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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK2]In the previous RAN plenary meeting #82bis, the WI for NR unlicensed (NR-U) was approved [1]. Based on the new WID for NR-U [2], the following physical layer aspects for initial access should be specified:
-	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SSB numerology assumed per band for Pcells in unlicensed spectrum.
- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure; and, time-permitting, specification of 2-step RACH procedure. 
-	Paging: specify required NR modifications to enhance paging opportunities by increasing time-domain paging occasions or paging monitoring occasions while taking UE power consumption into account.
-	System information: specify required NR modifications to enhance acquisition of system information in NR-U including increased transmission opportunities in time domain for SI transmission. 
[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131]- 	RLM/RRM (including multi-beam operation) extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. 
The following agreements on enhancements to initial access procedure were made in the RAN1#96b meeting:
Agreement:
· The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement: 
· For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
Agreement:
· UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

In RAN1#96, the following agreements for SSB and RLM were achieved:  
[bookmark: OLE_LINK72]     Agreement on SSB:
· [bookmark: OLE_LINK116][bookmark: OLE_LINK117]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 on RLM:
· 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
· [bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]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 
· 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
[bookmark: OLE_LINK65][bookmark: _Ref129681832]In this contribution, we further discuss remaining issues on initial access including DRS, PRACH. Considerations on paging and RRM/RLM are also discussed.
NR-U DRS transmission scheme
Enhancement to DRS transmission
In our companion contribution [3], a DRS consists of one or multiple “DRS blocks”. Each DRS block contains at least a SSB and optionally RMSI/OSI/paging with the same QCL assumption. The duration of a DRS block depends on whether RMSI/OSI/paging are included and which MCS(s) are used. The composition of DRS block(s) within a DRS should be same. The SSB in a DRS block should be transmitted at a pre-defined SSB position within DRS transmission window. Given one to one mapping between possible DRS block transmission position and SSB transmission position when composition of DRS block is configured, as illustrated in Fig 1, we will discuss how to transmit equivalent SSB for simplicity. 


[bookmark: _Ref4656325]Fig 1. DRS block and SSB position in DRS transmission window
According to the agreement in RAN1#96, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows. gNB will attempt to perform LBT before every candidate SSB position within DRS transmission window until LBT succeeds.  As illustrated in Fig 2, if LBT for gNB fails at the beginning of SSB/DRS transmission window and succeeds prior to the third candidate transmission position (corresponding to SSB 2), it will commence SS/PBCH block transmission at that candidate SSB position. In this case, part of SS/PBCH block burst set (SSB2 and SSB3) is transmitted at the original configured SSB positions while the others (SSB0 and SSB1) are transmitted in the following transmission instances. More precisely, QCL assumption of the first transmitted SS/PBCH block in a SSB burst set is not fixed, which depends on dynamic LBT results. 



[bookmark: _Ref4656334]Fig 2. NR-U SS/PBCH block transmission scheme using Alt-2 
In NR Rel-15 FR1, a UE acquires QCL assumption only based on PBCH DMRS. It is beneficial for neighbor cell RRM measurement since a neighbor cell UE is only required to detect PBCH DMRS to acquire QCL assumption of SSB without further decoding PBCH payload. In NR Rel-15, 3 bits could be carried by PBCH DMRS, and it is sufficient to carry QCL assumption indication considering the number of transmitted SSB will not exceed 8 in NR-U. 
Proposal 1: QCL assumption indication of SS/PBCH block should be indicated solely by PBCH DMRS. The number of PBCH DMRS sequence in NR Rel-15 is sufficient for NR-U.
As discussed in FL summary in RAN1#96[6] , the following alternatives were proposed for serving cell timing acquisition. 
· Alt-1a: The candidate SSB positions within the DRS transmission window are indexed from 0…Y-1 using 3 bits in PBCH DMRS sequence and 2 bits in PBCH payload. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure in FR2.
· Alt-1b: UE determines the timing   , where c is the cycle index indicated in the MIB,  is the number of cycled/transmitted DMRS sequences from the total number of sequences  and given by the number of transmitted beams X as the maximum integer multiple of the number of transmitted beams per cell, subject to _tot, and s denotes the DMRS sequence index.
· Alt-2: Timing information of the potential SS/PBCH block location in a DRS window shall be carried by the DMRS of PBCH in the corresponding SS/PBCH block.
FFS: Increase in number of PBCH DMRS sequences beyond 8.
· Alt-4: Frame timing is obtained with the combination of PBCH DMRS sequence and SSS. SS/PBCH block index is derived with the combination of PBCH DMRS sequence and SSS.
Alt-1a is same as Rel-15 NR mechanism in FR2. A UE is required to detect both PBCH DMRS and PBCH payload to acquire serving cell timing. In order to recover QCL relationship from SSB position for beam specific RRM measurement, the number of transmitted SSB is needed as well. Assuming Y=20 for SSB with 30kHz SCS, in additional to 8 PBCH DMRS sequences (corresponding to 3 bit LSB of SSB position index), 2 additional bits corresponding to 2 MSB of SSB position index shall be  carried in PBCH payload.     
A UE is required to detect both PBCH DMRS and PBCH payload to acquire serving cell timing if Alt-1b is adopted. However, the main advantage of Alt-1b over Alt-1a is that a UE is only required to detect PBCH DMRS sequence to acquire QCL assumption of transmitted SSB, which facilitates neighbor cell RRM measurements. The number of transmitted DMRS sequences should be carried in PBCH payload to recover serving cell timing. If allowing different PBCH DMRS sequences represent same QCL assumption within and across DRS transmission window, the required number of bit in PBCH to indicate cycle index could be saved. Assuming Y=20 and at most 8 PBCH DMRS sequences can be used, additional 2 bits are necessary to indicate cycle index in PBCH payload. UE should be notified through higher layer signaling the number of transmitted PBCH DMRS and SSB in neighbor cell to recover QCL when configured for neighbor cell measurement. Alternatively, if only allowing same PBCH DMRS for same QCL assumption (Alt1b’), UE is not required to know the number of transmitted SSB, at cost of more cycle index bits carried in PBCH (e.g. 5 bits). Alt 1b’ also facilitates PBCH soft combining within and across DRS transmission window since UE can acquire the QCL of SSB in the serving cell without decoding PBCH payload. An illustrative example is plotted in Fig 3. It is beneficial for coverage extension, and also improves the performance of RSRP measurement and frequency offset estimation.
For Alt-2, introduce more PBCH DMRS sequence candidates will lead to detection performance degradation, which shall be avoided since PBCH DMRS sequence is critical for cell time synchronization acquisition. Similarly, SSB index is more reliable to be carried by PBCH due to existence of CRC instead of being carried by SSS. Hence Alt-4 shall not be considered for NR-U operation.
Proposal 2: Alt-1b/1b’ is preferred for a UE to acquire serving cell time synchronization and QCL assumption. 
Observation 1: Alt 1b’ is more suitable if beam repetition in DRS transmission window and PBCH soft combining across DRS transmission windows were supported.
Shift granularity between candidate SSBs positions/candidate groups of SSBs depends on the deployment scenarios and composition of DRS. In CA mode, only SSB is transmitted and the shift granularity of SSB could be as small as one SSB location. While in DC/SA mode, SSB and other signal(s)/channel(s) may be jointly transmitted in DRS, and the corresponding shift granularity could be one DRS block. The DRS block can be half slot or one slot depending on the content and MCS of RMSI/OSI/paging. One example of timing acquisition from PBCH DMRS sequence and cycle index in PBCH following Alt 1b/1b’ considering DRS shift granularity of one slot is plotted in Fig 4. In order to make full use of PBCH DMRS sequence, an indication of DRS shift granularity is beneficial.
Proposal 3: At least the following fields are required in PBCH payload for UE to acquire serving cell timing:
· Number of cycled/transmitted PBCH DMRS sequence
· Cycle index	
· DRS shift granularity  

[bookmark: _Ref4663431][bookmark: _Ref4000580][bookmark: _Ref4749059]Fig 3. Comparison between two options for Alt-1b (DRS duration length=half slot)

[bookmark: _Ref4663434]Fig 4. Comparison between two options for Alt-1b (DRS duration length=one slot)
 
DRS duration and SSB candidate positions
According to ETSI regulation [4], short control signaling could be transmitted without CAT 4 LBT if the number of transmission is less than 50 times and the total transmission duration is less than 2500 µs within an observation period of 50 ms. 
As discussed in TR 38.889 [5], CAT 2 LBT could be adopted for DRS transmission only when the DRS duty cycle ≤ 1/20, and the total duration is up to 1 ms. Hence at maximum 4 SSB multiplexed with RMSI could be transmitted within 2 slots (1 ms). 
According to last meeting’s agreements, the maximum DRS transmission window duration is 5 ms, and the corresponding maximum number of candidate SSB position s within a DRS transmission window, Y, is selected as 10 and 20 for 15 kHz SCS and 30 kHz SCS, respectively. From our understanding, to support full beam flexibility in DRS configuration as NR Rel-15, at most 8 beams could be adopted for DRS transmission. For a DRS block length equals to one slot, DRS burst length could be 8 consecutive slots for both 15 kHz and 30 kHz SCS cases.
Proposal 4: If CAT 2 LBT is adopted for DRS transmission, the maximum allowed transmission duration of DRS is 1ms.
Proposal 5: To support full beam flexibility in DRS configuration, DRS burst length could be at most 8 consecutive slots for both 15 kHz and 30 kHz SCS cases.
At SI stage, the transmission of OSI and paging within the NR-U DRS was agreed. It is beneficial to reduce the required number of channel access attempts and better satisfy the OCB requirement in NR-U. From another perspective, it is also not desirable to always consist of all these channels/signals in the NR-U DRS due to limited resources available for the DRS transmission. 
In NR, PBCH within SS/PBCH block can indicate the multiplexing pattern between SS/PBCH block and RMSI CORESET. When additional signal (i.e. OSI, paging) may also be included in DRS, it is natural to extend the configuration information in PBCH to carry the indication of inclusion for additional signal and the multiplexing pattern between SS/PBCH block and those included signals in DRS. 
 Proposal 6: PBCH within SS/PBCH block can be used to indicate the inclusion of RMSI, OSI and paging in DRS. 

NR-U Physical RACH (PRACH)
Resource allocation of PRACH
In Rel-15 NR, gNB can semi-statically configure one or multiple PRACH occasions by RMSI. The configuration parameters include periodicity, preamble format, available SFN number, slot number and PRACH occasion number within a PRACH slot etc. In NR-U, the transmission of PRACH may be blocked by uncertain LBT failure, semi-statically configured SFN number, slot number may become un-available. Thereby, a dynamic PRACH resource allocation scheme should be complementally considered. In TR38.889 [5], several dynamic resource allocation alternatives were given as following:
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]     -	Alt.1: For connected mode UE, scheduling of PRACH resources via DCI. 
-	Alt.2: For idle mode UE, scheduling of PRACH resources via paging
-	Alt.3: New RACH resources are used immediately following detection of DRS transmission
In Alt.1, scheduling of PRACH is triggered by DCI, e.g. a group common PDCCH. The scheduling information at least includes time and frequency resource allocation for PRACH. This trigger method is mainly applicable for connected mode UE. For idle mode UE, Alt.2 and Alt.3 can both be considered. While for Alt.2, a single paging resource may belong to a tracking area consisting of multiple cells. Thereby, potential collision among PRACH resources of UEs that belong to different cells will occur. If this issue can’t be addressed, Alt.2 will not be an attractive scheme for idle mode UE. In Alt.3, additional RACH resource can be immediately followed within DRS duration after of detection of DRS transmission. It can avoid new LBT procedure for additional PRACH resource, thereby more efficient PRACH   transmission opportunities can be clearly foreseen.   
Based on the above analysis, we propose that Alt.1 should be supported at least for connected mode UE. And Alt.3 can be considered as a supplementary scheme for idle mode UE.  Furthermore, for Alt.1, to reduce signaling overhead, only parameters subject to LBT results need to be configured in DCI, e.g. starting OFDM symbol and frequency resources etc.  And the other parameters including PRACH periodicity, format and RO number per PRACH slot can still be acquired by RMSI.     
[bookmark: OLE_LINK54][bookmark: OLE_LINK24][bookmark: OLE_LINK27][bookmark: OLE_LINK50][bookmark: OLE_LINK53]Proposal 7: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK6]Proposal 8: Dynamic scheduling of PRACH occasion via DCI (i.e. Alt.1) and via DRS (i.e. Alt.3) shall be supported in NR.
In Rel-15 NR, an association between RACH resource(s) and SS/PBCH block(s) is established. In NR-U, actual transmission of one SSB is associated with multiple SSB candidate positions to overcome uncertain LBT results. For Alt.2 (i.e. cyclical wrapping’s method), it is natural to map multiple candidate SSB positions in different cyclically wrapped periodicity to same RO. For example, SSB(s) which satisfy SSB candidate position(s) % X = k will be all mapped to the k-th RO in RO pool. 
In R15, open loop power parameters for PRACH are semi-statically configured by RMSI. Different power parameters are needed for ROs associated with different SS/PBCH blocks (i.e. different large scale fading).While in NR-U, an extra RO can be dynamically scheduled via DCI. Thereby, an extra power parameter should be accordingly updated in the new scheme. To achieve this, a more flexible power control scheme for RACH except for semi-static manner should be studied in NR-U. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 9: Dynamic power allocation for PRACH should be supported in NR-U.
In R15 NR, multiple Msg.1 transmission before RAR reception had been extensively discussed and agreed for CFRA. While due to limited time budget for detailed design, it was not be captured in specification.  
 In TR38.889 [5], multiple Msg1 transmissions before RAR reception and group wise SSB-to-RO mapping in time domain had been captured as alternative of PRACH enhancement schemes. In NR-U, when RACH retransmission occurs, the access delay of the RACH procedure may be seriously deteriorated. As shown in Fig 6, less LBT and reduced access delay can be achieved by multiple Msg.1 transmissions, wherein duplicated Msg.1 transmissions plus corresponding response window can be constrained into a COT. Thereby, it is potential beneficial to support multiple Msg.1 transmission in NR-U. 
In addition, multiple beam sweeping is not necessary and lower transmission power (i.e.18dBm) is assumed in unlicensed band, thereby, the interference issue due to multiple RACH transmissions in licensed band will be significantly alleviated. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK14]Proposal 10: Multiple Msg1 transmissions for both CBRA and CFRA should be supported in NR-U.
[image: C:\Users\l00380977\AppData\Roaming\eSpace_Desktop\UserData\l00380977\imagefiles\0C6DC83B-5A7C-4D79-AF39-472ACA76D07D.png]
[bookmark: _Ref534971442]Fig 6. Illustration of multiple Msg1 transmission
In licensed band, a UE attempt to detect a DCI with CRC scrambled by RA-RNTI within a RAR window corresponding to the RO where a PRACH is transmitted. Considering that multiple ROs within a group are actually associated with the same UE/preamble index. When multiple Msg1 transmissions before RAR reception were supported, a common RNTI associated with these Msg1 is beneficial to reduce UE’s blind detection complexity and the probability of false alarm. Alternatively, this common RNTI can be determined by a reference RO in this group and the group information of ROs can be configured by the RMSI. For example, this reference RO can be the first RO or the last RO in the group. 
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK15][bookmark: OLE_LINK79][bookmark: OLE_LINK80]Proposal 11: When multiple Msg1 transmissions before Msg2 reception is configured, a common RA-RNTI is used for all the ROs where msg1 are duplicated transmitted.
In licensed band, power ramping is performed according to the configured value (herein termed as delta) in the time occasion that is out of the RAR window, while in unlicensed band, as discussed above, it is potential that UE could also send Msg1 for multiple times within the RAR window. Considering that the access chance is precious due to the requirement of being LBT successful, while the gNB might suffer from the unsuccessful detection of Msg1, it should be careful to set a suitable power for the transmission of Msg1 within the RAR window to try to ensure the successful detection. Therefore, it is suggested that within the RAR window, power ramping could be performed for Msg1. Since this is additional chance for Msg1 transmission, it is proposed to use delta1 as power ramping value within the RAR window and use delta2 as power ramping value while outside the RAR window, wherein delta1 and delta2 could be separately configured by the gNB. 
[bookmark: OLE_LINK57][bookmark: OLE_LINK16]Proposal 12: Power ramping could be performed within the RAR window, and power ramping could be set separately for Msg1 transmission within and outside the RAR window.
RACH related procedure 
Random access response
In NR, the UE expects to receive random access response (RAR) within a RAR time window after successful PRACH preamble transmission, which is determined by higher layer parameter. A RAR carries scheduling information of a PUSCH transmission from the UE (Msg3 PUSCH). If a UE does not detect the PDCCH with a corresponding RA-RNTI and a corresponding DL-SCH transport block within the time window, it retransmits the PRACH preamble. In unlicensed operation, the RAR transmission could be blocked due to LBT failure. In last meeting, it was identified beneficial to extend the maximum RAR time window size which provide chances for the gNB to transmit RAR when LBT failure occurs.
However, in NR unlicensed system, always setting a large value of RAR window may bring the accessing latency in case that the retransmission of Msg1 is due to detection failure of Msg.1 at the gNB. Consequently, suitable setting of RAR window is preferred by taking into account two factors, i.e., successful detection of Msg1 and potential LBT failure to send RAR by the gNB. Therefore, it would be beneficial to dynamically configure the RAR window size. The RAR window size should be increased with the number of Msg1 retransmission. The more times Msg1 is retransmitted, the higher probability RAR reception failure is due to LBT failure at the gNB side. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK17]Proposal 13: It is beneficial to reduce RACH latency that RAR window could be configured with multiple values and the RAR window size could be increased with the number of Msg1 retransmission.
Msg3 PUSCH
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]As discussed above, a UE will transmit Msg3 PUSCH according to the scheduling information indicated by the RAR. Note that there is a minimum time requirement between the last symbol of a PDSCH reception conveying a RAR and the first symbol of the corresponding Msg3 PUSCH transmission for the UE. Due to duration limitation of COT and required time gap between RAR and corresponding Msg3, they may not be allowed to be transmitted within the same COT. At end of current COT, gNB will stop transmission and perform LBT to obtain a new COT. Due to uncertainty of LBT, Msg3 transmission delay may become large. To reduce access latency and increase Msg3’s transmission opportunity, it is beneficial to allow multiple Msg3 transmission occasions outside of COT. For instance, UE can do LBT before each transmission occasion outside of COT after RAR grant is received, and Msg3 is allowed to transmit with successful LBT. For example, gNB can configure multiple Msg3 transmission occasions (e.g. number) to UE when the transmission of Msg3 is even outside of COT.  An illustrative procedure can be found in following Fig 7. When Msg2 is transmitted at the end of COT N and the remaining symbols are all downlink symbols in this COT, it is foreseeable that the transmission of Msg3 will be outside of COT N. If the transmission of Msg3 can be located in next COT N+1, UE sends Msg3 with a single transmission occasion within COT. Otherwise, UE can do LBT until the maximum number of allowed attempts is achieved, which depends on the configured number of Msg3’s transmission occasions outside of COT.


[bookmark: _Ref4002459]Fig 7. More transmission occasions for Msg3 outside of COT
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]Furthermore, to support this cross-COT transmission scheme, concept of 2-step triggered scheduling mechanism in LTE eLAA could be considered, i.e., Msg3 is triggered to be transmitted in the subsequent COT and the scheduling information of trigger DCI is indicated by RAR in the previous COT.
[bookmark: OLE_LINK60][bookmark: OLE_LINK19]Proposal 14: NR-U should support following mechanisms to reduce transmission latency of Msg3 in 4-step RACH: 
· Allocating multiple Msg3’s transmission occasions  
· 2-step trigger mechanism
PDSCH with UE contention resolution identity
In response to an Msg3 PUSCH transmission, the UE attempts to detect a PDCCH with a corresponding TC-RNTI or C-RNTI scheduling a PDSCH that includes a UE contention resolution identity, and it transmits HARQ-ACK information in a PUCCH. Similar to RAR transmission discussed above, Msg4 could also be enhanced in the same manner in NR-U.
Paging occasion in frequency domain
Paging is used to inform one or a group of UE(s) the arrival of incoming data or SI changing. In Rel-15 NR, the UE need to monitor the Type0-PDCCH to search the paging message using the DRX parameters provided in the system information, which is similar to LTE paging mechanism, during the cell search. Bandwidth part (BWP) is introduced in NR to support flexible channel bandwidth within a single wideband component carrier (CC), multiple SS/PBCH blocks could be transmitted in the frequency domain within a wideband CC. NR-U will support the same wideband operation. Considering the receiving bandwidth UE supports, a paging message corresponding to a sub-group of UEs, as illustrated in Fig 8, will only be associated to a single default BWP within the wideband CC in order to reduce the paging overhead. A gNB should configure different default BWPs for a UE to reduce the paging overhead. 
[image: ]
[bookmark: _Ref534971566]Fig 8. NR-U POW mapping in multiple BWPs
From another perspective, paging transmission opportunities may be reduced due to LBT failure, which may lead to fatal system messages loss at UE side, e.g. updated system information, ETWS, CMAS, and etc. To increase UE’s paging transmission opportunity, paging/paging monitoring occasion enhancement in time domain had been captured in TR. Furthermore, to reduce UE’s power consumption and improve the battery life, the paging monitoring time span for RRC_IDLE UE should be minimized. A modified paging procedure can be considered to wake up UE with a limited time interval. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK20]In this modified paging procedure, a shifting window in time domain are introduced together to increase paging occasions. When UE’s paging transmission (i.e. PO) in time domain is blocked due to LBT failure, a UE can shift this PO to next available position within a shifted paging window. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 15: The paging occasion of a UE can be associated to a single BWP within the wideband CC in order to reduce the paging overhead.
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]Proposal 16: The paging monitoring occasion of a UE can be shifted in a time window within a DRX cycle.  
Enhancement on RRM/RLM
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In Rel-15 NR, the downlink radio link quality of the serving cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE could be configured with a set of periodic CSI-RS resources within the active DL BWP. The maximum number of configured CSI-RS resources depends on the maximum number of SS/PBCH blocks within a half radio frame. The physical layer in UE indicates, in the frame where the radio link quality is assessed, out-of-sync to higher layer when the radio link quality is worse that the configured threshold for all resources in the set of resource for radio link monitoring (RLM). When the radio link quality is better than the configured threshold for any resource in the configured resource set, the physical layer in UE indicates in-sync to higher layers.
[bookmark: OLE_LINK78][bookmark: OLE_LINK83][bookmark: OLE_LINK44][bookmark: OLE_LINK45]In NR-U, periodic CSI-RS resources configured for RLM, which are transmitted at the scheduled occasions, cannot always be guaranteed due to uncertainty of LBT. In case of CSI-RS transmission fails in the frames that UE is configured for radio link quality assessment, it may declare the radio link failure even if the radio link quality is still good. UE may also perform re-connection by a PRACH signal transmission, which could increase its power consumption and decrease spectral utilization efficiency. 
Based on the above discussion, enhancement to CSI-RS based measurements shall be investigated, i.e., robust CSI-RS transmission scheme by introducing more CSI-RS transmission opportunities and/or CSI-RS transmission state indication. As illustrated in Fig 9, assuming each radio link quality assessment window contains three CSI-RS transmission occasions (TO). In case A, UE will indicate out-of-sync to higher layers since all CSI-RS transmission fails due to LBT. In case B, gNB may transmit CSI-RS replacement that triggered by PDCCH until the beginning of the next pre-configured CSI-RS TO when the transmission fails at the current TO. Once UE receives the CSI-RS replacement, it knows that the previous CSI-RS is missing due to LBT. In addition, gNB could only indicate the previous CSI-RS transmission state, as shown in case C, to UE via PDCCH, and UE may then update the measurement results according to the indication carried in DCI.


[bookmark: _Ref534971623][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: _Ref528258388]Fig 9. NR-U CSI-RS transmission schemes
[bookmark: OLE_LINK48][bookmark: OLE_LINK63][bookmark: OLE_LINK170]Proposal 17: The gNB shall indicate transmission state of CSI-RS that is configured for RLM/RRM to UE.
As shown in following Fig 10, if the UE detects n310 consecutive out-of-sync indications, it starts timer t310. If the timer expires, UE claims link failure. Otherwise, if UE detects consecutive n311 in-sync indications prior to timer t310 expiration, the timer is reset and the link is claimed to be recovered.
[image: http://www.sharetechnote.com/image/T310_01.PNG]
[bookmark: _Ref4002543][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Fig 10. NR-U in-sync and out-of-sync indications
[bookmark: OLE_LINK96][bookmark: OLE_LINK97]In TR 38.889[5], a new metric for identification of unsuccessful RLM-RS detection was proposed. Different from NR Rel-15, the unsuccessful reception may be induced by LBT failure or serious channel degradation. For example, a ratio/number of unsuccessful RLM-RS detection can be defined in specification.  It is known that transmission state of RLM-RS is easily acquired at gNB side. To avoid counting missing RLM-RS due to LBT failure, a new mechanism based on gNB indication can be considered as follows. 
Once UE’s request is received, gNB could send actual transmission state of one or multiple RLM RS(s) to UE. Based on this information, UE could update its timer(s) accordingly. This is beneficial since more accurate radio link monitoring result is obtained and undesired link reconnection could be avoided at UE side. As illustrated in Fig 11, UE sends report to gNB as timer T310 starts. However, UE will reset timer T310 and update counter N310 after receiving feedback from gNB. To this end, LBT impact on NR-U RLM is mitigated.   

[bookmark: _Ref4002623]Fig 11. Handshaking between gNB and UE for RLM
[bookmark: OLE_LINK84][bookmark: OLE_LINK89][bookmark: OLE_LINK49][bookmark: OLE_LINK64][bookmark: OLE_LINK171]Proposal 18:  UE could update its timer based on the gNB’s indication by reporting non-detected RLM RS, which can also mitigate LBT impact on NR-U RLM.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]From our understanding, DRS transmission window is defined to confine the transmission of DRS within a time window. And RLM measurement window is used for determining a time duration of RLM measurement. While the first available transmission position for SSB may be located near the end of DRS transmission window due to uncertainty of LBT. If RLM measurement window and DRS transmission window is fully equivalent, sampling of RLM-RS for measurement may be not enough at this case. To guarantee accuracy of RLM measurement in NR-U, some flexibility of relationship between the two windows should be left. For example, to improve the accuracy of RLM measurement, RLM measurement window can be extended at the base of DRS transmission window especially for the above case. It implies that RLM-RS set outside of DRS transmission window can be used for IS/OOS evaluation. Furthermore, the relationship between the two windows can be indicated to UE by explicit/implicit signaling.  
[bookmark: OLE_LINK90][bookmark: OLE_LINK112][bookmark: OLE_LINK113]Proposal 19:  DRS transmission window can be a baseline for RLM measurement window and further flexibility of relationships between the two windows should be left in NR-U. 
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 20:  Support RLM-RS set outside of DRS transmission window used for IS/OOS evaluation. 
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]For RRM measurement in NR-U, to detect hidden node, UE reporting of RSSI and channel occupancy same as in LAA had been agreed in last meeting. Wherein, channel occupancy percentage had already reflected the condition of channel occupancy and medium contention. Therefore, we can’t see the necessity of introducing/reporting of a new medium contention/load metric other than channel occupancy in NR-U. 
Proposal 21: Reporting of a new medium contention/load metric other than channel occupancy is not needed in NR-U.
 Conclusions
In this contribution, we mainly discuss enhancements on SS/PBCH block transmission as part of DRS and PRACH. Considerations on paging and CSI-RS based measurements are also discussed. Based on the discussion, we have made following observation and proposals:

Observation 1: Alt 1b’ is more suitable if beam repetition in DRS transmission window and PBCH soft combining across DRS transmission windows were supported.
Proposal 1: QCL assumption indication of SS/PBCH block should be indicated solely by PBCH DMRS. The number of PBCH DMRS sequence in NR Rel-15 is sufficient for NR-U.
Proposal 2: Alt-1b/1b’ is preferred for a UE to acquire serving cell time synchronization and QCL assumption. 
Proposal 3: At least the following fields are required in PBCH payload for UE to acquire serving cell timing:
· Number of cycled/transmitted PBCH DMRS sequence
· Cycle index	
· DRS shift granularity  
Proposal 4: If CAT 2 LBT is adopted for DRS transmission, the maximum allowed transmission duration of DRS is 1ms.
Proposal 5: To support full beam flexibility in DRS configuration, DRS burst length could be at most 8 consecutive slots for both 15 kHz and 30 kHz SCS cases.
Proposal 6: PBCH within SS/PBCH block can be used to indicate the inclusion of RMSI, OSI and paging in DRS. 
Proposal 7: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
Proposal 8: Dynamic scheduling of PRACH occasion via DCI (i.e. Alt.1) and via DRS (i.e. Alt.3) shall be supported in NR.
Proposal 9: Dynamic power allocation for PRACH should be supported in NR-U.
Proposal 10: Multiple Msg1 transmissions for both CBRA and CFRA should be supported in NR-U.
Proposal 11: When multiple Msg1 transmissions before Msg2 reception is configured, a common RA-RNTI is used for all the ROs where msg1 are duplicated transmitted.
Proposal 12: Power ramping could be performed within the RAR window, and power ramping could be set separately for Msg1 transmission within and outside the RAR window.
Proposal 13: It is beneficial to reduce RACH latency that RAR window could be configured with multiple values and the RAR window size could be increased with the number of Msg1 retransmission.
Proposal 14: NR-U should support following mechanisms to reduce transmission latency of Msg3 in 4-step RACH: 
· Allocating multiple Msg3’s transmission occasions  
· 2-step trigger mechanism
Proposal 15: The paging occasion of a UE can be associated to a single BWP within the wideband CC in order to reduce the paging overhead.
Proposal 16: The paging monitoring occasion of a UE can be shifted in a time window within a DRX cycle.  
Proposal 17: The gNB shall indicate transmission state of CSI-RS that is configured for RLM/RRM to UE.
Proposal 18:  UE could update its timer based on the gNB’s indication by reporting non-detected RLM RS, which can also mitigate LBT impact on NR-U RLM.
Proposal 19:  DRS transmission window can be a baseline for RLM measurement window and further flexibility of relationships between the two windows should be left in NR-U. 
Proposal 20:  Support RLM-RS set outside of DRS transmission window used for IS/OOS evaluation. 
Proposal 21: Reporting of a new medium contention/load metric other than channel occupancy is not needed in NR-U.
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