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1	Introduction
A WI on NR-based Access to Unlicensed Spectrum [1] was approved in RAN Meeting #82. This WI was based on the findings in “Study on NR-based Access to Unlicensed Spectrum”, which are summarized in [2], considering operation in below 7GHz bands. The design target of the WID is to specify a single global solution for NR-based access to unlicensed spectrum, compatible with the NR concepts, reusing the features of NR as much as possible. NR-U will guarantee fair access to the unlicensed spectrum with Listen-Before Talk (LBT) mechanism, using the mechanism in LTE-LAA as baseline for 5 GHz, and as a starting point of the design for operation in the 6GHz band [2].
The feasibility of NR operation in unlicensed spectrum was determined considering five different scenarios namely NR-U LAA, ENU-DC, NR-U SA, NR-U SA with uplink in licensed band and NNU-DC, as follows:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U. 

Some of the detailed objectives of the work item that might impact the RRM requirements are:
· RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure
· For standalone NR-U deployments, specify mechanisms for inter-cell handover between NR-U and NR-U, inter-cell handover between NR-U and NR, and Inter-RAT handover between NR-U and LTE (connected to either EPC of 5GC). Extensions of mobility-related measurement reporting for unlicensed operation including channel occupancy indication and RSSI measurements.
· DRX considering channel access uncertainty
· Radio link Monitoring
In this contribution, the functionalities that can possibly impact on RRM requirements are discussed for the different scenarios. We follow the work plan proposed in [4] for the RRM core part, and prioritize the discussions of scenarios A, B and C.
2	Discussion
2.1 Overview of RRM impacts due to NR-U
The design target of NR-U is to reuse NR features as much as possible, enabling coexistence in the unlicensed spectrum with incumbent technologies, such as Wi-Fi and LTE-LAA, and other NR-U systems, by using, at least, energy detection. Five scenarios were studied, comprising features such as carrier aggregation, dual connectivity with NR and LTE, and stand-alone operation in the unlicensed spectrum. 
Energy detection is part of the LBT mechanism, in which a node performs a clear channel assessment (CCA) to the channel to determine if the channel is vacant. In case the channel is determined vacant, the node starts transmission. In case the channel is occupied, i.e. the LBT procedure fails, all transmissions will be delayed until it is considered vacant. Therefore, in unlicensed bands, signals that are considered periodic in NR licensed, such as Synchronization Signal Block (SSB) and Channel Status Information Reference Signal (CSI-RS), cannot be considered periodic as their presence is not guaranteed. Once the gNB misses the transmission of those signals due to failed LBT, it must wait until next transmission opportunity, impacting all procedures that depend on their measurement. 
Measurement of periodic signals are used in NR for different purposes, such as: radio link monitoring (RLM) and radio resource management (RRM). Therefore, the uncertainty of channel access due to LBT failure will impact all procedures that depend on those measurements in NR-U, observing the specificities of different scenarios. For example, requirements for RLM are required in scenarios with SpCells in unlicensed spectrum, while requirements for RRM measurements and reporting are required in all scenarios. 
In the following Sections, we detail the specification impact of each of NR-U Scenarios A, B and C. Section 2.2 details the impact on TS 38.133 and discusses specific details of RRM and RLM measurements and procedures. Impact to TS 36.133 due to Scenario B is discussed in section 2.3.
2.2 Detailed Impact of NR-U in TS 38.133
Table 1 shows the expected impact on TS 38.133[5] per NR-U scenario (A, B or C). Some discussions regarding the impact on RLM and RRM are presented in the following Sections.
According to the WI, for Rel-16, an NR-U cell can operate in the 5GHz and the 6GHz unlicensed bands. which means that an NR-U cell is always on FR1. Regular NR cells being FR2 cells is not precluded. All the discussed requirement impact below should take this into account.

In Rel-16, an NR-U cell is always an FR1 cell, so all requirements for NR-U cells should only be defined for FR1. 
Table 1 – Overview of the NR-U impacts on TS 38.133
	Section
	Scenarios
	Comments

	
	A
	B
	C
	

	3. Definitions, symbols and abbreviations
	X
	X
	X
	General impact. This Section needs to be updated to include NR-U abbreviations, definitions, requirement applicability and the frequency band grouping.

	4. SA Idle State Mobility 
	
	
	X
	Rel 15 NR design is considered as baseline for cell selection and re-selection procedures. Due to LBT failure, requirements need to consider that samples might not be available during consecutive DRX cycles.

	5. SA Inactive State Mobility
	
	
	X
	Same as above

	6. RRC Connected state mobility 
	
	
	X
	This Section will be impacted for the scenario that has a NR-U PCell. The WI specifies that mechanisms should be defined for inter-cell handover between NR-U and NR-U, NR-U and NR, and inter-RAT handover between NR-U and LTE. Therefore, the requirements should cover all these cases. LBT will have an impact on the handover delay requirement, when the target cell is an NR-U cell.  

	7. Timing

	7.1 UE Transmit Timing 
	X
	X
	X
	The introduction section needs to be updated so that it takes into account all NR-U scenarios. Requirements need to be defined for Timing Advance Groups (TAG) that contain one or more NR-U cells. RAN4 to discuss how to select the reference cell of the TAG, and if and under which conditions NR-U cell can be a reference cell in case there are no licensed cells in the TAG.   

	7.5 Maximum Transmission Timing Difference
7.6 Maximum Receive Timing Difference
	X
	X
	X
	Requirements are needed for different scenarios. RAN 4 to discuss whether NR requirements apply to these cases, or if new NR-U specific MRTD and/or MTTD requirements need to be defined.

	8. Signalling Characteristics

	8.1 Radio Link Monitoring
 
	
	X
	X
	Radio link monitoring requirements need to be further studied for scenarios with NR-U SpCells. Detailed Comments are in Section 2.2.2.

	8.2 Interruption
	X
	X
	X
	In LTE LAA, the changes to the LTE interruption requirements were minimal; only the applicability of the requirements was updated. For NR-U, Rel-15 NR interruption requirements can be reused as a baseline, taking into account that all scenarios and the interruption types applicable for them are properly covered. 

	8.3 SCell Activation and Deactivation Delay 
	X
	X
	X
	Requirements are needed and are applicable for all scenarios, since NR-U SA also supports at least intra-band CA. Same requirements apply every time an NR-U SCell is activated with some scenario specific clarifications e.g. regarding when interruption is allowed to happen. When defining the SCell activation delay requirement, LBT impact needs to be taken into account in the delay by allowing relaxation in case the UE cannot receive or transmit due to LBT failure. 

	8.5 Link Recovery Procedures
	
	X
	X
	Requirements should be defined for all scenarios with NR-U SpCell. 

	8.X BWP adaptation delay
	
	X
	X
	In NR-U, there is no Active BWP switch, so Section 8.6 does not need to be adjusted. However, for wideband operations with a configured BWP spanning bandwidth of n*20 MHz, where n>1, new requirements may be needed, in case of LBT failure. This issue is currently being discussed in RAN4 RF, and the agreements may have impact on RAN4 RRM work.

	9. Measurement Procedure
	X
	X
	X
	Measurement requirements based on DMTC need to be added for NR-U, also considering DRX. RSSI and channel occupancy measurement procedures requirements need to be included. 
UE measurement capability: UE measurement capability requirements need to be defined to cover NR-U carrier monitoring. All scenarios should be covered.
How to define the requirements is FFS and depends on the decisions of RAN1 and 2. Discussions on Section 2.2.1 and 2.2.2.

	10. Measurement Performance Requirements
	X
	X
	X
	Introduce RSSI measurements.
Measurement accuracy needs to be re-evaluated due to the change in the density of the reference signals. 
Discussions on Section 2.2.1 and 2.2.2.



According to what was discussed above, the following observation can be made:
In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of LBT procedure. Therefore, the RRM measurement and reporting and RLM may be impacted by the reduced transmission opportunity of reference signals due to LBT failure.
During the study phase, it was agreed that for RLM on an unlicensed SpCell and RRM, UEs can perform measurements during a DRS Measurement Time Configuration (DMTC) window. It has been considered beneficial for the time-domain measurement windows for RRM and RLM to be different, but the exact configurations are still under discussion in RAN1 and RAN2, and might impact RAN4 work.
Considering specifically the transmission of DRS, in TR 38.889, it was also agreed that modifications of NR should be proposed to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window. Though the final design of these signals is still under discussion in RAN1, RAN4 can consider that the signals expected within the DRS transmission window may or may not be present within the UE measurement window, due to LBT failure. In the following Sections we discuss in the details the impacts on RRM and RLM.
RAN 4 needs to consider that SMTC and RLM measurements window may or may not coincide with the DRS transmission window. 

2.2.1 RRM
RRM measurement and reporting will be affected by all NR-U scenarios. Using NR Rel-15 as a baseline for the measurement framework, at least RSRP, RSRQ and SINR measurements need to be supported also in NR-U. 
The measurement framework of NR-U will be based on NR Rel-15, including RSRP, RSRQ and SINR.
One specificity of the unlicensed spectrum is that there are some power spectrum density (PSD) requirements to be met depending on the transmission bandwidth. In LTE-LAA, in order to ensure reliable RRM measurements, it has been agreed that the network should guarantee a constant reference signal power transmission inside the DRS transmission window, which was aligned with the DMTC. Such condition was not necessary outside this window. It is still under discussion in RAN 1 whether SSB/CSI-RS based RRM measurements are allowed both inside and outside the DRS transmission window, and this decision will impact RAN4 requirements[6]. Additionally, modifications on the Rel-15 SMTC window and on the DRX active time are still for FFS. Some aspects should be investigated, such as [6]:
· The DRS transmission window distribution between serving and neighbour cells. 
· Different SMTC configurations for intra and inter-frequency measurements
· SMTC duration and periodicity.
All these decisions will impact on RAN4 work, when defining the measurement periodicity in idle, inactive and connected modes. 
Discussions about the DRS transmission window and SMTC configuration are still ongoing in RAN1 and RAN2.
In the SI, support of reporting RSSI was considered to be beneficial, as well as a metric to represent the channel occupancy or medium contention in addition to RSSI. In RAN1#96, RAN1 agreed that at least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported, but it is still under discussion the introduction of new medium contention/load metrics, other than channel occupancy. Furthermore, it is under discussion in RAN2 if the configuration and reporting of LTE-LAA RSSI can be used as baseline for NR-U. 
The functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting should be supported. 

The discussion of whether configuration and reporting of LTE-LAA RSSI and channel occupancy reporting is still ongoing in RAN2, as well as if new measurements are needed.
RAN4 to specify requirements for RSRP, RSRQ, RSSI and channel occupancy measurements after RAN1 and 2 relevant agreements. 
One issue that arises from the LBT procedure failure is how to handle missing L1 samples during the evaluation periods. In NR Rel 15, measurement requirements are defined assuming overlapping between SSB or CSI-RS transmissions, DRX, measurement gaps and SMTC windows. After initial access, it is expected that the UE is aware of the DRS transmission characteristics in serving and neighbor cells, including DRS timing.
In NR-U, it cannot be assumed that the UE is aware of the DRS transmissions due to failure of LBT. It is under discussion in RAN1 whether the gNB needs to explicitly indicate to the UE missing L1 samples or not. However, it is up to RAN4 to adjust the measurement requirements accordingly, to cope with the loss of L1 samples during the measurement period. The same observation applies in case multiple beams are supported for cell-quality indication.
Missing L1 samples will impact measurement procedures and accuracy.
RAN4 to study the impact of missing L1 samples due to LBT failure and how to handle it in the definition of measurements procedures and accuracy.
2.2.2 RLM
 In LTE-LAA, only SCells were allowed in unlicensed spectrum. Therefore, the definition of RLM requirements was not needed.  In NR-U, all scenarios that have SpCells need the definition of RLM requirements. Considering specifically RLM, the UE monitor downlink radio quality to indicate out-of-sync (OOS)/in-sync (IS) status to higher layers. 
In NR, both SSB and CSI-RS can be considered as RLM reference signals (RLM-RS). In licensed spectrum, OOS is reported if the downlink radio quality is worse than a threshold Qout for several consecutive periods, and starts a timer to account for radio link failure (RLF). In licensed spectrum, the evaluation period considers the overlapping of the transmissions of RLM-RS, SMTC windows, the periodicity of DRX and measurement gaps. By assuming a given periodicity, RLM requirements were defined based on the number of occurrences of RLM-RS signals during the evaluation period.
In NR, RLM requirements were defined considering the periodicity of RLM-RS.
In unlicensed spectrum, similar to the discussions in the previous section, the periodicity of RLM-RS cannot be guaranteed due to LBT failure, as in Figure 1. Furthermore, within UE in principle cannot differentiate if the OOS condition is met because the channel quality is bad, or because the gNB missed the transmission opportunity due to LBT failure, declaring RLF unnecessarily.  Therefore, enhancements to the RLM-RS signals and measurements are still being discussed in RAN2, to balance the probability of wrongly declaring radio link failure (RLF) and the delay in declaring it.
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The current status of these discussions in RAN1 and 2 is: it has been agreed that RLM measurements inside an RLM measurement window, based on SSBs in the DRS, are supported for in-sync and OOS evaluations in NR-U. It is still under discussion:
· whether an SSB can fall outside the measurement window and, if it can be used for in-sync and out of sync evaluations,
· further enhancements for RLM-RS signals outside of the DRS transmission window.
Enhancements on the RLM-RS, as well as which set of measurements can be used for in-sync and out-of-sync evaluations, are still under discussion in RAN 1 and 2.
 The outcome of these discussions will impact the definition of requirements in RAN4, which are currently based on the periodicity of RLM-RS. Furthermore, as in the RRM requirements, RAN4 needs to study and define requirements for cases where RLM-RS samples are missing.
RAN4 to discuss how to count and how to consider both the detected RLM-RS transmissions, for in-sync evaluations, and the missing RLM-RS samples for out-of-sync evaluations within the DRS transmission window, and wait for RAN1 and 2 decisions about RLM-RS signals transmitted outside of the DRS transmission window.
2.3 Detailed Impact of NR-U in TS 36.133
Besides the requirements discussed for Scenarios A-C in section 2.2, Scenario B also has an impact on TS 36.133. Scenario B for DC between licensed band LTE (PCell) and NR-U (PSCell) is similar to EN-DC with the exception that PSCell is now in unlicensed. For EN-DC, some of the requirements have been introduced in 36.133, and if the same principle is followed for NR-U scenario B, the same should be done here. Following the EN-DC principle, Table 1 shows the expected impact on TS 36.133 on NR-U scenario B. 
Table 2 - Overview of the NR-U impacts on TS 36.133, Scenario B
	Section
	Comments

	
	

	3 Definitions, symbols and abbreviations
	NR-U definitions and abbreviations need to be introduced. Applicability of requirements in NR-U scenario B also need to be added.

	7.7 SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation
	Requirements are needed for when E-UTRA SCell is activated/deactivated in MCG in NR-U scenario B. LTE requirements can be reused, but applicability needs to be updated.

	7.xx NR-U PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity
	Similarly as in section 7.31 NR PSCell Addition and Release Delay for E-UTRA - NR Dual Connectivity, requirements for NR-U PSCell addition/release delay are needed. LBT impact on NR-U PSCell needs to be taken into account.

	7.xx Interruptions with E-UTRA – NR-U Dual Connectivity
	Similarly as in section 7.32 Interruptions with EN-DC, interruption requirements need to be defined for when E-UTRA PCell/SCell in MCG is the victim and interrupted by NR-U PSell/SCell in SCG. Requirements can likely be reused, but applicability has to be updated.

	8.1.2.1 UE measurement capability
	In EN-DC, UE measurement capability requirements were duplicated between 38.133 and 36.133. If a similar approach is followed for NR-U scenario B, UE measurement capability requirements need to cover scenario B in a similar way as in 38.133.

	8.xx Measurements for E-UTRA – NR-U Dual Connectivity
	Measurement requirements need to be defined for NR-U scenario in a similar way as in 8.17 Measurements for E-UTRA – NR Dual Connectivity. Which measurement requirements are needed is to be confirmed.



3	Conclusion
In this contribution, we have discussed potential impacts of NR-U scenarios A, B and C on the TS 38.133 and TS 36.133 specifications. 
The following table summarizes the potential impacts on TS 38.133:
	Section
	Scenarios

	
	A
	B
	C

	3. Definitions, symbols and abbreviations
	X
	X
	X

	4. SA Idle State Mobility 
	
	
	X

	5. SA Inactive State Mobility
	
	
	X

	6. RRC Connected state mobility 
	
	
	X

	7.1 UE Transmit Timing 
	X
	X
	X

	7.5 Maximum Transmission Timing Difference
7.6 Maximum Receive Timing Difference
	X
	X
	X

	8.1 Radio Link Monitoring
	
	X
	X

	8.2 Interruption
	X
	X
	X

	8.3 SCell Activation and Deactivation Delay 
	X
	X
	X

	8.5 Link Recovery Procedures
	
	X
	X

	8.X BWP adaptation delay
	
	X
	X

	9. Measurement Procedure
	X
	X
	X

	10. Measurement Performance Requirements
	X
	X
	X



The following table summarizes the potential impacts of NR-U scenario B on TS 36.133:
	Section

	

	3 Definitions, symbols and abbreviations

	7.7 SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation

	7.xx NR-U PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity

	7.xx Interruptions with E-UTRA – NR-U Dual Connectivity

	8.1.2.1 UE measurement capability

	8.xx Measurements for E-UTRA – NR-U Dual Connectivity



Based on the discussion, we make the following proposals and observations:
Observation 1:  In Rel-16, NR-U cell is always an FR1 cell, so all requirements for NR-U cells should only be defined for FR1.
Observation 2: In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of LBT procedure. Therefore, the RRM measurement and reporting, and RLM may be impacted by the reduced transmission opportunities of reference signals due to LBT failure.
Observation 3: The measurement framework of NR-U will be based on NR Rel-15, including RSRP, RSRQ and SINR.
Observation 4: Discussions about the DRS transmission window and SMTC configuration are still ongoing in RAN 1 and RAN 2.
Observation 5: The functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting should be supported.
Observation 6: The discussion of whether configuration and reporting of LTE-LAA RSSI and channel occupancy reporting is still ongoing in RAN2, as well as if new measurements are needed.
Observation 7: Missing L1 samples will impact measurement procedures and accuracy.
Observation 8: In NR, RLM requirements were defined considering the periodicity of RLM-RS.
Observation 9: Enhancements on the RLM-RS, as well as which set of measurements can be used for in-sync and out-of-sync evaluations, are still under discussion in RAN1 and 2.
1. RAN 4 needs to consider that SMTC and RLM measurements window may or may not coincide with the DRS transmission window. 
1. RAN4 to specify requirements for RSRP, RSRQ, RSSI and channel occupancy measurements after RAN1 and 2 relevant agreements. 
1. RAN4 to study the impact of missing L1 samples due to LBT failure and how to handle it in the definition of measurements procedures and accuracy.
RAN4 to discuss how to count and how to consider both the detected RLM-RS transmissions, for in-sync evaluations, and the missing RLM-RS samples for out-of-sync evaluations within the DRS transmission window and wait for RAN1 and 2 decisions about RLM-RS signals transmitted outside of the DRS transmission window.
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