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1 Introduction
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018 [1]. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4. According to the WID, RAN4 work includes development of both RF and RRM requirements. In this contribution, we discuss and identify the high-level RRM requirements for NR-U standalone deployment, also known as scenario C.
2 Discussions
At previous meeting a way forward comprising the RF workplan and responsibility for the big CRs for the different specifications were agreed [3].
The NR-U standalone deployment supports both non-CA operation but also CA operation, i.e. both PCell and SCells are in the unlicensed spectrum. NR-U operation can take place in 5 GHz and 6 GHz frequency range, and the exact spectrum arrangement is not settled yet and being discussed in RAN4 RF group. 
Release 15 NR RRM specification [4] includes requirements developed specifically for FR1 and FR2. The NR-U standalone operation in the new frequency range is highly likely have an impact on these requirements. In Table 1, we go through the requirements and identify the potential impact and expected RRM work for each of them. 
2.1 Scope
For the standalone CA operation, there can be different combinations of PCell, SCell(S), downlink and uplink. Firstly, due to vast amount of work this WI requires, our view is to prioritize the scenario C with downlink on any of the PCell and SCell(s) but uplink limited single carrier PCell only, as shown in Figure 1. 
· Proposal: NR-U standalone scenario with DL on multiple carriers (PCell, SCells) but UL single carrier (PCell) is prioritized. 
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Figure 1: NR-U scenario C with multiple DL carriers and single UL carriers
Secondly, it is anticipated that the component carriers used for CA operation in scenario C are adjacent carriers which will ease the reception in the UE. The decision is however under the responsibility of RAN4 RF group. Another open issue is whether both intra-band and inter-band CA are to be supported for scenario C. It is suggested that RAN4 revisits these aspects after progress in RF group. 
2.2 Requirements Lists
Table 1 Requirements list for NR-U standalone operation
	Requirements list
	Comments
	RRM impact

	4. RRC_IDLE state mobility
	New subsection with IDLE state requirements needed, the exact requirements (e.g. delays, scaling factors, samples, etc.) may however be different compared to the legacy ones due to LBT. 
	Yes

	5. RRC_INACTIVE state mobility
	New subsection with INACTIVE state requirements needed. They will be similar to those in RRC_IDLE. 
	Yes

	6. RRC_CONNECTED state mobility: Handover
	Handover requirements need to be defined for scenario C. The handover delay is specified using Dhandover, and comprises RRC procedure delay and interruption time. The RRC procedure delay may remain the same, the interruption time will be affected due to e.g. Tsearch , Trs. 

RAN4 also needs to discuss the type of handovers to support, e.g. handovers from one cell in unlicensed band to another cell in unlicensed band or to a NR cell in licensed band or a LTE cell in licensed band etc.     
	Yes

	6. RRC_CONNECTED state mobility: RRC re-establishment
	The UE operating in scenario C will need to trigger RRC re-establishment after e.g. handover failure, RLF declaration. The total delay will depend on time to identify the target NR-U cell, which in turn depends on the possibility to transmit and receive SSBs which are all subject to LBT outcome. 
Moreover, UE also needs to acquire the relevant system information of the target cell, and this delay may affect the total RRC re-establishment delay. Other factor that can affect the total RRC re-establishment delays is Nfreq. The delay obviously increases with the number frequencies supported. Whether there is any impact on the TPRACH is depends on the PRACH design for NR-U and should be revisited after further RAN1 progress.    
	Yes

	6. RRC_CONNECTED state mobility: Random access
	Random access requirements also need to be defined for NR-U scenario C. The current random access procedure is based on UE selected SSB with SS-RSRP measurement. RAN4 may need to define similar requirements based on how SSBs are transmitted in the unlicensed operation using the timing window accounting for LBT. In addition, the current procedure requires the UE to transmit ACK/NACK feedback indicating the outcome of contention resolution, whether this is possible or supported for NR-U depends on RAN1 design. 
	Yes

	6. RRC_CONNECTED state mobility: RRC Connection release with Redirection
	RAN4 to define the requirements depending on RAN2 support
	Depends on RAN2 outcome

	7. Timing
	UE timing requirements need to be defined for scenario C, this includes UE transmit timing, UE timer accuracy and timing advance requirements. 
In addition, RAN4 may have to define maximum receive timing difference between the PCell and SCell if intra-band non-contiguous is supported or inter-band CA is supported.  
If there is only one UL (PCell) then no maximum transmit timing difference (MTTD) requirements are needed.  
	Yes

	8. Signaling characteristics: Radio Link Monitoring
	Radio link monitoring needs to be defined for the NR-U standalone operation, which can be based on SSB, CSI-RS or both pending RAN1 design. 
	Yes

	8. Signaling characteristics: Interruptions
	Typically interruptions in CA operation take place during SCell addition/release and activation/deactivation. In addition, SCell deactivation may also cause interruptions to ongoing measurements on the PCell. The number SCells that can be configured for scenario C may be different e.g. due to different aggregation capability compared to Rel-15 NR SA. 
For NR-U operation, multiple BWPs can be configured and RAN1 is actively discussing whether transmissions can take place on parts or whole of BWPs. Since multiple BWPs can be configured, the UE may need to switch between them which causes interruptions. This needs to be defined. All these interruptions described here, the requirements may be identical to the existing requirements. RAN4 still needs to discuss and clarify the applicability in the specification. 
	Yes

	8. Signaling characteristics: SCell Activation and Deactivation Delay
	RAN4 needs to define SCell activation and deactivation delays similar to those specified in section 8.3.2 and 8.3.3 in [4]. 
	Yes

	8. Signaling characteristics: UE UL carrier RRC reconfiguration Delay
	This section contains requirements for a UE being configured or deconfigured with a NR UL carrier. As described in section 2.1, the scope of standalone deployment should be UL on a single carrier (PCell) and therefore no impact is foreseen on this procedure. 
	No

	8. Signaling characteristics: Link Recovery Procedure
	RAN4 needs to define link recovery procedure which involves beam failure detection and candidate beam selection similar to those specified in section 8.5 in [4]. 
	Yes

	8. Signaling characteristics: Active BWP switch delay
	According to RAN1 agreements, the UE can be configured with multiple BWPs, but only one can be active. This means the UE may still need to switch between the configured BWPs, and corresponding requirements should be specified in RAN4. 
	Yes

	9. Measurement Procedure
	This section contains the general measurement requirements such as measurement capabilities, intra-frequency, inter-frequency and inter-RAT measurements. RAN4 needs to discuss the type of measurements to support for the standalone operation and specify the corresponding measurement requirements. 

For measurement capability part, RAN4 needs to discuss number carriers, number of cells to monitor and type of measurements to perform. 
	Yes


3 Summary
In this contribution we have discussed RRM requirements for NR-U standalone deployment, also known as scenario C. We identified the type of RRM requirements RAN4 needs to develop and summarized the outcome in Table 1. 
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