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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 60GHz. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. 
In RAN1 #94Bis meeting [2], the following agreements were reached for NR-U:
Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different
In this contribution, we share our views on initial access and mobility for NR-U, including PRACH, SSB, Paging, Mobility and measurement.
 Initial access and mobility
PRACH
Considering the regulatory requirement of the unlicensed carrier, LBT needs to be performed before each message transmission. If LBT of any message fails, it will lead to a significantly increased random access delay and resource overhead. Therefore, some enhanced methods need to be considered for PRACH procedure in NR-U in order to decrease the expected random access delay caused by potential LBT failures. For instance, for four-step PRACH, Msg1 and partial Msg3 content can be used as a short control signal transmitted by UE and response message for Msg1 and partial Msg3 can be transmitted in NR licensed carrier, or single/ multiple RACH procedure(s) with one or more RACH candidates in frequency and/or time domain. More details can be found in the accompany RAN2 contribution [3]. Furthermore, LBT of higher priority should be considered to improve the probability of successful random access procedure, e.g., Cat-2 LBT. In addition to the enhancement method the above mention, the method of configuration multiple RACH occasion per SSB and increasing the number of RACH transmission opportunities can also be considered. Wherein, the former has already been supported in Rel-15.
Furthermore, if the preamble was correctly detected, the gNB will respond a RAR message to UE. If LBT for gNB fails within the RAR window, then the random access fails. In addition to expanding maximum RAR window size, multiple RAR transmission opportunities method can also be considered to improve the probability of successful RAR transmission. Wherein, some modifications need to be considered on RA-RNTI due to expansion of maximum RAR window size to avoid overlapping within RA window.
Proposal 1: Some enhanced methods should be considered for PRACH procedure as follows:
· Single RACH procedure with multiple RACH candidates.
· Multiple parallel RACH procedures.
· LBT of higher priority, e.g., Cat-2 LBT.
· Configuration multiple RACH occasion per SSB.
· Increasing the number of RACH transmission opportunities.
· Expanding maximum RAR window size due to LBT failure of the gNB side.
· Introduction multiple RAR transmission opportunities.
According to the RAN1 #94 meeting conclusion, if preamble transmission is blocked due to LBT failures, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented. Based on this recommendation, physical layer should send a power ramping counter suspension indication to MAC layer.
For RAR reception, since UE cannot identify the reason of RAR reception failure (e.g., LBT failure or link failure for RAR), it is recommended to perform power ramping for preamble re-transmission in order to improve the random access success probability.
Proposal 2: For preamble re-transmission, the following suggestions/methods can be considered:
· If preamble transmission is blocked due to LBT failures and preamble power ramping is not performed, physical layer should send a power ramping counter suspension indication to MAC layer.
· If preamble re-transmission is due to RAR reception failure, it is recommended to perform power ramping operation.
SSB
[bookmark: OLE_LINK11]SSB (including SSS/PSS/PBCH) transmission has been supported in the NR licensed carrier. For NR-U, SSB transmission also needs to be supported in some NR-U deployment scenarios to enable initial access, measurement and so on.
Considering the uncertainty of channel availability due to LBT, SSB may not be able to be transmitted in time, which will result in large delay or inaccurate measurement or failure of initial access for UE. Thus, in order to increase SSB transmission opportunities, the following methods can be considered: Alt-1: Introduce SS/PBCH block transmission group with the same beam in the half frame window. Alt-2: Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. Alt-3: Increase additional SS/PBCH block transmission opportunities in the half frame window. Alt-4: Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. Alt-5: Configure double periodicities for SS/PBCH block burst set. More details for SSB signal design can be found in our company’s contributions [4].
In addition, due to the channel occupancy time (COT) with four symbols for each SSB that is similar to DRS in LTE-LAA, we think it could access the channel with higher priority, e.g., fast LBT such as Cat2 LBT with a fixed/short sensing interval. More details on LBT for SSB transmission with beam can be referred to our company’s channel access contribution [5]. 
Proposal 3: In order to enhance SSB transmission in NR-U carrier, the following options can be considered:
· Alt-1: Introduce SS/PBCH block transmission group with the same beam in the half frame window. 
· Alt-2: Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. 
· Alt-3: Increase additional SS/PBCH block transmission opportunities in the half frame window. 
· Alt-4: Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 
· Alt-5: Configure double periodicities for SS/PBCH block burst set.
· Alt-6: Set higher priority LBT such as Cat2 LBT with a fixed/short sensing interval.
Paging
[bookmark: OLE_LINK10]In NR, consensus have been reached on the paging message for RRC idle mode that is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH. For Stand-alone NR-U, paging may need to be supported in the NR-U carrier for mobility. The uncertainty of channel availability makes paging DCI signaling hard to be sent out at the pre-defined time domain resource, which will result in missing paging messages for UE. Therefore, additional paging occasions should be introduced to increase the transmission opportunity of paging, e.g. reusing the existing broadcast paging occasions as shown in Figure1 or insert new paging occasions as shown in Figure2. More details can be found in our companion contribution [6].
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Figure 1 the location of additional POs
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Figure 2 the location of additional POs

Proposal 4: In order to increase the paging transmission opportunity, additional paging occasions should be introduced, e.g. reusing the existing broadcast paging occasions or insert new paging occasions. 
Mobility and measurement
· RLM/RLF
In NR, both SSB and CSI-RS are used for radio link monitoring (RLM). When the radio link quality is better than the threshold Qin for any resource in the set of resources for RLM, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-syn (IS) to higher layers. When the radio link quality is worse than the threshold Qout for all resources in the set of resources for RLM, the physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-syn (OOS) to higher layers. 
However, for NR-U, SSB or CSI-RS cannot be transmitted on the RLM resources due to LBT failure. For this case, the physical layer may indicate an inaccurate measurement information to higher layers if reusing RLM in NR. Thus, some enhancements should be considered when RLM-RSs are not transmitted on RLM resources due to LBT failure. Accordingly, RLM/RLF triggering condition in NR-U would need to be re-considered. More detail can be found in our company’s RAN2 contribution [7].
Proposal 5: RLM/RLF triggering condition should be re-considered for NR-U.
· Measurement
Rel-15 NR SMTC framework (SSB measurement timing configuration) can be used as a baseline for improving the uncertainty of SSB transmission and configuring RRM measurement in NR-U. Besides, a new RSSI measurement was introduced in Rel-13 LAA for helping the eNB detect the potential hidden nodes and providing the reference for carrier selection. NR-U also need to solve the problems of hidden nodes and carrier selection, and thus RSSI measurement should be considered in NR-U. In addition to the above LAA RSSI configuration parameters, necessary enhancements on RSSI should be considered for NR-U. Further, The SMTC framework may also need some modifications to enable the UE to detect and measure unsynchronized NR-U cells. This may be true especially for RRM measurements requiring measurement gaps. More detail can be found in our company’s RAN2 contribution [7].
For example, in an NR-U carrier, the received signaling RSSI may come from devices belonging to different operators and/or different RATs, which is different from NR-licensed. Signals transmitted from different devices can be measured as a whole, or separately according to different signal sources, in which case more than one type of NR-U RSSI can be defined. One RSSI type is that RSSI measurement symbols/slot contains signals potentially transmitted from the devices of other RATs, devices of other NR-U operators, and NR-U devices of serving operator. This RSSI type is similar to RSSI in licensed bands and Wi-Fi RSSI. It reflects the total interference of the carrier. Thus the RSSI type should be measured when all devices in the network are allowed to transmit. Another RSSI type is that RSSI measurement symbols/slot contains signals transmitted from the devices not belonging to the serving operator and the devices of other RATs. In other words, this RSSI type do not include the energy derived from NR-U devices of the same operator. The RSSI type reflects the interference not generated by the devices of the serving NR-U operator. The RSSI type is specifically useful for frequency reuse among the NR-U devices of the same operator.
Proposal 6: Two RSSI types can be defined for NR-U to detect the potential hidden nodes, to provide the reference for carrier selection, and to enable frequency reuse:
· RSSI Type 1: the measured signals potentially transmitted from all devices belonging to the same or different operators/RATs.
· RSSI Type 2: the measured signals potentially transmitted from the devices not belonging to the serving operator and the devices of other RATs.
[bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we share our views on initial access and mobility for NR-U. We have the following proposals:
Proposal 1: Some enhanced methods should be considered for PRACH procedure as follows:
· Single RACH procedure with multiple RACH candidates.
· Multiple parallel RACH procedures.
· LBT of higher priority, e.g., Cat-2 LBT.
· Configuration multiple RACH occasion per SSB.
· Increasing the number of RACH transmission opportunities.
· Expanding maximum RAR window size due to LBT failure of the gNB side.
· Introduction multiple RAR transmission opportunities.
Proposal 2: For preamble re-transmission, the following suggestions/methods can be considered:
· If preamble transmission is blocked due to LBT failures and preamble power ramping is not performed, physical layer should send a power ramping counter suspension indication to MAC layer.
· If preamble re-transmission is due to RAR reception failure, it is recommended to perform power ramping operation.
Proposal 3: In order to enhance SSB transmission in NR-U carrier, the following options can be considered:
· Alt-1: Introduce SS/PBCH block transmission group with the same beam in the half frame window. 
· Alt-2: Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. 
· Alt-3: Increase additional SS/PBCH block transmission opportunities in the half frame window. 
· Alt-4: Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 
· Alt-5: Configure double periodicities for SS/PBCH block burst set.
· Alt-6: Set higher priority LBT such as Cat2 LBT with a fixed/short sensing interval.
Proposal 4: In order to increase the paging transmission opportunity, additional paging occasions should be introduced, e.g. reusing the existing broadcast paging occasions or insert new paging occasions.
Proposal 5: RLM/RLF triggering condition should be re-considered for NR-U.
Proposal 6: Two RSSI types can be defined for NR-U to detect potential hidden nodes, to provide the reference for carrier selection, and to enable frequency reuse:
· RSSI Type 1: the measured signals potentially transmitted from all devices belonging to the same or different operators/RATs.
· RSSI Type 2: the measured signals potentially transmitted from the devices not belonging to the serving operator and the devices of other RATs.
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