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Introduction
Following the guidance from [1], we address the essential remaining issues during an initial access procedure in this contribution. 
Remaining details in NR-U DRS design 
In this section, we discuss some remaining details for NR-U DRS design such as the maximum number of transmitted SSBs within a DRS transmission window, shift granularity of DRS transmission, etc. 
	Agreement: (RAN1 #94bis 1810)
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission



	Agreement: (RAN1 #98bis 1910)
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U



	Agreement: (RAN1 #98bis 1910)
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.



In NR, only one SSB burst set is transmitted within every SSB period. Though gNB can employ the same transmission beam for SSBs within an SSB burst set, it is transparent to UE. Hence, UE is not required to do soft combining among SSBs within an SSB burst set in NR Rel-15.
[bookmark: _Ref24191383]Observation 1: In NR Rel-15, only one SSB burst set is transmitted every SSB period. 
[bookmark: _Ref24191392]Observation 2: In NR Rel-15, it is transparent to UE if gNB uses the same transmission beam to transmit SSBs within an SSB burst set.  
In NR-U, multiple transmission opportunities are introduced for DRS transmission to mitigate the impact of LBT on SSB transmission. Once gNB has passed LBT and can transmit SSBs, it is unclear whether gNB can transmit multiple SSBs that have the value of modulo (A, Q) where A is the PBCH DMR sequence index and Q is the number of SSB candidate positions between two QCL’ed SSBs. In other words, it is unclear whether NR-U supports transmission of more than one SSB burst set within a DRS transmission window. Some companies have proposed that beam repetition for soft combining of SSBs within the same DRS transmission window should be supported for NR-U. However, it unclear how soft combining of SSBs can be utilized before Q is known. In initial access, Q can be acquired at the earliest via PBCH reading. Then how can UE know which SSBs within the same DRS transmission window are QCL’ed and can be softly combined for PSS/SSS detection or PBCH decoding? In addition, if NR-U supports the number of transmitted SSBs within a DRS transmission window, say L, can be larger than Q, it decrease UE’s capability of cell search. For example, for Q=1 and L=8, it means gNB transmit 8 SSBs within a DRS transmission window using the same transmission beam. When UE detects these 8 SSBs during initial cell search, it cannot tell which scenario of the following it is experiencing:  the 8 SSBs are from the same beam by a same cell, the 8 SSBs are from different beams of the same cell, or the 8 SSBs are from different cells. UE would regard the case of (Q=1, L=8) as 8 different beams/cells while it should have regarded as one beam/cell. This hence reduces UE’s capability on cell search. If a UE wants to maintain the same cell search capability as in legacy NR for most scenarios, it would have to increase its hardware cost. Therefore, we think transmission of more than one SSB burst set within the DRS period should not be supported which is aligned with legacy NR. Furthermore, the starting position and the ending position should be clearly defined to reduce some implementation complexity at the UE’s side. 
[bookmark: _Ref24191399]Observation 3: It is not clear how to support soft combining of SSBs within the same DRS transmission window when Q is unknown to UE during a cell search procedure. 
[bookmark: _Ref24191405]Observation 4: The benefit of supporting the number of transmitted SSBs within a DRS transmission window larger than Q is not justified while the decrease of UE’s cell search capability in field is clearly foreseen. 
[bookmark: _Ref24191507]Proposal 1: In NR-U, the number of transmitted SSBs within a DRS transmission window is not larger than Q. 
[bookmark: _Ref24191516]Proposal 2: The number of candidate SSB positions (i.e. half slots) from the first transmitted SSB to the last transmitted SSB within a DRS transmission window is not larger than Q. 
For the default DRS transmission window of 5ms, it provides 20 and 10 SSB candidate positions for SCS=30kHz and 15kHz, respectively. To provide the same transmission opportunities for SSBs, we think when the number of the leftover positions at the end of a DRS window is less than Q, they should not be used for SSB transmissions. For example, for Q=8 with SCS=30kHz, the last four candidate positions with indices ={16, 17, 18, 19} should not used for SSB transmission. 
[bookmark: _Ref24191522]Proposal 3: When the number of leftover candidate positions within a DRS transmission window is smaller than Q, UE does not expect SSBs to be transmitted in those positions.
As to the shift granularity of DRS transmission, since there are no PDCCH available in between two SSB candidate positions within a slot, we should support slot-based shift granularity rather than half-slot-based granularity. 
[bookmark: _Ref24191528]Proposal 4: Starting points for DRS transmission with a DRS transmission window are aligned with slot boundaries. In other words, the shift granularity of DRS transmission is per slot basis.  
Finally, in NR-U, the SS/PBCH index in NR-U refers the SSB candidate position index and serves for timing derivation but it cannot directly imply the QCL relation without the use of Q. The interpretation of ssb-PositionsInBurst needs some clarification in NR-U. Since we have agreed the maximum number of transmitted SSBs within a DRS transmission is 8, we think the size of ssb-PositionsInBurst should be 8 bits for NR-U in FR1. Each bit indicates the transmission of SS/PBCH blocks with the same QCL relation, i.e. the same value of modulo(n, Q), where n is the SS/PBCH block index. 
[bookmark: _Ref24191534]Proposal 5: The k-th bit in ssb-PositionsInBurst indicates the transmission of a SS/PBCH block with index n such that modulo (n, Q) = k with k = 0, 1, 2, …, 7 for NR-U in FR1.  


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 6: 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 7: 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. 
RSSI measurements 
	Agreement: (RAN1 #98bis, 1910)
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA



In NR, the reason bandwidth part (BWP) operation is introduced is because it is very power consuming if UE is always configured with wideband operation, i.e. more than 20MHz. We can understand there may be different interference level in different LBT sub-bands. However, gNB can configure different UE to measure and report RSSI measurement in different sub-bands to collect such information. 
[bookmark: _Ref24191560]Proposal 8: RSSI measurement bandwidth is not larger than an LBT bandwidth. 
[bookmark: _Ref24191566]Proposal 9: Wideband RSSI measurements are not supported. 

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 5: 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 6: In high SINR, UE may be able to rule out missing measurements due to LBT failure. 
[bookmark: _Ref16919398]Proposal 10: 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 11: 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 7: 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 8: 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 12: 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.
[bookmark: _Ref21422940]Proposal 13: 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 14: Sub-band-level RSSI and channel occupancy measurements should be supported. 

Conclusions
In this contribution, we have the following observations.
Observation 1: In NR Rel-15, only one SSB burst set is transmitted every SSB period.
Observation 2: In NR Rel-15, it is transparent to UE if gNB uses the same transmission beam to transmit SSBs within an SSB burst set.
Observation 3: It is not clear how to support soft combining of SSBs within the same DRS transmission window when Q is unknown to UE during a cell search procedure.
Observation 4: The benefit of supporting the number of transmitted SSBs within a DRS transmission window larger than Q is not justified while the decrease of UE’s cell search capability in field is clearly foreseen.
Observation 5: 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 6: In high SINR, UE may be able to rule out missing measurements due to LBT failure.
Observation 7: 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 8: 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.

Our proposals are summarized below.
Proposal 1: In NR-U, the number of transmitted SSBs within a DRS transmission window is not larger than Q.
Proposal 2: The number of candidate SSB positions (i.e. half slots) from the first transmitted SSB to the last transmitted SSB within a DRS transmission window is not larger than Q.
Proposal 3: When the number of leftover candidate positions within a DRS transmission window is smaller than Q, UE does not expect SSBs to be transmitted in those positions.
Proposal 4: Starting points for DRS transmission with a DRS transmission window are aligned with slot boundaries. In other words, the shift granularity of DRS transmission is per slot basis.
Proposal 5: The k-th bit in ssb-PositionsInBurst indicates the transmission of a SS/PBCH block with index n such that modulo (n, Q) = k with k = 0, 1, 2, …, 7 for NR-U in FR1.
Proposal 6: 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 7: 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 8: RSSI measurement bandwidth is not larger than an LBT bandwidth.
[bookmark: _GoBack]Proposal 9: Wideband RSSI measurements are not supported.
Proposal 10: 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.
Proposal 11: 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.
Proposal 12: 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 13: The corresponding thresholds used in channel Occupancy measurement should be changed correspondingly.
Proposal 14: Sub-band-level RSSI and channel occupancy measurements should be supported.
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