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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]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 RAN1 #96 meeting [2], the following agreements on enhancement of initial access procedures for NR-U were reached:
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 share our views on enhancement of initial access procedures for NR-U, including discovery reference signal (DRS), enhancement of RACH procedure, paging 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. Wherein, the timing information can be obtained by 3 bits in PBCH DMRS sequence and 2/3 bits in PBCH payload. The actual transmitted SSB index can be obtained by the offset value in the time domain. 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 number of PBCH DMRS sequence is 8, the timing information can be obtained by 3 bits in PBCH DMRS sequence and 2/3 bits in PBCH payload. The actual transmitted SSB index can be obtained by candidate SSB index module the total number of actual transmitted SSBs. 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 flexibly transmit SS/PBCH block index and indicate the frame timing information.. 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, yet with unclear benefit of such flexibility. 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 should be supported for NR-U.
Proposal 2: The timing information can be obtained by 3 bits in PBCH DMRS sequence and 2/3 bits in PBCH payload. 
Proposal 3: The actual transmitted SSB index can be obtained by candidate SSB index module the total number of actual transmitted SSBs
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 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 positions across different DRS transmission windows. For example, assuming that the number of candidate SSB position is 10 for SSB with 15 kHz SCS and the number of actual transmitted SSB is 4. As shown in Figure3, SSB index can be obtained by DMRS Sequence index and PBCH payload in each DRS transmission windows. In this way, UE can assume that QCL between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows without increasing the number of DMRS sequences. In Figure 4, the number of DMRS sequences is same as the number of candidate SSB position. When LBT is successful before candidate SSB index#1 within the first DRS transmission window, the gNB transmits 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 4: 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. 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#0 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. More details can be found in our companion contribution[3]
Proposal 5: 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 6: 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 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 7: In order to increase DRS transmission opportunities, 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 8: 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/DRS Transmission
According to regulation requirement in unlicensed carrier, LBT operation needs to be performed before SS/PBCH block/DRS transmission. If LBT failure occurs, SS/PBCH block/DRS 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. In order to avoid these effects, fast channel access mechanism should be considered, e.g., Cat 2 LBT with a fixed/short sensing interval. But considering fairness coexistence with other systems such as Wi-Fi, it is recommended that Cat4 LBT can be considered for SS/PBCH blocks/DRS transmission. Further, if the gaps exist within DRS, in order to avoid unnecessary interference and improve the probability of channel access, directional LBT can be perform since the omni-directional LBT 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 within DRS does not interfere with the transmission of the other nodes in other beam directions. More details can be found in our companion contribution [5].
Based on this, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission within DRS in order to improve the probability of successful channel access and the accuracy of CCA detection.
Proposal 9: Considering fairness coexistence with other systems such as Wi-Fi, Cat4 LBT can be considered for SS/PBCH blocks/DRS transmission.
Proposal 10: 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 within DRS.
 Enhancement of RACH procedure
RACH Resource
In the RAN1 #94bis meeting, the following several options have been proposed to handle the issue of reduced transmission opportunities due to LBT failure for Msg1 transmission in four-step RACH procedure. 
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
If PRACH resource is allowed to be configured per sub-band/carrier, then UE can perform LBT operation for RACH over multiple sub-bands in parallel, which is beneficial to increase the success probability of Msg1 transmission. For the case, once LBT within one of multiple sub-bands in a BWP /carriers is performed successfully, UE will need to complete the whole RACH procedure on LBT successful sub-band/carrier. Optionally, each message can be transmitted on which sub-band in a BWP/carrier depends on LBT results of sub-band/carrier.
Proposal 11: RACH resources can be configured over multiple LBT sub-bands within a BWP where each RACH resource is limited within an LBT sub-band.
Option 2-a is a method worth considering since it enables Msg1 transmission within a gNB initiated COT. Further, it is better to improve resource efficiency within a gNB initiated COT. In order to reduce the risk of losing the channel, option 2-a can be used in conjunction with option1-a.
Proposal 12: Scheduling of PRACH resources via DCI (option2-a) can be considered for NR-U.
As pointed out in the meeting conclusion, scheduling of PRACH resources via paging can be inefficient since the same paging message is transmitted by multiple cells in same paging area. 
Proposal 13: scheduling of PRACH resources via paging(option2-b) should not be supported for NR-U.
For option2-c, new RACH resources immediately following detection of DRS transmission are very limited when other signals/channel such as RMSI PDCCH/PDSCH and so on were filled within the blank symbols of DRS or the number of actual transmitted SS/PBCH blocks within DRS is up to 8. Based on this, UE will face high collision probability if RACH resources immediately following detection of DRS transmission is used. 
Proposal 14: new RACH resources immediately following detection of DRS transmission (option2-c) should not be supported for NR-U.
For option2-d, assuming that multiple Msg1 transmission opportunities were configured before Msg2 reception in RAR window, if UE perform LBT success in the one of multiple Msg1 transmission opportunities, then one or more RACH resources after Msg1 transmission may be unnecessary. So allocating multiple RACH resources seems inefficient.
Proposal 15: Multiple PRACH transmissions before Msg2 reception in RAR window (option2-d) should not be supported for NR-U.
For option2-e, Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by existing Rel-15 NR design. For example, the number of SSBs is 4, the number of PRACH resources in the frequency domain is 4, the number of SSBs per RO is 1. Then one SSB can get multiple ROs in the time domain as shown in Figure 7.


Figure 7 SSB-to-RO mapping by frequency first - time second manner.
Proposal 16: Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by existing Rel-15 NR design.
Random access Response

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 order to improve success probability of RAR transmission, a straightforward way is to extend maximum RAR window size. If the maximum RAR window size is extended, the range of t_id needs to be extended, e.g.,  for 10/20/30/40 ms RAR window size. Based on this, the maximum value of RA-RNTI is 17920/35840/53760/71680 for 10/20/30/40 ms RAR window size. Wherein, the total of RNTI in the current specification is 65519. It is obvious that the maximum value of RA-RNTI such as 71680 is beyond the scope of RNTI. Therefore, if the maximum RAR window size is allowed to extend, it should not be larger than 30ms. Besides, multiple RAR transmission opportunities method can also be considered to improve the probability of successful RAR transmission.
Proposal 17: In order to improve success probability of RAR transmission, some enhanced methods can be considered as follows:
· Extend maximum RAR window size but it is suggested that maximum size is not larger than 30ms.
· Configure multiple RAR transmission opportunities.
Power Ramping
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 the preamble transmission counter is not incremented. Based on this, 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 18: For power ramping, 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.
LBT for PRACH
In order to improve the probability of successful random access procedure and consider fairness coexistence with other systems such as Wi-Fi, Cat4 LBT with priority class 1 or 2 should be considered. In particular, for two-step RACH scenarios, Msg A may include Msg 1 and Msg3 that belong to the four-step RACH procedure.  The total duration of Msg A in the time domain may exceed 1 ms. It is inappropriate to adapt a DRS-like LBT mechanism, e.g., Cat 2 LBT. In summary, Cat 4 LBT with priority class 1 or 2 should be considered for four-step RACH or two-step RACH.
Proposal 19: Cat4 LBT with priority class 1 or 2 should be considered for four-step RACH or two-step RACH.
RLM/RRM
· RLM/RLF
In case of SSB based RLM, for NR, the SSB resource in the initial BWP can be used as RLM-RS resource. For NR-U, RLM measurements based on SSBs within the DRS also can satisfy the requirements of monitoring for downlink radio link quality, and multiple transmission occasions for a SSB within the DRS transmission window is helpful to decrease the RLF probability. Further, a explicitly configured RLM measurement window is redundant. Hence, RLM measurement window based on SSB is determined by the occasion of SSB within the DRS transmission window for initial access.
Proposal 20: RLM measurement window based on SSB is determined by the occasion of SSB within DRS transmission window.
In case of CSI-RS based RLM, for NR, the CSI-RS resource is configured by the dedicated NZP-CSI-RS configuration. For NR-U, CSI-RS is optional for DRS, and CSI-RS can be configured flexibly within or outside the DRS transmission window. Hence, RLM measurement window based on CSI-RS is determined by the occasion of CSI-RS configured by the dedicated NZP-CSI-RS configuration.
Proposal 21: RLM measurement window based on CSI-RS is determined by the occasion of CSI-RS configured by NZP-CSI-RS configuration.
The enhancement for SSB is to introduce additional transmission opportunities for SSB in the DRS transmission window, so that the probability of the missing SSB will decrease. The configured more RLM-RS resource also can supply more monitoring occasions for RLM to relieve the impact of LBT. Besides, if a backup SSB is allowed to be transmitted outside DRS transmission window, those SSB causes difficulties for idle UEs. In general, it is unreasonable for UE to monitor the RLM-RS that falls outside the measurement window.
Proposal 22: UE should not monitor the SSB falling outside the measurement window.
However, in some cases, if the channel is heavily loaded, then DL LBT failures happen with very high probability. Hence, gNB cannot ensure the service quality for UE. Hence, a new mechanism to trigger RLF is necessary in this case to avoid the UE being stuck on a problematic frequency for a prolonged period. 
In conclusion, if UE can distinguish LBT failures from poor channel quality condition for transmission of RLM-RS, a mechanism to trigger RLF when necessary due to LBT failures can be considered. For example, when the number of LBT failures for transmission of RLM-RS within a certain period reaches a threshold, a RRC reestablishment procedure can be triggered by UE. 
Proposal 23: A new mechanism that the number of consecutive DL LBT failures is detected in a given period of time can be introduced to trigger RRC reestablishment procedure. 
· Measurement
For RRM measurement, the RSSI measurement for a sub-band can be configured as a measurement object. UE can perform measurement and report the results for each sub-band. And gNB can determine the sub-band-level interference based on each measurement reporting, or the overall wideband-level interference combing with multiple measurement reporting. In general, the sub-band-level RSSI measurement is up to the implementation. 
Proposal 24: It is unnecessary to introduce a new sub-band-level RSSI measurement.
In LAA, RSSI measurement symbols contain the potential signals from all devices belonging to the same or different operators/RATs. However, this type RSSI considers the signals from the devices of intra-RAT as the interference. In fact, there are kinds of the effective interference cancellation mechanism to avoid the interference from intra-RAT, such as COMP, therefore, a measurement to exclude the signals from intra-RAT as the interference is beneficial.
Another RSSI type is that RSSI measurement symbols contain the 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 25: A new RSSI type measuring the signals only from the devices of non-serving operators and other RATs can be introduced for NR-U to enable frequency reuse.

The RSSI measurement timing configuration should include the periodicity, offset and duration. The RSSI measurement is performed per symbol. The duration of SMTC in Rel 15 is composed of a set of the consistent subframe. In sake of the power consumption, a little measurement samples should be supported. Hence, we prefer that the duration is composed of a set of the consistent symbols.
Proposal 26: The duration of RSSI measurement is configured with the consistent symbols..
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][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: The timing information can be obtained by 3 bits in PBCH DMRS sequence and 2/3 bits in PBCH payload. 
Proposal 3: The actual transmitted SSB index can be obtained by candidate SSB index module the total number of actual transmitted SSBs
Proposal 4: 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 5: 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 6: 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. 
Proposal 7: In order to increase transmission opportunities, 
· 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 8: 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 9: Considering fairness coexistence with other systems such as Wi-Fi, Cat4 LBT can be considered for SS/PBCH blocks/DRS transmission.
Proposal 10: 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 within DRS.
Proposal 11: RACH resources can be configured over multiple LBT sub-bands within a BWP where each RACH resource is limited within an LBT sub-band.
Proposal 12: Scheduling of PRACH resources via DCI (option2-a) can be considered for NR-U.
Proposal 13: scheduling of PRACH resources via paging(option2-b) should not be supported for NR-U.
Proposal 14: new RACH resources immediately following detection of DRS transmission (option2-c) should not be supported for NR-U.
Proposal 15: Multiple PRACH transmissions before Msg2 reception in RAR window (option2-d) should not be supported for NR-U.
Proposal 16: Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by existing Rel-15 NR design.
Proposal 17: In order to improve success probability of RAR transmission, some enhanced methods can be considered as follows:
· Extend maximum RAR window size but it is suggested that maximum size is not larger than 30ms.
· Configure multiple RAR transmission opportunities.
Proposal 18: For power rampping, 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 19: Cat4 LBT with priority class 1 or 2 should be considered for four-step RACH or two-step RACH.
Proposal 20: RLM measurement window based on SSB is determined by the occasion of SSB within DRS transmission window.
Proposal 21: RLM measurement window based on CSI-RS is determined by the occasion of CSI-RS configured by NZP-CSI-RS configuration.
Proposal 22: UE should not monitor the SSB falling outside the measurement window.
Proposal 23: A new mechanism that the number of consecutive DL LBT failures is detected in a given period of time can be introduced to trigger RRC reestablishment procedure. 
Proposal 24: It is unnecessary to introduce a new sub-band-level RSSI measurement.
Proposal 25: A new RSSI type measuring the signals only from the devices of non-serving operators and other RATs can be introduced for NR-U to enable frequency reuse.
[bookmark: _GoBack]Proposal 26: The duration of RSSI measurement is configured with the consistent symbols..
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