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1 Introduction

In this contribution, we discuss potential RRM requirements impacts for Scenario A studied during the SI on NR-based access to unlicensed spectrum [1,2], i.e., CA between licensed band NR PCell and NR-U SCells where NR-U SCell may have both DL and UL, or DL-only.
During the WI [3], RAN4 has to work on the following objective:
· Core specifications for UE, gNB and RRM requirements [RAN4]: 

· Specify new unlicensed band(s) for the 5 GHz and 6 GHz frequency ranges (see Note 1). The band(s) definition should include DL only and UL/DL operation.

· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 2). 

· Investigate the feasibility of increasing the number of usable PRBs for different numerologies and channel bandwidths in unlicensed bands, and if found feasible, specify such support.

· Specify RRM/RLM core requirements.

Note 1: The actual frequency range for specification can be further discussed based on regulatory updates in the US and Europe.

Note 2: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
2 Discussion
Scenario A (CA between licensed band NR PCell and NR-U SCells) is similar to Rel-13 LTE LAA from the unlicensed DL point of view and similar to Rel-14 LTE eLAA from the unlicensed DL & UL point of view. Only requirements for RRC_CONNECTED state are therefore relevant. Next, we further discuss specific requirements relevance in more detail.
2.1 Measurements and link recovery
To support Scenario A, measurements and accuracy requirements which are likely necessary for NR-U band need to cover at least for the following measurements:
· CA intra-frequency measurements

· SCell and intra-frequency neighbor cell measurements on SCC: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR)

· SCell: L1 RSRP for reporting

· SCC: RSSI and channel occupancy
· Inter-frequency measurements

· Inter-frequency neighbor cell measurements: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR)

· Inter-frequency carrier: RSSI and channel occupancy
In Rel-15, only requirements for SSB-based measurements are defined; however, in Rel-16 also requirements for L3 CSI-RS based measurements are to be defined, so for Rel-16 NR-U requirements for both SSB-based measurements and CSI-RS based measurements may need to be defined. However, support and performance for CSI-RS based measurements and procedures with NR-U is still subject to further decisions in other groups, so SSB-based measurements and procedures may need to be prioritized, at least initially.
In addition to RSRP, RSRQ, and SINR measurements, NR also supports L1 RSRP measurements for reporting on serving cells, including SCells, which would also be applicable for NR-U SCell, and also SSB-based and CSI-RS based beam failure detection and candidate beam detection.
There will also be NR-U specific measurements. For example, in RAN1#96 it has been agreed that at least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported. For these measurements RAN4 will also need to develop corresponding measurements and accuracy requirements.
2.2 NR-U SCell (re)configuration
Like in Rel-15, an NR-U SCell can be added or released, activated or deactivated, hence RAN4 will have to develop the corresponding requirements also for these SCell (re)configuration procedures, e.g.:

· SCell activation and deactivation delays, 
· Interruptions on NR PCell and other SCells due to any of the addition, release, activation, or deactivation procedures for an NR-U SCell,

· Interruptions due to measurements on SCC with deactivated SCell.
2.3 BWP switching

RAN1 agreed that multiple BWPs can be configured with a single BWP activated, in order to support for wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz. It was also agreed that operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI. Hence the BWP switching related requirements are also needed for NR-U, e.g., interruption at BWP reconfiguration and BWP switching delay requirements. However, a discussion is needed whether the requirements would be the same or different from Rel-15 NR.
2.4 Impact of frequency range and SCS on RRM

The new unlicensed bands are in 5 GHz and 6 GHz frequency ranges, which are beyond the Rel-15 NR FR1 and FR2 ranges. However, RAN1 agreed to support 15 kHz and 30 kHz SCS for SSBs in 5 GHz and 6 GHz bands, which is similar to FR1. Therefore, existing FR1 requirements are likely to be a starting point for RRM requirements for NR-U bands, although RAN4 may need to investigate whether the higher frequency ranges have any impact on RRM compared to FR1. 
2.5 Impact with NR-U UL

To support NR-U UL, at least UE transmit timing and maximum transmit timing difference requirements are needed.
3 Summary

The above observations are summarized in Table 1 for RRC_CONNECTED. Note that, e.g., requirements for RRC_IDLE mode, handover, and RLM are not applicable for Scenario 1 since they do not involve or impact NR-U SCell.
Table 1: Preliminary requirements scope for NR-U Scenario A for UE in RRC_CONNECTED
	Requirements
	Comments
	NR-U SCell (e.g. Scenario A)

	
	
	DL
	DL+UL

	RA 
	
	Needs discussion, depending on other group decisions

	SCell activation/deactivation delays
	
	Yes

	Interruptions related to NR-U SCells addition, release, activation, deactivation
	· Interruptions on serving cells due to any of the addition, release, activation, or deactivation procedures for an NR-U SCell,

· Interruptions on serving cells due to measurements on SCC with deactivated NR-U SCell.
	Interruptions on other serving cells

	Interruptions due to operation in non-NR-U serving cell
	
	Yes, due to some NR PCell operations

	Active BWP switching
	Interruptions at active BWP switching
	Yes

	
	Active BWP switching delay
	Requirement is needed, TBD whether it is same or different from Rel-15 NR

	Link recovery procedures
	Requirements for SSB-based and CSI-RS based beam failure detection and candidate beam detection
	For PCell and SCells

	Measurements requirements and measurement accuracy requirements
	CA intra-frequency
	· SCell and SCC: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR)

· SCell: L1 RSRP for reporting

· SCC: RSSI and channel occupancy

	
	Inter-frequency
	· SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR)

· RSSI and channel occupancy

	UE measurements capability and reporting criteria
	
	Yes

	UE timing related requirements
	UE maximum receive timing difference
	Yes

	
	UE transmit timing
	N/A
	Yes

	
	UE maximum transmit timing difference
	Yes, if NR-U SCell can be in sTAG

	
	TA
	Depends on agreements in other groups

	NOTE: Requirements for CSI-RS based measurements and procedures are still subject to further decisions in other groups. SSB-based measurements and procedures may need to be prioritized, at least initially.
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