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Introduction
Following the guidance from [1], we address the essential remaining issues during an initial access procedure in this contribution. 
DRS Transmission
In this section, we discuss the two main remaining issues about DRS transmission: timing determination and QCL derivation.
Timing recovery from detected SSB
	Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement: 
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.



	Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).



	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



Though the terminology of “SSB candidate position” has been used in previous agreements, we have not defined it clearly. For example, when there is only one SSB transmitted in a slot, how many SSB candidate positions are there? Hence, we propose that there are always two SSB candidate positions within a slot in a DRS transmission window regardless of whether the number of actually transmitted SSBs within a slot is one or two. Therefore, the SSB candidate position indices within a DRS transmission window are only dependent on the SSB SCS and the DRS transmission window size. As to the DRS transmission window size, we think it should be configurable via higher layer signalling and its values can be the same as the SMTC configuration in NR R15.     
[bookmark: _Ref16659932][bookmark: _Ref16919200]Proposal 1: There are always two SSB candidate positions within a slot regardless of the number of actually transmitted SSBs within a slot. 
· Note: The SSB candidate position index within a DRS transmission window is defined accordingly from 0 to y-1 where y is determined by SCS and the DRS transmission window duration. 
[bookmark: _Ref16919209]Proposal 2: The DRS transmission window duration can be {1, 2, 3, 4, 5} msec, same as the value range of SMTC duration supported in NR R15.



Based on the previous agreements, UE can determine the timing of its serving cell by the detected SSB candidate position index, the half frame indicator, and the 10-bit SFN from PBCH. For both SCS=30kHz and 15kHz, the 3LB bits of the SSB candidate position index are represented by the 8 PBCH DMRS sequences similar to how the 3 LSB bits of SSB index is indicated in NR R15. For SCS=15 kHz and 30 kHz, one and two more bits are needed to represent the MSB bits, respectively. We propose to use the two reserved bits in PBCH payload in FR1. Specifically, for SCS=30 kHz, we can use in 7.1.1 of TS38.212 to represent the 5th and 4th bits of the SSB candidate position index, respectively. For SCS=15 kHz, we propose to use in 7.1.1 of TS38.212 as the 4th bit of the SSB candidate position index. Once UE reads the position index, half frame indicator, and SFN from PBCH, it can determine the timing of the serving cell. We do not see the need to reuse other bits in PBCH for timing related information. 
[bookmark: _Ref16919217]Proposal 3: For both SCS=30kHz and 15kHz, the 3 LSB bits of the SSB candidate position index is represented by the 8 PBCH DMRS sequences defined in NR R15. 


[bookmark: _Ref16919222]Proposal 4: For SCS=30 kHz, use in 7.1.1 of TS38.212 to represent the 5th and 4th bits of the SSB candidate position index, respectively. For SCS=15 kHz, use  in 7.1.1 of TS38.212 as the 4th bit of the SSB candidate position index.  
[bookmark: _Ref16919228]Proposal 5: UE determines serving cell timing based on the detected SSB candidate position index, the half-frame indicator, and the 10-bit SFN from PBCH. No other bits in PBCH payload are required for timing indication.

QCL derivation 
	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



In NR R15, the detected SSB index can be used for both timing determination and QCL related information. For example, UE may assume the SSBs with the same SSB index in different SSB burst sets have the QCL relation and cross-burst-set combining is possible. The SSB index in NR R15 is also used to derive the RACH resources associated with this certain SSB. Besides, it is used to determine the search spaces for at least RMSI so that UE can obtain system information and conduct RACH. 
In NR-U, since SSB indexing in NR FR2 is reused to indicate the SSB candidate position, it is bit confusing if we use the name of “SSB index” to infer the QCL information. We prefer to define the “beam index” as modulo (A, Q) where A is further to be down-selected from candidate position index and/or PBCH sequence index. If A is the candidate position index, it means UE has to read PBCH of neighboring cells at least once per cell when doing RRM measurements if it is configured to report beam-level measurements in an asynchronous deployments. This increases the measurement overhead to UE and hence should be avoided. On the other hand, if the value of Q is one of {1, 2, 4, and 8}, then the derivation of beam index can be simplified by using PBCH DMRS sequence index only. We hence propose that Q should be restricted to values from {1, 2, 4, and 8} to avoid to complicate the UE measurement procedure. For initial access, UE can determine the value of Q from PBCH reading. Once UE camps on the serving cell, the serving cell should signal the Q value to the UE via higher layer signaling for the UE to conduct measurements. As the serving cell may not have knowledge which cells are around the UE, it is unrealistic to ask the serving cell to provide the correct cell list and the Q values for all the cells in the cell list. And actually, in NR R15, smtc1 is carrier-specific rather than cell-specific. In other words, the configuration of smtc1 is applied to all cells on a carrier, not specifically to a cell. Hence, we further propose that Q should be carrier-specific that implies cells on a same carrier should have a same Q value.
[bookmark: _Ref16919082]Observation 1: If the derivation of the beam index relies on the SSB candidate position index, then UE has to read PBCH of neighboring cells when doing RRM measurements for beam-level reporting in asynchronous deployments. 
[bookmark: _Ref16919089]Observation 2: If the value of Q is one of {1, 2, 4, 8}, then the derivation of the beam index can be simplified by using PBCH DMRS sequence index only.
[bookmark: _Ref16919241]Proposal 6: Define Q as the number of actually transmitted SSBs and restrict its values to {1, 2, 4, and 8} or a subset of them.
[bookmark: _Ref16919247]Proposal 7: For initial access, Q is carried by PBCH. 
[bookmark: _Ref16919257]Proposal 8: For RRM measurements, Q is signaled to UE via higher layers.   
[bookmark: _Ref16919263]Proposal 9: Q is carrier specific, i.e. a same Q value for cells on a same carrier. 

Type0-PDCCH Monitoring 
The following agreements have been made about Type0-PDCCH monitoring. 
	Agreement: (Ad-hoc 1901)
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)



	Agreement: (RAN1 #96)
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.



	Agreement:
Only Coreset #0 lengths of 1 and 2 symbols are supported for NR-U


In NR R15, CORESET and search space configurations for Type0-PDCCH can be configurable and indicated by PBCH. In NR-U, we think a similar mechanism should be supported for Type0-PDCCH configuration. 
[bookmark: _Ref4680467][bookmark: _Ref7697542]Proposal 10: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH.
The CORESET configuration for Type0-PDCCH is closely dependent on the placement of sync raster in a channel which is under discussion in RAN4. However, if RAN4 decides only one sync raster is needed in a 20MHz channel, we have the following proposal. 
[bookmark: _Ref16919274]Proposal 11: For Type0-PDCCH CORESET configuration, down-select one of the following values for the offset between CORESET#0 and SSB by considering RAN4’s decision on sync raster. 
· For SCS=15kHz, {38, 0, 76} PRBs
· For SCS=30kHz, {14, 0, 28} PRBs

[bookmark: _Ref16659910]As to the search space configuration for Type0-PDCCH, we propose to use the parameter values in Table 1 for NR-U.
[bookmark: _Ref16919280]Proposal 12: Support Table 1 for search configuration for NR-U in FR1. 
[bookmark: _Ref16883488]Table 1: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	

{0, if  is even}, {7, if  is odd}

	2
	5
	1
	1
	0

	3
	5
	2
	1/2
	

{0, if  is even}, {7, if  is odd}

	4
	0
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	5
	5
	2
	1/2
	


 {0, if  is even}, {, if  is odd}

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Random Access Procedure
In this section, we discuss some potential enhancements to 4-step RACH for NR-U operations. Specifically, we address the following issues: 
· Enhancement to RACH resources
· RACH occasion validation rules
· Handling systematic LBT failures in RACH
Enhancements to RACH resources
	Agreement: (RAN1 #93)
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz



	Agreement: (RAN1 #94bis)
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



Several options have been proposed to deal with the issue of reduced transmission opportunities due to LBT failure for Msg1 transmission in 4-step RACH procedure. In this sub-section, we share our views on these proposals. 
In 1.a., it is proposed that multiple PRACH resources are allocated across multiple LBT sub-bands/carriers for both contention-free and contention-based RA. In RAN1 #93, it has been agreed that the initial active DL/UL BWP is approximately 20MHz. Therefore, in initial access and idle mode, it is not clear how this can be supported without extending the BW of the initial active UL BWP or increasing the number of initial active UL BWPs.
[bookmark: _Ref534988931]Observation 3: It is not clear how multiple PRACH resources can be allocated across multiple LBT sub-bands/carriers for UEs in initial access or idle mode since it has been agreed initial active DL/UL BWPs are approximately 20MHz. 
[bookmark: _Ref16919128]Observation 4: On the other hand, it is beneficial to have PRACH resources over multiple LBT sub-bands/carriers for UE to increase the LBT success rate.  
[bookmark: _Ref16919286]Proposal 13: RACH resource enhancement in frequency domain can be considered so that multiple RACH resources can be allocated across multiple LBT sub-bands/carriers.
As to 2.a., scheduling of PRACH resources via DCI for connected mode UE is worth of considering since it enables PRACH transmission in a gNB-initiated COT. However, if these resources can also be used for CBRA, it is better to allocate them in the end of a COT or multiplex them with other scheduled transmissions. In this way, gNB reduces the risk of losing the channel when the triggered PRACH resources are not being used. 
[bookmark: _Ref534989008]Proposal 14: Scheduling of PRACH resources via DCI can be considered for NR-U. 
Regarding 2.b., as pointed out in the note, it is not resource efficient to schedule PRACH resources via paging since paging is sent to multiple cells.
[bookmark: _Ref534989014]Proposal 15: Scheduling of PRACH resources via paging for idle mode UEs shall not be supported in NR-U.  
Option 2.c. allocates additional RACH resources following DRS transmission. This not only provides possibility to accelerate the initial access procedure but also the beam failure recovery request procedure.  
[bookmark: _Ref534989020]Proposal 16: Allocating additional RACH resources immediately following DRS transmission can be considered in NR-U. 
In 2.d., it is proposed multiple PRACH transmissions are allowed before Msg2 reception in RAR window for initial access. In our view, to mitigate the impact of LBT failure on PRACH transmission, providing multiple PRACH transmission “opportunities” or reducing LBT overhead by proving RACH resources in gNB-initiated COTs may be helpful. However, once UE passes LBT for one of the provided opportunities, it only needs to transmit one Msg1. There is no need to actually transmit multiple Msg1s. It is unclear to us how by allowing multiple Msg1 transmissions would help to cope with the impact of LBT failure. 
[bookmark: _Ref534988937]Observation 5: Providing multiple Msg1 transmission opportunities is beneficial to mitigate the impact of LBT failures. However, it is not clear why the actual transmission of multiple Msg1s is needed. 
[bookmark: _Ref534989025]Proposal 17:  Multiple PRACH transmissions before Msg2 reception in RAR window shall not be supported in NR-U.
Finally, for 2.e., grouping in a manner of frequency first and time second can be achieved by current NR PRACH configurations. For example, by allocating a suitable number of PRACH resources in the frequency dimension to be one and the number of SSBs per RACH occasion to be 1/4, one can get four RACH occasions in the time dimension corresponding to the same SSB.
[bookmark: _Ref534988943]Observation 6: Group wise SSB-to-RO mapping by frequency first-time second manner seems already supported by NR PRACH configurations. 
RACH occasion validation rules
In NR unpaired licensed spectrum, UE needs to take the positions of SS/PBCH blocks into consideration when it determines whether or not a RACH occasion (time-frequency resource) is valid [Sec. 8.1 of TS 38.213]. In unlicensed spectrum, there are more than one possible position for gNB to transmit NR-U DRS containing SS/PBCH blocks within a configured DMTC window. Hence, the rules about how to determine whether a configured RACH occasion is valid need modification. In our view, if the time span of a RACH occasion overlaps with the time duration of a configured DMTC window, then it is not regarded as a valid RACH occasion.
[bookmark: _Ref534988949]Observation 7: In NR, the positions of SS/PBCH blocks are taken into account for determining the validation of a RACH occasion. 
[bookmark: _Ref534988955]Observation 8: In NR-U, there are more than one possible position for a SS/PBCH block within a DMTC window. 
[bookmark: _Ref534989056]Proposal 18: In NR-U, the validation of a RACH occasion should depend on the positions of the configured DMTC window.
Handling systematic LBT failures in RACH
	Agreement: (RAN1 #94)
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented



In NR licensed, the PREAMBLE_TRANSMISSION_COUNTER is set to 1 at RA procedure initialization. It is incremented:
· After the UE transmits the RA preamble, when the ra-ResponseWindow expires and no valid response has been received by the UE, or
· After the UE transmits Msg3, when the UE receives Msg4 and the contention resolution is not successful or the ra-ContentionResolutionTimer expires.
We note that both ra-ResponseWindow and ra-ContentionResolutionTimer are started after the UE has transmitted a message to the network and is waiting for a response.
After being incremented, if PREAMBLE_TRANSMISSION_COUNTER does not exceed the maximum value preambleTransMax, the UE transmits another RA preamble and might apply power ramping depending on the RRC configuration. Otherwise, if the PREAMBLE_TRANSMISSION_COUNTER exceeds preambleTransMax, a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
If the PREAMBLE_TRANSMISSION_COUNTER is incremented and the power ramping counter is not incremented for each LBT failure, the preamble power may not reach its maximum value in the presence of LBT failures.
We therefore think that LBT failures should be evaluated separately.
To detect excessive LBT failures, one of the following mechanisms could be considered:
· A counter is incremented for each LBT failure, and the occurrence of excessive LBT failures is detected by the UE when the counter reaches its maximum value within a time window, or
· A timer is started when the MAC layer instructs the physical layer to transmit the message for the first time, it is stopped when the transmission is successful, and the occurrence of excessive LBT failures is detected by the UE when the timer expires
When the UE detects the occurrence of excessive LBT failures, the MAC layer could take the same actions as when the PREAMBLE_TRANSMISSION_COUNTER reaches its maximum value, i.e. a RA problem is indicated to the upper layers if the RA procedure was initiated on the SpCell and the RA procedure can be considered unsuccessfully completed for RA triggered for SI request or for RA on SCells.
[bookmark: _Ref534989062]Proposal 19: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
The LBT could also fail for msg3 transmissions. In this case, it is not possible to re-attempt the msg3 transmission at another opportunity because the UE transmits msg3 on the UL grant indicated in RAR. This case could be treated similar to the ra-ContentionResolutionTimer expiry: Discard the TC-RNTI, consider contention resolution not successful, flush the HARQ buffer for msg3, indicate a RA problem to upper layers, and potentially re-attempt the RA procedure.
[bookmark: _Ref534989067]Proposal 20: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.

Enhancements to RLM/RRM Measurements
	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:
· 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



	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



The RS supported for RLM/RRM measurements in NR R15 can be SSBs, CSI-RSs, or a mixture of SSBs and CSI-RSs. The configured RS is transmitted periodically. Similar to other transmissions, however, transmission of reference signals are subject to LBT and hence the presence cannot be guaranteed. How to handle missing measurements due to LBT failure becomes a problem in NR-U. Specifically, if UE cannot tell missing measurements due to LBT failure from those measurements from bad link quality, it would use all measurements for L1/L3 filtering. Then, the measurements cannot truthfully reflect the channel quality only because they are impacted by missing measurements when the RSs are actually not transmitted by the base station due to LBT failure. On the other hand, the purpose of measurements is for UE to be able to select a serving cell that it has good communication quality. If a carrier is congested very severely, should the UE continue to stay in that carrier even when the link quality is good? In our opinion, the functionality of RLM/RRM measurements should be extended in NR-U to reflect not only channel quality but also channel availability. Then an important question would be whether or not it is feasible for UE to distinguish between missing RS due to LBT failure and not detecting RS due to bad link condition. 
[bookmark: _Ref16919362]Proposal 21: Discuss whether to extend the functionality of RLM/RRM in NR-U to reflect not only link quality but also link availability. If yes, how? 
[bookmark: _Ref16919388]Proposal 22: Discuss whether it is feasible for UE to distinguish between missing RS due to LBT failure and not detecting RS due to bad link condition. 

RLM measurements
In NR R15, if a UE is configured with more than one RLM-RS resource for in-sync and out-of-sync evaluation, UE indicates out-of-sync to higher layers if all the RLM-RS resources are below Qout while UE indicates in-sync if any of the RLM-RS resource is above Qin. In this way, it can prevent UE from triggering radio link failure too often. In this section, we focus on the discussion of SSB-based RLM measurements. With the protection of DRS windows, the chances of SSBs not being transmitted due to LBT failure in all candidate transmission positions should be low. However, since the maximum DRS transmission window is only 5msec, it is still possible that gNB has failed to pass LBT for all SSB candidate positions within a DRS transmission window for example when a neighbouring gNB has acquired the channel access with a channel occupancy of a duration longer than 5ms. 


[bookmark: _Ref16913559]Figure 1: Example of RLM evaluation. Note the evaluation periods are different for in-sync and out-of-sync evaluations. 

In Figure 1, we illustrate RLM evaluation with a single RLM-RS resource. To improve measurement accuracy, measurements within the sliding window duration are all taken into account by the L1 filtering. Note the evaluation periods for out-of-sync evaluation and in-sync evaluation are different since the SINR ranges of interest are different. Each RLM-RS in Figure 1 is represented by a DRS tx window in Figure 2 and Figure 3 where we have assumed there are five candidate positions for this SSB within a DRS transmission window and at most one of them is actually used for the SSB transmission which is subject to LBT. When the channel is in a good SINR condition, it is more likely for UE to determine whether SSBs are successfully transmitted during one DRS transmission window. In other words, it is more likely for UE to rule out invalid measurements as Measurement 3 in Figure 2. Since the target SINR scenario of in-sync evaluation is high SINR, we think UE should be allowed to rule out measurements that are reliably determined as invalid measurements. 
[bookmark: _Ref16919167]Observation 9: It is more likely for UE to determine whether SSBs are successfully transmitted during one DRS transmission window in a high SINR condition than in a low SINR condition. 
[bookmark: _Ref16919173]Observation 10: In high SINR, UE may be able to rule out missing measurements due to LBT failure. 
[bookmark: _Ref16919398]Proposal 23: For SSB-based RLM in-sync evaluation, UE may use measurements from only some of the DRS transmission windows within the evaluation period for L1 filtering.
· FFS: Which and the number of DRS transmission windows to be used
· Note: It is up to RAN4 to decide whether and how the evaluation period is extended if not all DRS transmission windows are taken into consideration for L1 filtering.



[bookmark: _Ref16664716]Figure 2: Presence and signal strength of an RLM-RS, i.e. an SSB in this case, configured for RLM measurements in all its candidate positions during the RLM evaluation period in a high SINR scenario. In this example, only measurements 1, 2, 4, and 5 are used for L1 filtering for in-sync evaluation assuming that UE can determine measurement 3 is invalid because the configured SSB is not transmitted in the DRS transmission window at time t3 due to LBT failure.

On the other hand, it is not clear whether UE can always determine the presence of an SSB configured for measurements in all different SINR scenarios, especially at a low SINR condition. If the reliability of determination the presence of RS is high, then UE of course can use measurements that are determined as valid for L1 filtering. But if it is not feasible especially in low SINR condition which is the target SINR range for out-of-sync evaluation, then measurements from all the transmission windows are taken into L1 filtering. If all the SSBs configured for RLM measurements are blow Qout in all their candidate positions within the out-of-sync evaluation period, UE indicates OOS to its higher layers. 
[bookmark: _Ref16919408]Proposal 24: For SSB-based RLM out-of-sync evaluation, depending on whether or not it is feasible for UE to distinguish the two cases between DTX of SSB due to LBT failure and not detecting SSB due to bad link quality, we have the following proposals.
· If it is feasible, UE may use measurements from only some of the DRS transmission windows within the out-of-sync evaluation period for L1 filtering.
· Note: It is up to RAN4 to decide whether and how the out-of-sync evaluation period is extended. 
· If it is not feasible, UE indicates OOS to higher layer when all the SSBs configured for RLM measurements are below Qout in all their candidate positions within the out-of-sync evaluation period.



[bookmark: _Ref16664727]Figure 3: Presence and signal strength of an RLM-RS, i.e. an SSB in this case, configured for RLM measurements in all its candidate positions during the RLM evaluation period a low SINR scenario. In this example, all measurements 1 to 5 should be used for L1 filtering for out-of-sync evaluation. 

RRM measurements
	Agreement: (RAN1 #96)
· 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



In last RAN4 meeting, the issue of RSSI definition was discussed in [2] and related CR for LAA test cases was agreed in [3]. The issue discussed by is that according to the definition of RSSI in LTE, the reported RSSI is not normalized by the measurement bandwidth where the measurement bandwidth is decided by UE as long as UE can meet RAN4’s requirements. This may lead to different reported measurements even when two UEs are measuring the same carrier if their measurement bandwidths are different. Without the knowledge of UE’s measurement bandwidth, it is difficult for the network to utilize the measurement results reported by different UEs. To avoid encountering the same issue we have in LTE, we hence propose RSSI in NR-U should be normalized by N which is the number of PRBs used by UE for measurement. Having the definition of RSSI changed, the threshold configured for channel occupancy reporting should be changed accordingly.  
[bookmark: _Ref16919179]Observation 11: According to the current definition of RSSI in LTE, the reported RSSI value scales with the number or PRBs which is completely up to UE implementation.  
[bookmark: _Ref16919185]Observation 12: The uncertainty in number of PRBs used for RSSI measurement makes the reported RSSI, channelOccupancy and threshS-RSSI-CBR difficult to be used by network.
[bookmark: _Ref16919422]Proposal 25: The reported RSSI value is normalized by N, which is the number PRBs used by UE for measurement. The exact value of N should be up to UE’s implementation, as long as UE can fulfill RAN4’s requirement.
Proposal 26: The corresponding thresholds used in channel Occupancy measurement should be changed correspondingly.
Finally, since wide-band operation has been agreed for NR-U, we think the RSSI and channel occupancy measurements should be enhanced to support sub-band-level measurements and reporting. 
[bookmark: _Ref16919435]Proposal 27: Sub-band-level RSSI and channel occupancy measurements should be supported. 

Conclusions
Observation 1: If the derivation of the beam index relies on the SSB candidate position index, then UE has to read PBCH of neighboring cells when doing RRM measurements for beam-level reporting in asynchronous deployments.
Observation 2: If the value of Q is one of {1, 2, 4, 8}, then the derivation of the beam index can be simplified by using PBCH DMRS sequence index only.
Observation 3: It is not clear how multiple PRACH resources can be allocated across multiple LBT sub-bands/carriers for UEs in initial access or idle mode since it has been agreed initial active DL/UL BWPs are approximately 20MHz.
Observation 4: On the other hand, it is beneficial to have PRACH resources over multiple LBT sub-bands/carriers for UE to increase the LBT success rate.
Observation 5: Providing multiple Msg1 transmission opportunities is beneficial to mitigate the impact of LBT failures. However, it is not clear why the actual transmission of multiple Msg1s is needed.
Observation 6: Group wise SSB-to-RO mapping by frequency first-time second manner seems already supported by NR PRACH configurations.
Observation 7: In NR, the positions of SS/PBCH blocks are taken into account for determining the validation of a RACH occasion.
Observation 8: In NR-U, there are more than one possible position for a SS/PBCH block within a DMTC window.
Observation 9: It is more likely for UE to determine whether SSBs are successfully transmitted during one DRS transmission window in a high SINR condition than in a low SINR condition.
Observation 10: In high SINR, UE may be able to rule out missing measurements due to LBT failure.
Observation 11: According to the current definition of RSSI in LTE, the reported RSSI value scales with the number or PRBs which is completely up to UE implementation.
Observation 12: The uncertainty in number of PRBs used for RSSI measurement makes the reported RSSI, channelOccupancy and threshS-RSSI-CBR difficult to be used by network.

Proposal 1: There are always two SSB candidate positions within a slot regardless of the number of actually transmitted SSBs within a slot.
· Note: The SSB candidate position index within a DRS transmission window is defined accordingly from 0 to y-1 where y is determined by SCS and the DRS transmission window duration.

Proposal 2: The DRS transmission window duration can be {1, 2, 3, 4, 5} msec, same as the value range of SMTC duration supported in NR R15.
Proposal 3: For both SCS=30kHz and 15kHz, the 3 LSB bits of the SSB candidate position index is represented by the 8 PBCH DMRS sequences defined in NR R15.
Proposal 4: For SCS=30 kHz, use in 7.1.1 of TS38.212 to represent the 5th and 4th bits of the SSB candidate position index, respectively. For SCS=15 kHz, use  in 7.1.1 of TS38.212 as the 4th bit of the SSB candidate position index.
Proposal 5: UE determines serving cell timing based on the detected SSB candidate position index, the half-frame indicator, and the 10-bit SFN from PBCH. No other bits in PBCH payload are required for timing indication.
Proposal 5: UE determines serving cell timing based on the detected SSB candidate position index, the half-frame indicator, and the 10-bit SFN from PBCH. No other bits in PBCH payload are required for timing indication.
Proposal 6: Define Q as the number of actually transmitted SSBs and restrict its values to {1, 2, 4, and 8} or a subset of them.
Proposal 7: For initial access, Q is carried by PBCH.
Proposal 8: For RRM measurements, Q is signaled to UE via higher layers.
Proposal 9: Q is carrier specific, i.e. a same Q value for cells on a same carrier.
[bookmark: _GoBack]Proposal 10: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH.
Proposal 11: For Type0-PDCCH CORESET configuration, down-select one of the following values for the offset between CORESET#0 and SSB by considering RAN4’s decision on sync raster.
· For SCS=15kHz, {38, 0, 76} PRBs
· For SCS=30kHz, {14, 0, 28} PRBs

Proposal 12: Support Table 1 for search configuration for NR-U in FR1.
Proposal 13: RACH resource enhancement in frequency domain can be considered so that multiple RACH resources can be allocated across multiple LBT sub-bands/carriers.
Proposal 14: Scheduling of PRACH resources via DCI can be considered for NR-U.
Proposal 15: Scheduling of PRACH resources via paging for idle mode UEs shall not be supported in NR-U.
Proposal 16: Allocating additional RACH resources immediately following DRS transmission can be considered in NR-U.
Proposal 17:  Multiple PRACH transmissions before Msg2 reception in RAR window shall not be supported in NR-U.
Proposal 18: In NR-U, the validation of a RACH occasion should depend on the positions of the configured DMTC window.
Proposal 19: The UE detects excessive LBT failures for RA preamble transmissions by using a timer or a counter mechanism. Upon detection, the UE takes the same actions as when the PREAMBLE_TRANSMISSION_COUNTER exceeds its maximum value.
Proposal 20: The UE detects excessive LBT failures for msg3 transmissions by using a timer or a counter mechanism. If LBT fails for msg3, the UE takes the same actions as the ra-ContentionResolutionTimer expiry.
Proposal 21: Discuss whether to extend the functionality of RLM/RRM in NR-U to reflect not only link quality but also link availability. If yes, how?
Proposal 22: Discuss whether it is feasible for UE to distinguish between missing RS due to LBT failure and not detecting RS due to bad link condition.
Proposal 23: For SSB-based RLM in-sync evaluation, UE may use measurements from only some of the DRS transmission windows within the evaluation period for L1 filtering.
· FFS: Which and the number of DRS transmission windows to be used
· Note: It is up to RAN4 to decide whether and how the evaluation period is extended if not all DRS transmission windows are taken into consideration for L1 filtering.

Proposal 24: For SSB-based RLM out-of-sync evaluation, depending on whether or not it is feasible for UE to distinguish the two cases between DTX of SSB due to LBT failure and not detecting SSB due to bad link quality, we have the following proposals.
· If it is feasible, UE may use measurements from only some of the DRS transmission windows within the out-of-sync evaluation period for L1 filtering.
· Note: It is up to RAN4 to decide whether and how the out-of-sync evaluation period is extended.
· If it is not feasible, UE indicates OOS to higher layer when all the SSBs configured for RLM measurements are below Qout in all their candidate positions within the out-of-sync evaluation period.

Proposal 25: The reported RSSI value is normalized by N, which is the number PRBs used by UE for measurement. The exact value of N should be up to UE’s implementation, as long as UE can fulfill RAN4’s requirement.
Proposal 27: Sub-band-level RSSI and channel occupancy measurements should be supported.
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