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1 Introduction
In RAN1 #97 meeting [1], the following agreements regarding the initial access and mobility procedure were made: Agreement:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE

Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.

Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Note: Neighbor cell RRM measurements will be addressed separately
Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE































This contribution discusses the details of the agreed study points and other aspects related to the initial access and mobility procedure for NR-U:
· Enhancement to SS/PBCH Block Transmission
· Enhancement to Random Access Procedure 
· Enhancement to RRM Measurement
· Enhancement to RLM Procedure
2 Enhancement to SS/PBCH Block Transmission 
1 
2 
DRS transmission window periodicity
In LTE-LAA, the periodicity of DRS transmission window can be configured staring from 40 ms, however, at that time, the purpose of DRS is purely for measurement purpose.
In NR-U, the periodicity of DRS transmission shall be reconsidered, in order to cover the scenario that single SS/PBCH block is transmitted with a short periodicity (actually this could a typical implementation scenario). Hence, the periodicity of DRS transmission window shall be more flexible comparing to LTE-LAA, and should be configurable to as small as 5 ms. 
Meanwhile, we figure out it is beneficial to align the periodicity of SS/PBCH block and the periodicity of DRS, such that a UE only assumes a reception of SS/PBCH block within a DRS transmission window, and a UE does not expect to receive SS/PBCH block outside a DRS transmission window. The benefit of the alignment lies on the simplicity of design, since there is no need for a UE to distinguish whether a SS/PBCH block outside or inside a DRS transmission window, and a unified detection procedure can be performed on the UE side. This alignment also simplifies the potential specification work for NR-U DRS, since a UE could always assumes the Type0-PDCCH is transmitted within the same slot as the associated SS/PBCH block, and no other Type0-PDCCH is required to be monitored outside the DRS transmission window.  
Proposal 1: Periodicity of DRS transmission window is assumed the same as the periodicity of SS/PBCH block, and no SS/PBCH blocks are transmitted outside NR-U DRS transmission window.
· The periodicity of DRS transmission window can be configurable from {5, 10, 20, 40, 80, 160} ms.
· UE assumes a default periodicity of 20 ms for initial access purpose.
DRS transmission window duration
It was agreed that the maximum duration of DRS transmission window is 5 ms, and whether the duration is fixed as 5 ms or configurable is still FFS. 
In the last meeting, it was agreed that the DRS transmission window is the same as the measurement window for DRS based RLM, hence, there is a need for configuring the DRS transmission window not always as the maximum value to save UE’s complexity in RLM. Hence, we have the following proposal. 
Proposal 2: Duration of DRS transmission window can be configurable with a maximum value of 5 ms, e.g. configurable from {1, 2, 3, 4, 5} ms.
Timing recovery from SS/PBCH block
In the last meeting, it was agreed that “The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index”, and the only remaining issue is “whether to reuse of other available bits in PBCH payload is also required for timing determination”. Since there are at most 20 SS/PBCH block position locations within a DRS transmission window, 3 bits DMRS sequence and at most 2 bits in PBCH payload is sufficient for timing indication, hence, there is no need for introducing additional bits for this purpose. 
Proposal 3: For NR-U, there is no need to reuse of other available bits in PBCH payload for timing determination.
QCL assumption acquisition
In the last meeting, it was agreed that “for a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE”. There are some remaining details on A, Q, and RRM case. 
For serving cell, QCL assumption for SS/PBCH blocks is needed for at least the following aspects:
· SS/PBCH block combining in initial cell search
· Serving cell RRM measurement
· Actually transmitted SS/PBCH blocks and rate matching 
At least for the aspect of SS/PBCH block combining in initial cell search, a UE is not required to acquire the timing before combining SS/PBCH blocks (actually the purpose of combining SS/PBCH blocks is for timing acquisition), and hence the UE is not able to know the SS/PBCH block position index within the DRS transmission window. Based on this, the value of A should be the index of DMRS sequence associated with PBCH in the SS/PBCH block. 
Proposal 4: For serving cell QCL assumption acquisition, A is the index of DMRS sequence associated with PBCH in the SS/PBCH block.
For neighboring cell RRM measurement, similar operation on the QCL assumption should be applied, since the SS/PBCH blocks to be measured are obeying the wrapped-around transmission on its own serving cell. A UE needs same modulo operation to acquire the QCL assumption for neighboring cell RRM measurement. 
Proposal 5: The same modulo operation for QCL assumption acquisition applies to neighboring cell RRM measurement.
Another remaining issue is the value of Q, e.g. its candidate values and configurability. From the above discussion on the usage of QCL assumption of SS/PBCH blocks, for both serving cell and neighboring cell, the wrapped-around value of Q plays an essential role on the balance between network flexibility and UE complexity. An illustration of the QCL assumption across DRS transmission windows is shown in Figure 1, with respect to different value of Q. It could be observed that smaller value of Q introduces flexibility of SS/PBCH block transmission, in the cost of larger complexity on SS/PBCH block combining, rate matching, and RRM measurement. Moreover, if Q is configurable, a UE has to assume the smallest candidate value of Q when the value of Q is not available, e.g. SS/PBCH block combining in initial cell search, which also increases the complexity at UE side. Based on the above discussion, we have the following proposal.   
Proposal 6: The value of Q is fixed as 8.


[bookmark: _Ref16604781]Figure 1 Illustration of QCL assumption for different Q.
Actually transmitted SS/PBCH blocks and rate matching
In NR Rel-15, actually transmitted SS/PBCH blocks are indicated to UE by RMSI content and RRC parameter. This cell-specific configuration is mainly for the purpose of rate matching for serving cell. After a UE detects any of the SS/PBCH block within a burst of SS/PBCH blocks, and decoding the corresponding RMSI, the UE is not only aware of the timing information indicated by the received SS/PBCH block, but also aware of whether the other SS/PBCH blocks in the burst are transmitted or not based on the indication of actually transmitted SS/PBCH blocks in RMSI. Meanwhile, by reading the indication of actually transmitted SS/PBCH blocks, any UE after initial access is aware of the resources reserved for SS/PBCH block transmission in the serving cell, even without receiving SS/PBCH block, and hence performs rate matching based on the reserved resources. However, for NR-U, due to the wrapped-around transmission, a UE cannot be fully aware of the transmission of the other SS/PBCH blocks in the burst based on the the indication of actually transmitted SS/PBCH blocks, by only receiving one of the SS/PBCH blocks in the burst, and the UE also has confusion on the rate matching behaviour in term of the reserved resources. For example, an illustration of this issue is shown in Figure 2, wherein the actually transmitted SS/PBCH blocks are both full bitmap (i.e., all the 8 SS/PBCH blocks) in Scenario 1 and Scenario 2. In Scenario 1, the burst of SS/PBCH blocks starts from the first slot, while in Scenario 2, the burst of SS/PBCH blocks starts in a later slot based on a wrapped-around operation. If a UE only receives SS/PBCH block #5 (filled with red in the figure), the UE cannot distinguish actual transmission is according to Scenario 1 or Scenario 2. 


[bookmark: _Ref16665138]Figure 2 Illustration of the issue with actually transmitted SS/PBCH blocks.
The solution proposed in this contribution is extending the indication of the actually transmitted SS/PBCH blocks such that it is not impacted by the outcome of LBT. For this, we propose the “potentially actually transmitted SS/PBCH block locations”, which is defined as the indication of actually transmitted SS/PBCH blocks with a modulo operation based on the value Q within the DRS transmission window. Figure 3 illustrates an example, wherein the indication of actually transmitted SS/PBCH blocks is “11000000”, and modulo value Q = 8. Then, the “potentially actually transmitted SS/PBCH block locations” within a DRS transmission window with size 20 are given by {0, 1, 8, 9, 16, 17}. The potentially actually transmitted SS/PBCH block locations should be included as part of the reserved resource for PDSCH rate matching, and the PDSCH of concern can be any PDSCH in general other than the PDSCH of RMSI. 


[bookmark: _Ref16666312]Figure 3 Illustration of “potentially actually transmitted SS/PBCH block locations”.
Based on above discussion, we have the following proposal for actually transmitted SS/PBCH blocks and rate matching. 
Proposal 7: A UE assumes the resources mapped for potentially actually transmitted SS/PBCH block locations within a DRS transmission window are not available for PDSCH, wherein the PDSCH is not for RMSI.
· The potentially actually transmitted SS/PBCH block locations are defined by the indication of actually transmitted SS/PBCH blocks with a modulo operation based on the value Q.
Type0-PDCCH Monitoring 
In the past RAN1 meetings, discussion on the details of Type0-PDCCH CSS set and multiplexing pattern was performed, but no consensus was drawn yet. The most fundamental issue discovered was whether and/or how to distinguish Type0-PDCCH monitoring occasions within and outside a NR-U DRS window. One potential answer to this question is striving to use same configuration of Type0-PDCCH monitoring occasions within and outside a NR-U DRS window, however, the flexibility may be very restricted for those RMSI outside a NR-U DRS window. Another potential answer to this question is utilizing different configurations of Type0-PDCCH monitoring occasions within and outside a NR-U DRS window, then whether and/or how to indicate the two configurations is the next discussion point. Yet another simpler solution would be a UE does not expect any Type0-PDCCH monitoring occasions outside a NR-U DRS window, and the periodicities of Type0-PDCCH monitoring occasions and NR-U DRS are aligned. Comparing to the solutions, the simplest and most effective solution would be the last one, which also has smallest specification impact (e.g. the UE behavior on monitoring Type0-PDCCH CSS would be similar to the one in multiplexing Pattern 2 and 3). 
Proposal 8: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block;
· a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of the associated SS/PBCH block;
· the slot index for monitoring PDCCH in the Type0-PDCCH CSS set is the same as the one containing the associated SS/PBCH block.
3 Enhancement to Random Access Procedure
This section discusses enhancements to the random access procedure, including valid RO determination due to the uncertainty of SSB transmission position, and other NR-U random access enhancements from the baseline Rel-15 4-step random access procedure to decrease the expected random access delay caused by potential LBT failures.    
3 
Valid RO determination
In a NR TDD band, the system information includes the semi-static UL/DL configuration to provide the duration of the DL part, UL part as well as flexible part. In the meantime, due to complex situation of possible semi-static UL/DL configuration (variable period, variable durations of DL/UL), the validation rule is finally promoted to apply to the PRACH configuration indicated via the PRACH configuration index of a table. In short, the RO indicated by the PRACH configuration index will be invalid if it is collided with DL part or a part before the end of the last SSB in the flexible part. Such rule in addition to the gap definition after the last symbol of DL part/SSB helps the UE to determine the actual valid RO within the PRACH configuration period. Note that each PRACH configuration period may have different valid ROs, thus it produces the different consistence of the SSB-RO association period, i.e., different number of PRACH configuration period in one SSB-RO association period. For example, one SSB-RO association period could be 4 PRACH configuration periods at one time, but becomes 2 PRACH configuration periods in a later time. To ease the burden at the UE side, instead of the always (re)-calculating the association period, NR Rel-15 defines the association pattern period which consists of one or multiple SSB-RO association period(s), in which the mapping pattern between the association pattern periods will be purely repeated. 
For NR-U, the uncertainty of the LBT outcome will add the variance to the (actually transmitted) SSB positions, as well as other DL signal transmission, making the situation of channel utilization more complicated. For example, different from the deterministic SSB positions in Rel-15, the NR-U SSB transmissions can start at a finite set of starting positions within the DRS transmission window. Method of effective determination of valid RO needs to be studied, using PRACH configuration design from NR Rel-15 as a baseline. 
As shown in below figure, the validation of RO is related to how the SSB will be actually transmitted. Based on the description in section 2.5, the proposed “potentially actually transmitted SS/PBCH block locations” could be obtained by UE. Thus, such information could be used for the RO validation determination.
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Figure 4 Illustration of RO validation for NR-U
Using the same example as in Section 2.5 on the SSB configurations, i.e., wherein the indication of actually transmitted SS/PBCH blocks is “11000000”, and modulo value Q = 8. Then, the “potentially actually transmitted SS/PBCH block locations” within a DRS transmission window with size 20 are given by {0, 1, 8, 9, 16, 17}. In this case, the last potential position where a SSB could be transmitted is candidate position #17, which we can use this position as the reference point to determine the start of the valid RO. Due to the expansion of the candidate position size (i.e., 0~19) is larger than the actually transmitted SSB size (i.e., 0~7), more RO will be invalid compared to the situation in licensed NR. However, this invalidation may not happen in every PRACH configuration period, as one example in the last figure, the next PRACH configuration period will face no collision with SSB then all the RO could be valid (note that here we ignore the UL-DL configuration impact on the validation). 
In addition that the RO in the UL part is valid, a PRACH occasion in a PRACH slot is valid if it starts at least N symbols after the last symbol of the last candidate position of the transmitted SS/PBCH block.
Proposal 9: A PRACH occasion in a PRACH slot is valid if it starts at least N symbols after the last symbol of the last candidate position of the transmitted SS/PBCH block.
Time/frequency-domain enhancements for NR-U RACH resources
In RAN1 #94bis [2], several frequency-domain and time-domain potential NR-U RACH resource enhancements have been identified.Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
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


Among the identified enhancement options, time-domain enhancement option (d) and option (e) wherein multiple PRACH transmission and time domain grouping method can be utilized as the most general approaches in compensating the potential PRACH LBT failures for both contention-based and contention-free random access. Option (d) and option (e) are most beneficial because each standalone PRACH transmission is subject to a CAT-4 LBT operation, which corresponds to a non-deterministic LBT duration and therefore a non-deterministic ending position of the LBT operation. The non-deterministic ending position for PRACH LBT can be compensated through option (d) and option (e), by configuring multiple consecutive time-domain RACH occasions, such that the UE can utilize one or multiple of its configured ROs after LBT is completed. Without option (d) and option (e), the PRACH transmission delay will be significantly increased since UE will be unable to utilize its configured RO if the PRACH LBT fails or completes after the configured RO; and the UE needs to initiate a new PRACH LBT procedure in order to utilize its next available RO. 
By contrast, each of the remaining options would have certain constraints. Specifically, for the frequency-domain enhancement in [2], since it has already been agreed that the initial active UL BWP is (approximately) 20 MHz and that LBT will be performed in units of 20 MHz for NR-U, performing LBT on a per sub-band basis for NR-U PRACH will have minimal channel access benefit for initial access UEs. 
The PRACH performance of option (a) is not guaranteed, since the DCI-scheduled RO is a one-time and non-repeatable PRACH resource, and there lacks sufficient evidence in demonstrating the reliability of one-time PRACH preamble transmission even for CFRA in licensed band. In addition, the DCI-scheduled RO is also subject to at least a CAT-2 LBT, thus enhancements such as option (d) or option (e) would still be necessary to increase the PRACH LBT success chance. Using paging to configure the PRACH resource with time-domain option (b) could be a huge resource waste as already noted in the agreement, this often causes the PRACH resource reserved in multiple cells and expected such UE could utilize only one of them. For the time-domain enhancement option (c), the RACH resources that can be utilized immediately following detection of a DRS are very limited or even unavailable, when the DRS is subject to CAT-4 LBT with lowest priority class value, and/or when the number of SS/PBCH blocks within DRS is high (e.g., 8). Therefore, UEs utilizing such RACH resources (if any) could be subject to high collision probability. 
As a result, the time-domain enhancement option (d) and (e) can be the prioritized RACH enhancement options for NR-U; while the other enhancement options require further study to see if there is any benefits. 
Proposal 10: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
Enhancement to increase transmit opportunities for Msg1 in 4-step RACH
Due to the LBT requirement for transmitting PRACH, the failure of PRACH LBT can cause significant delay to the overall RA procedure. As a result, enhancements to increase the transmission opportunities of Msg1 in 4-step RACH can be used to decrease the PRACH transmission delay. 
As a first enhancement, NR-U can try to inherit the SSB-RO association design in the NR Rel-15, and add an associated LBT before each RO to enhance the transmit opportunities for Msg1 as discussed in Section 3.1. For example, NR Rel-15 supports configuring one or more than one SSB for each RO, and it may end up with multiple ROs, associated with the same SSB, not consecutive to each other in time domain. Then, if the LBT for an earlier RO fails, Msg1 still has opportunities to be transmitted in later configured ROs within the association period, subject to the LBT results of the later ROs. An example of this enhancement is illustrated in Figure 5. 


Figure 5 Illustration of the first enhancement method.
As another enhancement, NR-U can configure multiple consecutive ROs associated with the same SSB, and an associated LBT can be performed before each RO (there can be gap symbol(s) between neighbouring ROs among the consecutive ROs to account for LBT overhead). As a result, a UE can be configured with multiple consecutive time-domain ROs for RACH attempt, which can also increase the transmit opportunities for Msg1. Equivalently, this example can be considered as configuring an associated RO window to each SSB, wherein multiple consecutive time-domain ROs can be configured within the window. Configuring multiple consecutive time-domain ROs can greatly reduce the NR-U PRACH transmission delay, since CAT-4 LBT for NR-U PRACH has a non-deterministic duration, and the UE can utilize the first available RO among its configured ROs after successful a PRACH LBT.
In order to support configuring multiple time-domain ROs to be associated with SSBs in a consecutive manner, the SSB-RO mapping can be enhanced from NR Rel-15, e.g, time-domain first mapping; especially when the enhancement can be combined with FDMed multiple ROs. Figure 6 gives such an example where each SSB is configured with 4 consecutive ROs in the time domain (with LBTs associated to each RACH occasion), and two sets of FDMed ROs in the frequency domain. Note the PRACH LBT shall be performed over the initial active UL BWP, so the LBTs associated with FDM’ed ROs in Figure 6 may actually overlap in frequency domain.


Figure 6 Illustration of the second enhancement method.
Proposal 11: NR-U shall configure a UE with multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay.
Multiple Msg3 transmission opportunities
Similar to PRACH, a standalone transmission of Msg3 also requires a CAT-4 LBT operation. Although Msg3 can be subject to a CAT-2 LBT when the Msg3 is configured to be within the COT of RAR, RAR can include more than one UL grants (scheduled msg.3 transmission) such that it’s not always possible to put all the scheduled Msg.3(s) into the same RAR COT, e.g., when the user number is relatively large or when COT for RAR is relatively short. As a result, Msg3 transmission/re-transmission can also be subject to a significant delay due to the LBT requirement. 
Observation 1: COT based solution could not solve the impact of LBT to msg.3 transmission.
Therefore, enhancement to support multiple Msg3 transmission opportunities for NR-U can also be beneficial (which has been concluded in RAN2) to reduce the Msg3 transmission delay as well as the overall random access procedure delay. In particular, the multiple Msg3 transmission opportunities can be configured through a method without the MAC format changing, which is still using a single RAR with a single UL grant including a single time-domain resource allocation. However, additional RAN1 support is needed to indicate number of times N_tx that UE could use the indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities. More details on multiple Msg3 transmission opportunities can be found in our companion contribution [4].   
Proposal 12: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
4 Enhancement to RRM Measurement 
4 
5 
In Rel-13 LTE-LAA, RSSI measurement is to identify low interference carriers in unlicensed band. Specifically, RSSI measurement serves two purposes including the indication of the average channel load/usage and the detection of hidden nodes. Therefore, channel occupancy, which is the percentage of time that RSSI was above a threshold, is always reported together with the RSSI to reflect the congestion status of a given CC is reported. With the same motivation, it was agreed in the last meeting that NR-U support similar functionality of RSSI + channel occupancy reporting scheme as in LTE-LAA. 
In NR Rel-15, although RSSI is defined as a measurement quantity supported for RRM measurement purpose, RSSI measurement result (e.g NR carrier RSSI or CSI-RSSI) is not separately reported, and has to be inferred from RSRP and RSRQ, respectively. However, in NR-U, the reference signals for measuring RSRP and RSRQ may not be always transmitted due to LBT, purely relying on the indirect way of acquiring RSSI measurement may not be sufficient, especially considering RSSI is an important metric for hidden node detection in the unlicensed band. Moreover, if RSSI measurement is restricted to the resources containing reference signals for RSRP/RSRQ measurement, the interference would be over-estimated because such reference signals are more likely to be transmitted than normal data transmission with more aggressive LBT. Furthermore, in some scenarios, it would be beneficial to enable UE and gNB to perform the RSSI measurement on exactly the same resources for hidden node detection. Therefore, similar to LTE-LAA, the timing configuration for RSSI measurement (RMTC) should be configured separately from RSRP/RSRQ measurement resource. An illustration of LTE-LAA Rel-13 RMTC is shown in Figure 7, wherein a RMTC has a configurable period, a configurable offset within the period, and a configurable L1 measurement duration (e.g. L1 measurement duration is expressed in the unit of L1 averaging duration for RSSI measurement). The same framework of RMTC should also be supported for NR-U, with potential enhancement, e.g. to address the flexible numerology in NR-U. 
Proposal 13: NR-U shall support RMTC for RSSI and channel occupancy measurement, wherein a RMTC has 
· a configurable period;
· a configurable offset within the period;
· a configurable L1 measurement duration in the unit of L1 averaging duration;
· FFS: details of the configuration and L1 averaging duration.


Figure 7 Illustration of LTE-LAA RMTC.
Moreover, considering LTE LAA and WiFi system may operate on parts of NR-U BWP and NR-U downlink transmission may occupy parts or whole of the BWP where CCA is successful at gNB, it would be beneficial to support RSSI measurement over the sub-band to reflect interference of each part of BWP separately. Similarly, the channel occupancy can be reported per sub-band.   
Proposal 14: NR-U should support RSSI measurement and reporting together with channel occupancy per sub-band within a wideband.
5 Enhancement to RLM Procedure
For radio link monitoring, the downlink radio link quality of the primary NR or NR-U cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In NR, the UE can be configured for a cell with a set of resources (e.g. SS/PBCH block and/or CSI-RS) for radio link monitoring by higher layers. The physical layer in the UE shall indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall indicate in-sync to higher layers. In order to operate NR-U without any assistance from licensed carrier, the radio link monitoring is also performed by a NR-U cell. In NR-U, it is possible that gNB fails to access the channel so that RLM-RS cannot be transmitted in a set of slots configured for RLM at a UE side. In this case, the UE may declare out-of-sync unnecessarily. Therefore, modifications on Rel-15 RLM procedure were discussed in RAN1#96, and it was agreed that 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. In this contribution, we also propose the DRS transmission periodicity is the same as SSB, such that there is no SSB transmitted outside DRS transmission window. However, even within DRS window, SSBs may be dropped due to LBT failure. Whether to take such occasional absence of SSB into account for out-of-sync evaluation needs further consideration of the feasibility to differentiate SSB DTX and really poor link quality. If UE can distinguish these two cases, either L1 handling or defining a new indicator type such as DTX indication to higher layers can be considered. If an indication of gNB’s COT is transmitted to UE, SSB in the COT can be used for in-sync evaluation.
Proposal 15:
· RLM-RS within the RLM measurement window (including both SSB and/or CSI-RS) is used for both in-sync and out-of-sync evaluation.
· RLM-RS outside the RLM measurement window, if any, is used for in-sync evaluation, and is not used for out-of-sync evaluation.
Proposal 16: If it is feasible for UE to distinguish SS/PBCH block DTX and poor link quality, mechanism to handle missing SS/PBCH block due to LBT failure can be considered.
6 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: COT based solution could not solve the impact of LBT to msg.3 transmission.
Proposal 1: Periodicity of DRS transmission window is assumed the same as the periodicity of SS/PBCH block, and no SS/PBCH blocks are transmitted outside NR-U DRS transmission window.
· The periodicity of DRS transmission window can be configurable from {5, 10, 20, 40, 80, 160} ms.
· UE assumes a default periodicity of 20 ms for initial access purpose.
Proposal 2: Duration of DRS transmission window can be configurable with a maximum value of 5 ms, e.g. configurable from {1, 2, 3, 4, 5} ms.
Proposal 3: For NR-U, there is no need to reuse of other available bits in PBCH payload for timing determination.
Proposal 4: For serving cell QCL assumption acquisition, A is the index of DMRS sequence associated with PBCH in the SS/PBCH block.
Proposal 5: The same modulo operation for QCL assumption acquisition applies to neighboring cell RRM measurement.
Proposal 6: The value of Q is fixed as 8.
Proposal 7: A UE assumes the resources mapped for potentially actually transmitted SS/PBCH block locations within a DRS transmission window are not available for PDSCH, wherein the PDSCH is not for RMSI.
· The potentially actually transmitted SS/PBCH block locations are defined by the indication of actually transmitted SS/PBCH blocks with a modulo operation based on the value Q.
Proposal 8: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block;
· a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of the associated SS/PBCH block;
· the slot index for monitoring PDCCH in the Type0-PDCCH CSS set is the same as the one containing the associated SS/PBCH block.
[bookmark: _GoBack]Proposal 9: A PRACH occasion in a PRACH slot is valid if it starts at least N symbols after the last symbol of the last candidate position of the transmitted SS/PBCH block.
Proposal 10: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
Proposal 11: NR-U shall configure a UE with multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay.
Proposal 12: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
Proposal 13: NR-U shall support RMTC for RSSI and channel occupancy measurement, wherein a RMTC has 
· a configurable period;
· a configurable offset within the period;
· a configurable L1 measurement duration in the unit of L1 averaging duration;
· FFS: details of the configuration and L1 averaging duration.
Proposal 14: NR-U should support RSSI measurement and reporting together with channel occupancy per sub-band within a wideband.
Proposal 15:
· RLM-RS within the RLM measurement window (including both SSB and/or CSI-RS) is used for both in-sync and out-of-sync evaluation.
· RLM-RS outside the RLM measurement window, if any, is used for in-sync evaluation, and is not used for out-of-sync evaluation.
Proposal 16: If it is feasible for UE to distinguish SS/PBCH block DTX and poor link quality, mechanism to handle missing SS/PBCH block due to LBT failure can be considered.
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