively, 4 or 5 bits of candidate SS/PBCH block position index information need to be carried in every SS/PBCH block for half-frame timing determination. There are several possible mechanisms on how to carry such information in SS/PBCH block as below.
· Alt.1: 3 LSBs of candidate position index are carried by PBCH DMRS sequence and 1 or 2 MSBs of candidate position index are carried by PBCH bits for timing related information
· This mechanism seems straightforward since it is almost same as Rel-15 FR2 half-frame timing determination mechanism. This mechanism does not require the change of PBCH DMRS sequence design.
· This mechanism requires PBCH decoding for half-frame timing determination. But since the required number of PBCH bits for half-frame timing determination is not so many, PBCH soft-combining among SS/PBCH blocks within a half-frame and across half-frames would still be possible.
· Since PBCH DMRS sequence is used to carry the part of candidate position index, it cannot directly indicate QCL properties of the SS/PBCH block. In other words, even between SS/PBCH blocks with same PBCH DMRS sequence, QCL properties may be different as shown in Figure 1 (a). In Figure 1 (a), assuming the number of actual DRS unit transmissions within a DRS transmission window is 6, DMRS sequence #0 is used in position index of {#0, #8, #16} where QCL properties are {#0, #2, #4}, respectively. It may complicate the QCL (beam) identification procedure e.g., during RRM measurement.
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Figure 1: Association among QCL properties, DMRS sequence and position index

· Alt.2: Effective SS/PBCH block index are carried by PBCH DMRS sequence and remaining information necessary to derive candidate position index are carried by PBCH bits 
· In this mechanism, PBCH DMRS sequence pattern is used to indicate effective SS/PBCH block index (i.e., QCL properties of the SS/PBCH block) so that UE can assume that SS/PBCH blocks with same PBCH DMRS sequence are QCLed as shown in Figure 1 (b). Effective SS/PBCH block index is from #0 to #N-1 where N is the number of actual DRS unit transmissions within the DRS transmission window, and hence N is equal to or less than 8 and this mechanism does not require the change of PBCH DMRS sequence design. The value of N can be indicated in MIB (not in 8 PBCH bits for timing related information) since it doesn’t change with timing.
· Same as Alt.1, this mechanism also requires PBCH decoding for half-frame timing determination, but PBCH soft-combining would still be possible as long as the required number of PBCH bits for half-frame timing determination is not so many.
· If the number of actual DRS unit transmissions within the DRS transmission window is 8, Alt.2 is same as Alt.1. If the number of actual DRS unit transmissions is small e.g., 1 or 2 in case of 30kHz SCS, the number of required PBCH bits for half-frame timing determination needs to be large e.g., 5 or 4. To avoid such situation, it is possible to associate certain QCL properties with multiple PBCH DMRS sequences in different candidate position as shown in Figure 2. In Figure 2, QCL properties of #0 are associated with DMRS sequence #0 and #2. In addition, it is also possible to limit the available candidate positions within the DRS transmission window in such case since there are sufficient number of candidate positions for certain QCL properties. Therefore, required number of PBCH bits can be saved to 2 in the figure.
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Figure 2: Alt.2 with some modifications for the case of small number of actual DRS unit transmissions

· Alt.3: Candidate position index are carried by PBCH DMRS sequence only
· In this mechanism, PBCH decoding is not necessary for half-frame timing determination. It can facilitate PBCH soft combining among SS/PBCH blocks within a half-frame and across half-frames.
· However, it requires the change of PBCH DMRS sequence design. Since the number of PBCH DMRS sequences needs to be increased, it would cause a performance degradation of candidate position index identification.
· Alt.4: Candidate position index are carried by PBCH bits only
· [bookmark: _GoBack]In this mechanism, PBCH decoding is necessary for half-frame timing determination. Carrying full information of candidate position index in PBCH payload can avoid false identification of position index thanks to CRC.
· Since this mechanism requires larger number of PBCH bits for candidate position index indication, PBCH soft combining among SS/PBCH blocks within a half-frame and across half-frames would be complicated.
· Alt.5: 3 LSBs of candidate position index are carried by PBCH DMRS sequence and 1 or 2 MSBs of candidate position index are carried by combination of PBCH DMRS and SSS such as phase difference
· In this mechanism, PBCH decoding is not necessary for half-frame timing determination. It can facilitate PBCH soft combining among SS/PBCH blocks within a half-frame and across half-frames.
· This mechanism does not require the change of PBCH DMRS sequence design. However, UE needs to detect the phase difference between PBCH DMRS and SSS for half-frame timing determination which is not required in Rel-15 and feasibility/reliability of the phase difference detection has never been evaluated.
Considering the above analysis on alternatives, we consider that the half frame timing determination mechanism should be down-selected between Alt.1 and Alt.2 because of following reasons.
· Alt.1 and Alt.2 do not require the change of PBCH DMRS sequence design.
· Alt.1 and Alt.2 can save the number of required PBCH bits for half-frame timing determination so that it can facilitate PBCH soft combining among SS/PBCH blocks within a half-frame and across half-frames.
· Alt.1 and Alt.2 do not rely on new detection mechanism such as phase difference detection between PBCH DMRS and SSS which may be not reliable.
Proposal 4: The half-frame timing determination mechanism for NR-U is down-selected from following alternatives.
· Alt.1: 3 LSBs of candidate position index are carried by PBCH DMRS sequence and 1 or 2 MSBs of candidate position index are carried by PBCH bits for timing related information
· Alt.2: Effective SS/PBCH block index are carried by PBCH DMRS sequence and remaining information necessary to derive candidate position index are carried by PBCH bits
· In order to keep the number of required PBCH bits for timing related information small, some modification and/or limitation to Alt.2 in case of small number of actual DRS unit transmissions within the DRS transmission window can be considered.

Once the half-frame timing is derived, frame timing and SFN number can also be derived from half-frame indication bit and SFN information in PBCH. In Rel-15, SS/PBCH block transmission periodicity can be {5, 10, 20, 40, 80, 160}ms and any half-frame can be used for SS/PBCH block transmission. In NR-U, since TDD DL/UL configuration would not be fixed considering LBT-based channel access and coexistence with other system without synchronization, there would be no need to have full flexibility on half-frame containing DRS transmission. In addition, DRS transmission window periodicity of 5ms and 10ms would not be necessary. Then, it is possible for NR-U to specify that half frame containing DRS transmission is fixed to first half frame in SFN#0 and corresponding half frames according to DRS transmission window periodicity. In such case, half-frame indication bit and 1 LSB of SFN can be fixed to 0 and PBCH bits for these indications can be reserved for other purpose.
Proposal 5: For NR-U, UE assumes half-frame containing DRS transmission is fixed to first half frame in SFN#0 and corresponding half frames according to DRS transmission window periodicity.
· UE also assumes the DRS transmission window periodicity is equal to or longer than 20ms.
· PBCH bits for half-frame indication and 1 LSB of SFN can be reserved for other purpose.


2.3	Identification of QCL relationship among SS/PBCH blocks in NR-U
The DRS transmission window is configured as periodic, and the DRS unit transmission having certain QCL properties may not be completely periodic due to LBT failure and corresponding change of transmission position within the DRS transmission window. However, for UE procedures using multiple SS/PBCH block samples such as RRM/RLM measurement and beam management, UE needs to identify DRS unit containing SS/PBCH block with same QCL properties in each DRS transmission window timing or each measurement timing. In such case, UE should not be required to perform the identification of QCL properties based on PBCH decoding in every timing. In other words, it is beneficial for NR-U that the association between QCL properties and candidate position within a DRS transmission window is known/configured to UE. Therefore, the association between QCL properties and candidate position within a DRS transmission window should be based on wrap-around of N QCL properties where N is number of actual DRS unit transmissions within the DRS transmission window, and the value of N should be indicated to UE e.g., in MIB. In this case, UE can assume that DRS unit containing SS/PBCH block in candidate position #i with same value of mod(i, N) are QCLed. This assumption is applicable to both Alt.1 and Alt.2 in previous subsection.
Regarding whether PBCH DMRS sequence index is same or not between SS/PBCH blocks across the DRS transmission windows with the same candidate position within each DRS transmission window, we think that PBCH DMRS sequence should be same across DRS transmission windows with the same candidate position within DRS transmission window. Otherwise, UE needs to blindly detect all possible PBCH DMRS sequence on every candidate position in every DRS transmission window.
If multiple DRS units within the DRS transmission window have same QCL properties, i.e., repetition of DRS units with same beam, some additional information is necessary to inform UE about such QCL relationship. For example, the number of repetitions of DRS units with same beam can be indicated to UE in addition to the value of N. However, since available PBCH bits would be quite limited even if it is possible to assume some NR-U specific limitation such as no subcarrier offset between SSB PRB and RMSI PRB and a few configurations for CORESET#0 and/or SearchSpace#0, such additional QCL information related to beam repetition should not be in MIB.
Proposal 6: For NR-U, UE assumes that DRS unit containing SS/PBCH block in candidate position #i with same value of mod(i, N) are QCLed, where the wrap-around factor N is indicated in MIB.
· For a given cell, UE may assume that PBCH DMRS sequence index is same between SS/PBCH blocks across the DRS transmission windows with the same candidate position within each DRS transmission window.


2.4	PDSCH rate matching around candidate SS/PBCH block resources
For PDSCH reception within NR-U DRS transmission window, UE rate matching behaviour around candidate SS/PBCH block resources should be considered. In Rel-15, UE rate matching behaviour around SS/PBCH block resources is defined in Section 5.1.4 of TS38.214 [2], and it is based on the higher layer indication of actually transmitted SS/PBCH block indices. However, in NR-U, the position of actually transmitted SS/PBCH block would be changed in different periods due to different LBT results. Therefore, we propose to consider following two alternatives.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· In this alternative, UE performs rate matching around all candidate SS/PBCH block resources within NR-U DRS transmission window. It is simple mechanism since no indication is necessary, but it is inefficient when there are candidate SS/PBCH block resources that are actually available for PDSCH within DRS transmission window.
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
· In this alternative, the rate matching indicator in DCI format 1_1 can be extended to indicate availability of candidate SS/PBCH block resources in each slot. Therefore, when SS/PBCH blocks could be transmitted in early timing within DRS transmission window, remaining candidate SS/PBCH block resources within DRS transmission window can be used for PDSCH transmission.
Proposal 7: UE performs rate matching around candidate SS/PBCH block resources within DRS transmission window based on either one of followings.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI


3. Discussion on enhancements to OSI/paging procedures
In Rel-15 NR, OSI/paging PDCCH monitoring behaviour is dependent on SS#0 or other SS as below [3].
	If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13. For DCI formats with CRC scrambled by a C-RNTI, the UE monitors corresponding PDCCH candidates only at monitoring occasions associated with a SS/PBCH block that is quasi-co-located with a CSI-RS in a TCI-state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state is determined by the most recent of 
-	an indication by a MAC CE activation command, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a non-contention based random access procedure
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID.   



In case that SS#0 is used for Type0A/2-PDCCH CSS set, UE behaviour for OSI/paging PDCCH monitoring should be same as that for RMSI PDCCH monitoring. If LBT failure happens at the original PDCCH occasion which is associated to a candidate SS/PBCH block position index #n, other candidate PDCCH occasion which is associated to a candidate SS/PBCH block position index #N+n where SS/PBCH block transmission in position index #N+n is QCLed with the SS/PBCH block transmission in position index #n can be used.
In case that SS-ID other than #0 is used for Type0A/2-PDCCH CSS set, CONNECTED mode UE in Rel-15 does not assume any association between PDCCH monitoring occasion and SS/PBCH block index and the UE determines PDCCH monitoring occasion according to the search space set configuration. In this case, gNB already has scheduling flexibility for each beam. In IDLE/INACTIVE mode, Rel-15 UE determines PDCCH monitoring occasion based on the association between an actually transmitted SSB and PDCCH monitoring occasions within SI window or PO according to Section 5.2.2.3.2 of TS38.331 and Section 7.1 of TS38.304. For OSI, it is possible to set multiple PDCCH monitoring occasions associated to each candidate SS/PBCH block position index within SI window. For paging, since each PO contains “S” PDCCH monitoring occasions where “S” is the number of actually transmitted SSBs in Rel-15 specification, there is only one PDCCH monitoring occasion in each PO for each actually transmitted SS/PBCH block. Therefore, PO definition for NR-U should be extended so that the number of PDCCH monitoring occasions in each PO can be more than the number of actual DRS unit transmissions within a DRS transmission window.
Proposal 8: For paging in NR-U, the number of PDCCH monitoring occasions in each PO can be larger than the number of actual DRS unit transmissions within DRS transmission window.


4. Discussion on enhancements to RACH procedure
4.1	RACH resource enhancements
Considering LBT failure, RACH resource enhancements are discussed in SI and RAN1 identified following options. 
Opt. 1: Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
Opt. 2: Time-domain enhancements:
Opt. 2a: For connected mode UE, scheduling of PRACH resources via DCI. 
Opt. 2b: For idle mode UE, scheduling of PRACH resources via paging
Opt. 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
Opt. 2d: Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
Opt. 2e: Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Especially when multiple other systems coexist, available sub-band(s) may vary every LBT opportunity and it may be difficult to set the PRACH resource appropriately. Additionally, an interference from a hidden node may degrade PRACH detection performance in LBT sub-band(s) where the interference exists. In order to avoid increasing the latency of RACH procedure due to such LBT failure and/or PRACH detection failure, frequency domain enhancement should be efficient when NR-U system uses multiple LBT sub-bands. 
Proposal 9: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.

For time-domain enhancement, allocating multiple PRACH resources seems inefficient since some of them may be unnecessary if PRACH could be transmitted at the first PRCH resource. Therefore, dynamic scheduling of the PRACH resource e.g., within gNB-initiated COT seems preferable in terms of resource efficiency. Opt. 2a and Opt. 2b seem better at this point. Time domain enhancement should be applied in the case where one LBT sub-band is used.
Proposal 10: The dynamic scheduling of the PRACH resource should be considered as time-domain enhancement of RACH resource.

4.2	Msg 2 transmission enhancements
For msg 2 transmission enhancement, following options are mentioned in the TR.
    Opt. 1: The maximum RAR window size extension beyond 10 ms
    Opt. 2a: Preconfigured/pre-indicated/scheduled multiple opportunities in frequency-domain
Opt. 2b: Preconfigured/pre-indicated/scheduled multiple opportunities in time-domain

The maximum RAR window size extension beyond 10 ms is a reasonable way to avoid increasing RACH procedure latency due to msg 2 transmission failure in RAR window when the channel is busy. Additionally, multiple opportunities in frequency-domain seems better to be supported because of the same reason for msg 1 enhancement. On the other hand, time-domain enhancement seems not necessary as long as the maximum RAR window size is extended.
Proposal 11: The maximum RAR window size extension beyond 10 ms is supported for NR-U.
Proposal 12: Frequency-domain enhancement of msg 2 transmission is supported for NR-U.


5. Discussion on enhancements to RRM/RLM procedures
5.1	Measurement window configuration for RRM/RLM
In Rel-15, SS/PBCH block based RRM/RLM procedures are defined. RRM measurement based on SS/PBCH block is performed within a configured SMTC window. SMTC window periodicity can be same or longer than the SS/PBCH block transmission periodicity. RLM based on SS/PBCH block is performed according to the SS/PBCH block transmission periodicity. CSI-RS based RRM/RLM procedures are also defined in Rel-15. The periodicity and timing of CSI-RS resource are configured for each CSI-RS resource to be measured.
For DRS based RLM in NR-U, DRS transmission timing and periodicity need to be configured. The DRS transmission window discussed in Section 2 contains candidate DRS resources, and actual DRS transmission timing within the DRS transmission window would be changed according to LBT results. Therefore, DRS transmission window configuration including periodicity, offset and potentially duration should be used for RLM procedure, i.e., DRS transmission window configuration is the RLM DMTC. Then, there is no case where SSB of serving cell occurs outside the RLM DMTC. 
The actual resource to be monitored for RLM is determined based on RLM-RS configuration or PDCCH TCI state configuration, and it may be changed to different resource with same QCL assumption in different periods due to LBT failure.
Proposal 13: The DRS transmission window configuration including at least periodicity, offset and potentially duration is provided as RLM DMTC.
· UE performs RLM based on DRS configured as RLM-RS within DRS transmission window, and different DRS resource with same QCL assumption may be used in different periods due to LBT failure.

Same as Rel-15, RRM measurement periodicity can be longer than the RS transmission periodicity, e.g., SMTC window periodicity can be longer than SSB transmission periodicity of the serving cell. So, the RRM DMTC for DRS based RRM measurement should be separately configured from the DRS transmission window configuration, i.e., RLM DMTC.
Proposal 14: The RRM DMTC for DRS based RRM measurement is separately configured from the DRS transmission window configuration.


5.2	RSSI and channel occupancy measurement/reporting
In LTE-LAA, separate measurement window configuration for RSSI/channel occupancy measurements is configured as RMTC (RSSI Measurement Time Configuration). Since these measurements are supported mainly for estimating the presence of hidden node(s), i.e., these are for measuring coexisting system, there would be no need to change the measurement mechanism from LTE-LAA for NR-U RSSI/channel occupancy measurement. 
Proposal 15: For the RSSI and channel occupancy measurement/reporting, following configurations are supported as in LTE-LAA.
· Duration, periodicity and timing offset of RSSI measurement window are configured as part of RRM measurement configuration.
· RSSI threshold to be used for channel occupancy evaluation can also be configured.


6. Conclusion
In this contribution, we discussed on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. Based on the discussion, we made following proposals.
Proposal 1: The duration of NR-U DRS transmission window is 5ms.
· The number of candidate SS/PBCH block positions within NR-U DRS transmission window is 10 in case of 15kHz SCS and 20 in case of 30kHz SCS.
Proposal 2: The maximum number of actual DRS unit transmissions within a DRS transmission window is 8, and the actual number of DRS unit transmissions can be any number from 1 to 8.
· Each of actually transmitted DRS unit within a DRS transmission window can have same or different QCL properties.
Proposal 3: Within a PBCH TTI (i.e., 80ms), same MIB contents are carried in every SS/PBCH block.
· 8 PBCH bits for timing related information should be as common as possible among different SS/PBCH blocks within a half-frame and/or across half-frames to facilitate PBCH soft-combining.
Proposal 4: The half-frame timing determination mechanism for NR-U is down-selected from following alternatives.
· Alt.1: 3 LSBs of candidate position index are carried by PBCH DMRS sequence and 1 or 2 MSBs of candidate position index are carried by PBCH bits for timing related information
· Alt.2: Effective SS/PBCH block index are carried by PBCH DMRS sequence and remaining information necessary to derive candidate position index are carried by PBCH bits
· In order to keep the number of required PBCH bits for timing related information small, some modification and/or limitation to Alt.2 in case of small number of actual DRS unit transmissions within the DRS transmission window can be considered.
Proposal 5: For NR-U, UE assumes half-frame containing DRS transmission is fixed to first half frame in SFN#0 and corresponding half frames according to DRS transmission window periodicity.
· UE also assumes the DRS transmission window periodicity is equal to or longer than 20ms.
· PBCH bits for half-frame indication and 1 LSB of SFN can be reserved for other purpose.
Proposal 6: For NR-U, UE assumes that DRS unit containing SS/PBCH block in candidate position #i with same value of mod(i, N) are QCLed, where the wrap-around factor N is indicated in MIB.
· For a given cell, UE may assume that PBCH DMRS sequence index is same between SS/PBCH blocks across the DRS transmission windows with the same candidate position within each DRS transmission window.
Proposal 7: UE performs rate matching around candidate SS/PBCH block resources within DRS transmission window based on either one of followings.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
Proposal 8: For paging in NR-U, the number of PDCCH monitoring occasions in each PO can be larger than the number of actual DRS unit transmissions within DRS transmission window.
Proposal 9: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.
Proposal 10: The dynamic scheduling of the PRACH resource should be considered as time-domain enhancement of RACH resource.
Proposal 11: The maximum RAR window size extension beyond 10 ms is supported for NR-U.
Proposal 12: Frequency-domain enhancement of msg 2 transmission is supported for NR-U.
Proposal 13: The DRS transmission window configuration including at least periodicity, offset and potentially duration is provided as RLM DMTC.
· UE performs RLM based on DRS configured as RLM-RS within DRS transmission window, and different DRS resource with same QCL assumption may be used in different periods due to LBT failure.
Proposal 14: The RRM DMTC for DRS based RRM measurement is separately configured from the DRS transmission window configuration.
Proposal 15: For the RSSI and channel occupancy measurement/reporting, following configurations are supported as in LTE-LAA.
· Duration, periodicity and timing offset of RSSI measurement window are configured as part of RRM measurement configuration.
· RSSI threshold to be used for channel occupancy evaluation can also be configured.
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