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Introduction
In this contribution we provide an initial overview of the requirements for NR-U scenario B. Scenario B corresponds to Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell), so it can be conceptually thought of as similar to EN-DC with an NR-U PSCell rather than an NR PSCell. In addition, our expectation is that there can be SCells both in the MCG (LTE) and the SCG (NR-U).  We do not expect that there are both NR and NR-U cells in the SGC; in other words, the SCG will correspond to NR-U PSCell/NR-U SCells. As with release 15 EN-DC operation, CA band combinations for LTE are considered somewhat independently from the NR-U band combination.
While band combinations for NR-U are a topic for discussion in RAN4 RF, it can be anticipated that there would be both intraband NR-U carrier aggregation on 5GHz and 6GHz unlicensed bands, and potentially also interband 5GHz+6GHz carrier aggregation for the SGC.
Discussion
Preliminary considerations on the design of NR-U
The physical channel design for NR-U is a topic of active discussion in RAN1, and NR-U procedures need to be decided in RAN2. Nevertheless, based on LAA operation in LTE and the general understanding of LBT functionality, we can assume for SSB/SMTC functionalities:
1. There will be a time window where SSBs are transmitted by serving and neighbor cells. From a measurement point of view this is similar to the concept of an SMTC; however for serving cell (L1)  procedures such as RLM, L1-RSRP measurement, CBD etc. there will also need to be a window during which the resources are provided, since the serving cell may be unable to access the channel at the exact time an SSB would ideally be transmitted, and the starting time of SSBs may be deferred
2. Since the starting time of SSBs of both serving and neighbor cells may be deferred, there needs to be a more dynamic mapping between SSB instances and the TX beams that they refer to. The details are for RAN1 to discuss and decide.
3. Due to LBT failure, the gNB (either serving or neighbor) may be unable to transmit during any given SSB window and hence, the UE needs to detect whether any transmission is present. For example, if a UE is making neighbor measurements and the neighbor does not transmit during a certain expected window (which we will refer to as SMTC, although the terminology may need to vary for NR-U) , the UE should not treat this missed transmission as a very low SS-RSRP when it comes to L1 filtering of measured values.
For procedures, it is also safe to assume that for scenario B, RAN2 will base the procedures on EN-DC operation, in other words
· InterRAT measurement of SFTD with or without gaps may optionally be performed to determine time difference between LTE and NR-U to provide a suitable measurement gap timing (FFS)
· Measurement gaps shall be configured by PCell to allow NR-U carrier(s) to be measured, and suitable candidate PSCells to be configured
· The LTE PCell will take responsibility for PSCell configuration and management. The PSCell management may be assisted by interRAT measurement of the same or different NR-U frequency layers after configuration of a suitable PSCell
· The NR PSCell will take responsibility for SGC SCell management, and may configure intra-frequency or inter-frequency L3 measurements of NR-U carriers
· Layer 1 procedures such as RLM need to be performed on the PSCell
· Layer 1 procedures such as beam management (eg L1 RSRP, CBD, BDF, CSI measurement) need to be performed on the PSCell and NR-U SCells
In addition, the discussion on wideband operation for NR-U is relevant for RRM. According to [1] the following agreements are considered based on BWP for wideband operations.
	Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)

Agreement:
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.




An example wideband carrier is shown in figure 1.
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Figure 1: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, LBT fails in 1 out of 4 defined LBT sub-bands.
There are two options for the network implementation of LBT sub-bands. The first option is to implement each sub-band as a separate CA carrier. Since all carriers in NR-U operation are subject to LBT operation, the wideband carrier operation can be supported by the different CA carriers and their aggregation to make a wider BW. 
The other mode of operation is to configure the wideband carrier as a single carrier from CA perspective. The physical layer design for this option is still a topic of active discussion in RAN1. It is this mode of operation for which RAN1 provides the latest status in [1]. The main part of agreement for this mode of operation is that a single BWP can be activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB. Multiple BWP can be configured but not activated simultaneously.
For RRM purposes, we consider this mode of operation mainly from an SSB point of view. Although not a RAN4 decision, the requirements may be significantly impacted depending on whether SSB are provided in each LBT sub-band or (for example) only in a single LBT subband. In the former case, the UE will be able to perform RLM, beam management, measurements etc when any of the LBT subbands are transmitted by the gNB, whereas for the later case there is a “master” sub-band containing the SSB (such as cell defining SSB) and if this is not transmitted by the gNB the UE will be unable to perform any SSB based operations (including beam management, RLM, measurements etc). Hence it seems more favourable from a performance point of view to include SSB (and suitable configuration signalling to indicate the multiple candidate SSB positions to the UE) in each  LBT sub-band. On the other hand, this may create significant impact to the requirements since the UE has to know how to combine measurements from different cells, noting that the SSB which are transmitted by a neighbour cell may not be in the same sub-band as the serving cell (or other neighbour cells) even though they refer to the same wideband carrier.The purpose of this section is to give an overview of some aspects of NR-U which will be relevant for RRM requirements in general. Clearly, progress is needed in RAN1 and RAN2 before the detailed individual requirements can be discussed. For this reason, we have proposed in the workplan that in May and August 2019 meetings, RAN4 performs a survey on latest agreements in RAN1 and RAN2 which will impact RRM core work.
Observation 1: Detailed RRM requirements for NR-U including scenario B depend on progress in RAN1 and RAN2
Proposal 1 : RAN4 surveys the decisions from RAN1 and RAN2 to develop requirements in a timely fashion.
Requirements Lists
Next, we turn our attention to the individual requirements and discussions needed to support scenario B at high level. Due to the limited timescale for the work it would be desirable to leverage decisions made for EN-DC as much as possible, while accounting for new aspects of NR-U where needed.
Proposal 2: It is proposed to develop requirements for scenario B based on the lists in table 1 and table 2.
	Requirements list
	Comments

	36.133 measurement capabilities
	Number of carriers, number of cells to monitor etc should reuse EN-DC decisions as much as possible

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is not configured 
	

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is configured
	

	36.133 E-UTRAN NR-U SFTD measurements
	

	36.133 NR PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity
	

	36.133 interruptions with NR-U dual connectivity
	Covers cases where MGC (LTE )is the victim of the interruption.

	36.133 gap requirements
	Assume that gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	36.133 reporting criteria
	Same as for EN-DC

	36.133 NR-U accuracy requirements
	Needs to cover SFTD, SS-RSRP, SS-RSRQ, SS-SINR. May be covered in performance phase and refer to 38.133 where relevant


Table 1: NR-U scenario B requirements for 36.133

	Requirements list
	Comments

	NR-U Random access requirements
	Needed for PSCell

	NR-U transmit timing
	

	NR-U timer accuracy
	Reuse existing requirement

	NR-U timing advance
	

	MTTD for scenario B
	

	MRTD for scenario B
	

	RLM
	Needed for PSCell based on SSB and CSI-RS

	Interruptions for NR-U
	Covering cases where NR-U cells are victims of interruption

	SCell activation and deactivation delay
	For activation/deactivation of NR-U scells in the SCG

	Link recovery for NR-U
	Needed for PSCell (CBD, BFD) CSI-RS and SSB based

	BWP switch delay
	May be related to wideband operation discussions

	Gap requirements for NR-U
	Assume that gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	CSSF requirements for NR-U
	Consider CSSF_within_gap and CSSF_outside_gap

	Measurement procedure intrafrequency NR-U
	Specify SSB detection delays and measurement periods for NR-U

	Measurement procedure interfrequency NR-U
	Specify SSB detection delays and measurement periods for NR-U

	L1 RSRP requirements for NR-U
	For CSI-RS and SSB based

	SS-RSRP accuracy
	May be specified in performance phase

	SS-RSRQ accuracy
	May be specified in performance phase

	SS-SINR accuracy
	May be specified in performance phase

	RSSI measurement
	Needed assuming similar approach as for LTE LAA

	Channel occupancy measurement
	Needed assuming similar approach as for LTE LAA


Table 2: NR-U scenario B requirements for 38.133

Conclusion
Observation 1: Detailed RRM requirements for NR-U including scenario B depend on progress in RAN1 and RAN2
Proposal 1 : RAN4 surveys the decisions from RAN1 and RAN2 to develop requirements in a timely fashion.
Proposal 2: It is proposed to develop requirements for scenario B based on the lists in table 1 and table 2.
	Requirements list
	Comments

	36.133 measurement capabilities
	Number of carriers, number of cells to monitor etc should reuse EN-DC decisions as much as possible

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is not configured 
	

	36.133 E-UTRAN-NR-U interRAT measurements when NR-U SCG is configured
	

	36.133 E-UTRAN NR-U SFTD measurements
	

	36.133 NR PSCell Addition and Release Delay for E-UTRA – NR-U Dual Connectivity
	

	36.133 interruptions with NR-U dual connectivity
	Covers cases where MGC (LTE )is the victim of the interruption.

	36.133 gap requirements
	Assume that gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	36.133 reporting criteria
	Same as for EN-DC

	36.133 NR-U accuracy requirements
	Needs to cover SFTD, SS-RSRP, SS-RSRQ, SS-SINR. May be covered in performance phase and refer to 38.133 where relevant


Table 1: NR-U scenario B requirements for 36.133
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	NR-U Random access requirements
	Needed for PSCell

	NR-U transmit timing
	

	NR-U timer accuracy
	Reuse existing requirement

	NR-U timing advance
	

	MTTD for scenario B
	

	MRTD for scenario B
	

	RLM
	Needed for PSCell based on SSB and CSI-RS

	Interruptions for NR-U
	Covering cases where NR-U cells are victims of interruption

	SCell activation and deactivation delay
	For activation/deactivation of NR-U scells in the SCG

	Link recovery for NR-U
	Needed for PSCell (CBD, BFD) CSI-RS and SSB based

	BWP switch delay
	May be related to wideband operation discussions

	Gap requirements for NR-U
	Assume that gap patterns for EN-DC will be applicable for scenario B; applicability needs to be updated

	CSSF requirements for NR-U
	Consider CSSF_within_gap and CSSF_outside_gap

	Measurement procedure intrafrequency NR-U
	Specify SSB detection delays and measurement periods for NR-U

	Measurement procedure interfrequency NR-U
	Specify SSB detection delays and measurement periods for NR-U

	L1 RSRP requirements for NR-U
	For CSI-RS and SSB based

	SS-RSRP accuracy
	May be specified in performance phase

	SS-RSRQ accuracy
	May be specified in performance phase

	SS-SINR accuracy
	May be specified in performance phase

	RSSI measurement
	Needed assuming similar approach as for LTE LAA

	Channel occupancy measurement
	Needed assuming similar approach as for LTE LAA


Table 2: NR-U scenario B requirements for 38.133
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