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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5GHz and 6GHz. In the WID of NR-U, it was described about the specifying support for initial access, random access, scheduling request (SR) and RLM/RRM. During NR-U SI stage, some agreements have been reached and can be regarded as a starting point for NR-U WID. In the AH1901 meeting [2], the following agreements about discovery reference signal DRS were reached:
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
· No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
In this contribution, we share our views on enhancement of initial access procedures for NR-U, including Discovery Reference Signal (DRS), Enhancement of 4-step random access procedure, Scheduling Request (SR) and RLM/RRM.
 Discovery reference signal (DRS)
 SS/PBCH Block transmission mechanism
Considering the uncertainty of the channel availability due to LBT, one or more SS/PBCH Blocks (SSBs) may not be able to be transmitted at the predefined position. In order to handle reduced SS/PBCH Block opportunities due to LBT failure, three candidate SS/PBCH Block mechanisms in RAN1 #94 meeting have been reached consensus for NR-U to increase SS/PBCH Block transmission opportunities.
Alt-1: Shift SSB(s) in time to the next transmission instance. 
The method corresponding to Alt-1 is shown in Figure 1. Assuming that the number of candidate SSB position is 8 and the number of the actual transmitted SSB is 4. If the gNB does not obtain the ownership of the channel before SSB #0, it will drop the current SSB#0 transmission opportunity, while try to transmit SSB#0 at the next available transmission position such as SSB#1 in Figure1. If the gNB performs LBT successfully before candidate SSB#1 position, it transmits SSB#0, SSB#1, SSB#2 and SSB#3 on the candidate SSB#1, SSB#2, SSB#3 and SSB#4 position in turn. Wherein, the first actual transmitted SSB position depends on the moment of LBT success. The correspondence between actual transmitted SSB index and PBCH DMRS sequence index is fixed and the order of transmitted SS/PBCH block and beam index will not change.
 In order to acquire time/frame synchronization, the gNB need to inform the offset in the time domain between the original SSB position and actual transmitted SSB position to UE. For this method, if the number of candidate SSB positions is large, the bit overhead required to indicate offset will also be large. Besides, if UE is configured to monitor a particular SSB index for RLM, then due to LBT failure, UE could not detect configured SSB index in the fixed SSB position, which will impact on RLM/RLF.


Figure1. Shift SSB(s) in time to the next transmission position
Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission.
The method corresponding to Alt-2 is shown in Figure 2, it can be observed that each SSB index has two transmission opportunities and SSB index or beam direction that transmitted in a certain SS/PB CH block position is fixed regardless of LBT result. Wherein, the relationship between actual transmitted SSB index and PBCH DMRS sequence index is fixed.  SSB index can be obtained by DMRS sequence. In order to further acquire accurately time/frame synchronization, an additional indication information need to be notified to UE in order to indicate whether cyclic shifting occurs or not. Compared with alt-1, less specification impact and bit overhead are needed for supporting enhancement on SSB transmission using alt-2. 


Figure2. Cyclically wrap the SSB to the end of the burst set transmission
Alt-3: Network to flexibly position SSB index and indicate the timing information.
For alt-3, it will allow network to flexible transmit SS/PBCH block index and indicate the frame timing information. Besides, it can provide a fair probability for all SS/PBCH blocks. But compared with alt-1 and alt-2, more signaling bits are required for indicating the association of SS/PBCH blocks between different DRS occasions and frame timing and actual transmitted SS/PBCH Block index and so on. More specification modification is needed.
Based on the above analysis, alt-2 is preferred to be used for SS/PBCH block transmission in NR-U considering the required signaling bits and specification impact.
Proposal 1: Considering the overhead and specification impact, Alt-2 method that cyclically wraps around the dropped SSBs due to LBT failure to the end of the burst set transmission should be supported for NR-U. 
 QCL between SS/PBCH blocks across different DRS transmission windows
In the previous section, it is suggested that Alt-2 method that cyclically wraps around the dropped SSBs due to LBT failure to the end of the burst set transmission should be supported for NR-U. In NR Rel-15, UE assume that a detected SS/PBCH block in an SS/PBCH block burst set is QCL’d with a detected SS/PBCH block in a previous SS/PBCH block burst set. In NR-U, due to the uncertainty of the channel availability, one or more SS/PBCH Blocks (SSBs) may not be able to be transmitted at the predefined position, which may result in change for QCL relationship between the same candidate SSB position across different DRS transmission windows. For example, assumed that the number of candidate SSB position is 10 for SSB with 15KHz SCS and the number of actual transmitted SSB is 4. as shown in Figure3, transmitted SSB index can be obtained by DMRS Sequence index in each DRS transmission windows. For this way, UE can assume that QCL between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows without requirement to increase the number of DMRS Sequence. However, in Figure4, the number of DMRS Sequence is same as the number of candidate SSB position. When the gNB performs LBT success before candidate SSB index#1 within the first DRS transmission window, it transmit SSB index#1 on the candidate SSB index#1 position. While SSB index#1 is transmitted on the candidate SSB index# 5 within the next DRS transmission window. For this method, through DMRS Sequence index, UE obtain SSB index corresponding to DMRS Sequence index rather than actual transmitted SSB index. It can be observed from the Figure4 that SSB index#1 with DMRS Sequence index#1 in the first DRS transmission window is QCL’d with the SSB index#1 with DMRS Sequence index#5 in the next DRS transmission window. For this case, the more the number of candidate SSB positions, the more the number of needed DMRS sequences, which will result in larger bit overhead and standardized modifications. 
Compared with the two methods mentioned above, it is obviously better that QCL assumption between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission window, which is similar to NR. 


Figure3. QCL between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows 



Figure4. QCL between SS/PBCH blocks with the different PBCH DMRS sequences across different DRS transmission windows 
Proposal 2: From the standpoint of standardization impact, it is recommended that QCL assumption between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission window, which is similar to NR.
 SS/PBCH Block and other signal/channel multiplexing
In RAN1 #94 meeting, it was agreed that inclusion of RMSI CORESET and RMSI PDSCH in the NR-U DRS is beneficial. Further, in RAN1 #95 meeting, SS/PBCH block and RMSI CORESET#0 TDM multiplexing has been supported and transmitted in different time instances. 
In order to achieve compact DRS design, blank symbols in slot can be filled with RMSI CORESET#0. Wherein, to reduce the impact of standardization, NR parameter for PDCCH monitoring occasions in Table 13-11 in 38.213 can be reused as much as possible in NR-U, e.g., reuse 1 symbol RMSI CORESET#0 configuration. In this regard, associated RMSI CORESET with SS/PBCH block occupies up to 2 symbols in slot. The rest of the blank symbols in slot can be filled with RMSI PDSCH, CSI-RS, OSI or Paging. If these signals/channels are not configured in slot, then the follow method can be considered: 1) fill reservation signal. 2)  through implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
Proposal 3: In order to achieve no gap between SS/PBCH blocks, existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI CORESET#0/PDSCH can be transmitted on the gap between SS/PBCH blocks.
Proposal 4: If the existing signals/channels cannot satisfy the need of filling blank symbols in slot, the follow method can be considered: 1) fill reservation signal. 2) through implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
 DRS Transmission In Time Domain
Due to the uncertainty of the channel availability, NR-U DRS may not be transmitted on the pre-configured position due to LBT failure. This will affect the detection performance at the UE. Based on this, DRS transmission in time domain should be enhanced.
The following at least one of design principle for enhancements of SS/PBCH block, which is a DRS’s component, should be considered:
1) Introduce SS/PBCH block transmission group with the same beam in the half frame window.
[bookmark: _GoBack]For multiple SS/PBCH block transmission without gap case (e.g., SS/PBCH blocks in Case B for FR1 as shown in Figure4), if LBT is performed before each SS/PBCH block transmission, then it will cause some SS/PBCH block transmission opportunities lost due to no gaps between two SS/PBCH blocks to perform LBT operation. Based on this, in order to avoid SS/PBCH block transmission opportunity lost, it is beneficial to set multiple SS/PBCH block transmission without gap as a SS/PBCH block group with the same beam. Further, only one LBT is needed to be performed before multiple SS/PBCH blocks without gap (or SS/PBCH block group). It is beneficial for decreasing LBT overhead.


Figure 4. SS/PBCH block mapping patterns within 1ms in the band f<= 7 GHz
2) Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beams in the half frame window.
Different from 1), for multiple SS/PBCH blocks transmission with different beams (e.g. one candidate SS/PBCH block for one beam), then the gap should be introduced for each SS/PBCH blocks in order to perform LBT operation for beam switch. More details on LBT for SS/PBCH block transmission with beam can be referred to our companion contribution [3]. Based on the above analysis, at least for Case B in Figure4, we need to consider design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam.
3) Configure additional SS/PBCH block transmission opportunities in the half frame window.
According to the existing design of SS/PBCH block in Rel-15 NR, ,it can be observed that the SS/PBCH block transmission occupy 2ms and 4ms for 15kHz SCS and the SS/PBCH block transmission occupy 1ms and 2ms for 30kHz SCS, when the maximum number of SS/PBCH block position is 4 and 8 respectively. Based on this, we can see that there are at least 1ms or up to 4ms remaining time that can be used for SS/PBCH block transmission in the half frame. Therefore, it is suggested to increase the maximum number of the SS/PBCH block position in the half frame to provide additional SS/PBCH block transmission opportunities.
4) Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set.
Different from 3), 4) does not need to modify the existing the number of the SS/PBCH block position in the half frame for Rel-15 NR. It can increase additional SS/PBCH block position based on the existing SS/PBCH block design. Wherein, in order to reduce the complexity of UE blind detection, gNB need to notify additional SS/PBCH block position information to UE.
The following design principle for enhancements of DRS transmission method can be considered: 
1) Configure multiple candidate SS/PBCH block burst sets within a period of DRS.
The following methods can obtain multiple candidate SS/PBCH block burst sets: directly add more candidate SS/PBCH block burst sets within a period of DRS, or by configuring dual periodicities for DRS (e.g., including a long periodicity and a candidate short periodicity). Wherein, multiple candidate SS/PBCH block burst set can be configured by semi-static mode.
For the latter as shown in Figure 5, a long periodicity and a candidate short periodicity are respectively configured as 80 ms and 20 ms. The SS/PBCH block burst set over short periodicity are used to increase SS/PBCH block transmission opportunities when the SS/PBCH block at long periodicity occasion fails. If SS/PBCH block at long periodicity occasion is successfully transmitted, NR-U gNB can skip the following short periodicity occasions until the next long periodicity occasion. In other words, in a (long) period, there can be multiple candidates for SS/PBCH block burst sets or multiple half-frame windows. If the SS/PBCH block for one beam is sent successfully in one set or one window during this period, then next candidate SS/PBCH block for transmission will jump to the next (long) period. 


Figure 5. Multiple candidate half-frame windows/SS/PBCH block burst sets in a periodicity
Proposal 5: In order to increase transmission opportunities, 
· The following at least one of design principle for enhancement of SS/PBCH block transmission method can be considered:
· Introduce SS/PBCH block transmission group with the same beam in the half frame window.
· 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.
· Configure additional SS/PBCH block transmission opportunities in the half frame window.
· Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set.
· The following design principle for enhancement of DRS transmission method can be considered:
· Configure multiple candidate SS/PBCH block burst sets within a period of DRS.
 SS/PBCH Block Transmission in Frequency Domain
According to ETSI regulation in 5 GHz band [4], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB).The OCBs of an SS/PBCH block with SCS 15 kHz, 30 kHz are equal to 3.6 MHz, 7.2 MHz respectively. Take an SS/PBCH block with SCS 15 kHz in 5 GHz band as an example. It is almost impossible to meet the OCB requirements. 
Based on the above discussion, in order to meet OCB regulation requirements for SS/PBCH block, the following method can be considered:
Alt-1: Repeat the SS/PBCH block transmission in frequency domain. 
Optionally, different SS/PBCH block position in the frequency domain corresponding to the different beam index. Once the gNB detect the current channel idle, then it can sent SS/PBCH block information with multiple beam direction to multiple UEs.


Figure 6. FDM Multiplexing between SS/PBCH Blocks
Alt-2: SS/PBCH block and CSI-RS Multiplexing in frequency domain
According to the latest RAN1 #94 meeting conclusion, it has been supported that SS/PBCH block can be multiplexed with CSI-RS, which is useful to meet the OCB requirement in sub 7GHz. But this will reduce the CSI-RS configuration flexibility, and if CSI-RS is not configured to any UE for beam management or CSI reporting, then the transmitted CSI-RS could be meaningless.
Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
Optionally, If there is PDSCH transmission, PDSCH can also be used to achieve OCB requirement.
However, from another point of view of ETSI regulation requirements, the problem of the OCB regulation requirements for SS/PBCH block can also be ignored, since ETSI EN 301 893V2.1.1 complements the following case under the above rules: during a COT (channel occupancy time), an equipment may operate temporarily with an OCB of less than 80% of its NCB with a minimum of 2 MHz.
Proposal 6: To meet OCB regulation requirements, the following method can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain.
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain.
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
 LBT for SS/PBCH Block Transmission
According to regulation requirement in unlicensed carrier, LBT operation needs to be performed before SS/PBCH block transmission. If LBT failure occurs, SS/PBCH block may not be transmitted in time, which will result in large delay or failure of initial access for UE, as well as measurement performance degradation. On top of that, due to the duration with four symbols for each SS/PBCH block that is even less than DRS in LAA, so it should access the channel with higher priority, e.g., fast LBT such as Cat 2 LBT with a fixed/short sensing interval. Wherein, if LBT in LTE-LAA is directly reused for beam-based SS/PBCH block transmission, it will lead to inaccurate CCA detection problems, e.g., high interference detected on the omni-directional beam could block the SS/PBCH block transmission on narrow directional beam even if the SS/PBCH block transmission does not interfere with the transmission of the other nodes in other beam directions. 
Based on this, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission in order to improve the probability of successful channel access and the accuracy of CCA detection.
Proposal 7: SS/PBCH block should use higher priority for channel access on an NR-U carrier, e.g., Cat 2 LBT with a fixed/short sensing interval.
Proposal 8: In order to improve the probability of channel access and the accuracy of CCA detection, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission.
 Enhancement of 4-step random access procedure
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 example, the following multiple RACH candidates in frequency domain are considered:
· [bookmark: OLE_LINK30]Alt-1: UE selects one or multiple carriers/BWPs of random access based on LBT results. Specifically, UE perform LBT on the multiple carriers/BWPs simultaneously. Once the carriers/BWPs is selected, UE will complete random access procedure on those carrier(s)/BWP(s). An illustration of Alt-1 for multiple BWPs is shown as Figure 7.
[image: ]
Figure 7. Single RACH procedure in one selected BWP
· Alt2: UE/gNB needs to perform LBT operation on the multiple carriers/BWPs simultaneously before every MSG message are transmitted. The carriers/BWPs of actual transmission MSG message is selected depend on LBT results. An illustration of alt-2 for multiple BWPs is shown as Figure 8.
[image: ]
Figure 8. Single RACH procedure in selected BWP based on LBT
Furthermore, LBT of higher priority should be considered to improve the probability of successful random access procedure, e.g., Cat-4 LBT with priority class 1 or 2. 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, e.g, introduce additional RACH transmission opportunity between two configured RACH resources, or define Preamble transmission time window or determine the RACH transmission opportunity based on the time of LBT success. Wherein, the former (multiple RACH occasion per SSB) has already been supported in Rel-15.
For RAR, 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 9: Some enhanced methods should be considered for PRACH procedure as follows:
· Single RACH procedure with multiple RACH candidates.
· LBT of higher priority, e.g., Cat-4 LBT with priority class 1 or 2.
· Configuration multiple RACH occasion per SSB.
· Increasing the number of RACH transmission opportunities, e.g., 
· Introduce additional RACH transmission opportunity between two configured RACH resources
· Define Preamble transmission time window
· Determine the RACH transmission opportunity based on the time of LBT success.
· 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 LBT failure 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 10: 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.
 Scheduling request (SR)
In NR, the UE is configured a SR occasion in a semi-static manner by RRC, which will may mismatch with LBT results. If the current SR transmission is dropped due to LBT failure, then UE can only try to transmit SR at the next available SR occasion. As a result, the incurred delay may not be acceptable according to the UE’s delay requirement. Besides, gNB has no control against LBT failure. Based on this, some enhancement scheme on SR transmission can be considered and studied, e.g., introduce additional SR occasions, the details can be found on our companion contribution [5].
Proposal 11: In order to increase SR transmission opportunity, some enhanced schemes can be considered and studied, e.g., introduce additional SR occasions.
 RLM/RRM
· 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, e.g., if the number of dropped RLM-RS is larger than Threshold A1, the physical layer needs to send an indication of dropped RLM-RSs to higher layer.
Proposal 12: The dropped RLM-RS information need to be indicated by physical layer to higher layer for UE when the number of dropped RLM-RS is larger than Threshold A1.
· 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 needs 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.
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 does 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, which can be achieved by configuration two type measurement resources such as Zero power (ZP) resources and Non-zero power(NZP) resources. The RSSI type is specifically useful for frequency reuse among the NR-U devices of the same operator.
Proposal 13: 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-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994] Conclusion 
In this contribution, we share our views on enhancement of initial access procedures for NR-U. We have the following proposals:
Proposal 1: Considering the overhead and specification impact, alt-2 method that cyclically wraps around the SSBs dropped due to LBT failure to the end of the burst set transmission should be supported for NR-U. 
Proposal 2: From the standpoint of standardization impact,  it is recommended that QCL assumption between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission window, which is similar to NR.
Proposal 3: In order to achieve no gap between SS/PBCH blocks, existing signals/channels(e.g., CSI-RS, OSI, Paging) in addition to RMSI CORESET#0/PDSCH can be transmitted on the gap between SS/PBCH blocks.
Proposal 4: If the existing signals/channels can not satisfy the need of filling blank symbols in slot, the follow method can be considered: 1) fill reservation signal. 2) through implementation, which is similar to the processing of blank symbols in LTE-LAA DRS. 
Proposal 5: In order to increase transmission opportunities, 
· The following at least one of design principle for enhancement of SS/PBCH block transmission method can be considered:
· Introduce SS/PBCH block transmission group with the same beam in the half frame window.
· 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.
· Configure additional SS/PBCH block transmission opportunities in the half frame window.
· Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set.
· The following design principle for enhancement of DRS transmission method can be considered:
· Configure multiple candidate SS/PBCH block burst sets within a period of DRS.
Proposal 6: To meet OCB regulation requirements, the following method can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain.
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain.
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
Proposal 7: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
Proposal 8: In order to improve the probability of channel access and the accuracy of CCA detection, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission.
Proposal 9: Some enhanced methods should be considered for PRACH procedure as follows:
· Single RACH procedure with multiple RACH candidates.
· LBT of higher priority, e.g., Cat-4 LBT with priority class 1 or 2.
· Configuration multiple RACH occasion per SSB.
· Increasing the number of RACH transmission opportunities, e.g., 
· Introduce additional RACH transmission opportunity between two configured RACH resources
· Define Preamble transmission time window
· RACH transmission opportunity is determined by the time of LBT success.
· Expanding maximum RAR window size due to LBT failure of the gNB side.
· Introduction multiple RAR transmission opportunities.
Proposal 10: 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 11: In order to increase SR transmission opportunity, some enhancement scheme can be considered and studied, e.g., introduce additional SR occasion.
Proposal 12: The dropped RLM-RS information need to be indicated by physical layer to higher layer by UE when the number of dropped RLM-RS is larger than Threshold A1.
Proposal 13: 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.
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