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1. Introduction

In the last Dec plenary meeting, NR-U was approved as a WI and the newest version of NR-U WID can be found in RP-190706 [1]. We can see that in the WID, objectives aim at specification of NR enhancements for a single global solution framework for access to unlicensed spectrum, including RAN4 part copied as below
	-
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 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.


In the last meeting, a WF was approved in R4-1904825 identifying thoroughly the RRM impact from scenario A, B and C. For scenario B, which is the scenario for LTE PCell and NR-U PSCell dual connectivity, specification work needs to be done in both TS 38.133 and 36.133. Due to EN-DC operation, we see a few special issues for scenario B compared to other scenarios for NR-U. Thus in this paper we provide analysis on NR-U scenario B, including EN-DC in unlicensed spectrum, RRM impact for scenario B and spec structure in TS 36.133.
2. Discussion
2.1. Background of NR-U scenario B
For the background of NR-U, we can either refer to TR 38.889 [2] for the report of the study item or RP-190706 for the justification and objective descriptions of the work item. The most high-level motivation of the work item can be described as copied below from the WID,

	This work item will specify NR enhancements for a single global solution framework for access to unlicensed spectrum which enables operation of NR in the 5GHz and the 6GHz (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof) unlicensed bands taking into account regional regulatory requirements. The core technology should be band agnostic as much as possible. To allow for an efficient design, the enhancements should reuse the features of NR as much as possible. Duplication of work done in other NR work items should be avoided.
In the 5 GHz band, the NR-U design should enable fair coexistence between already deployed Wi-Fi generations and NR-U, between NR-U and LTE-LAA, and between different NR-U systems. NR-U should not impact already deployed Wi-Fi generations more than an additional Wi-Fi network of the same generation on the same carrier. This should be ensured by following the recommendations on channel access in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1).

In the 6 GHz band, the channel access mechanism for NR-U will use, at least, energy detection as part of the coexistence mechanism for enabling coexistence amongst RATs including at least NR-U, [LTE-LAA], and Wi-Fi. Extensions are to be discussed in line with the framework on channel access as captured in the TR 38.889, Section 7.2.1.2 (i.e., WiFi 11a/11ax preamble, existing NR signal with potential enhancements, existing NR channel with potential enhancements) and, if agreed, the corresponding 3GPP specification impact, if any, should be addressed. 




Also from the system point of view, the work item is aimed at supporting 5 scenarios:
· 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.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.

To note that the difference between NR-U and LAA from the deployment perspective is that the NR-U supports stand-alone deployment while LAA does not.

This paper mainly focuses on scenario B, which is the dual connectivity case between licensed band LTE PCell and NR-U PSCell. It is captured in R4-1904825 [3] that the RRM impact from scenario B as listed below,

	Requirements
	Comments
	NR-U PSCell (Scenario B)

	
	
	

	RRC Connection Mobility Control
	RRC re-establishment
	N/A

	
	RA
	Yes

	
	RRC release with redirection
	N/A

	PSCell addition/release delays
	
	Yes

	Interruptions due to NR-U PSCell addition/release
	Interruptions on serving cells due to addition or release of NR-U PSCell
	Yes

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

	RLM
	Requirements for RLM, e.g., based on SSB, CSI-RS or both (details depend on agreements in other groups)
	For PSCell

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

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

· PSCell: L1 RSRP for reporting

· PSCC: RSSI and channel occupancy

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

· RSSI and channel occupancy

	
	Inter-RAT
	· NR-U as inter-RAT in TS 36.133 (before DC)

	UE measurements capability and reporting criteria
	
	Yes

	UE timing related requirements
	UE maximum receive timing difference
	Yes

	
	UE transmit timing
	Yes

	
	UE maximum transmit timing difference
	Yes

	
	TA
	Yes


To note that this table does not consider the NR-U SCells requirements. It is covered by Scenario A requirements in R4-1904825.
2.2. RRM impact from scenario B
Random access
It is in the RAN1 scope to specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure; LBT for 2-step RACH and application of PRACH and PUSCH format improvement for NR-U to do 2-step RACH. Thus we should also specify the RRM requirements accordingly for either case provided that the RAN1 confirms and introduces the corresponding schemes for either case. In TS 36.133, we should FFS if a new subsection in 6.2 should be introduced to accommodate such requirements.

RLM
In unlicensed spectrum, LBT is applied before RLM RS transmission. From the UE perspective, the UE may mistakenly take the dropped occasion to estimate the radio link quality if it is not aware of the LBT failure. Thus the OOS performance can be affected without any further scheme introduced for NR-U. In addition, for IS RLF timer may not stop correctly due to lack of consecutive IS indications. Thus in RAN1 and RAN2, corresponding mechanism to guarantee fair RLM performance is being discussed. Accordingly, RAN4 should introduce RRM requirements for the schemes to fit in the baseline of RLM requirements of NR to form proper specification for NR-U. However for the time being we don’t see any impact on TS 36.133 from Scenario B RLM enhancement.
Measurements

For RRM measurements, RAN2 is busy discussing whether to handle the LBT failure at PHY layer as part of L1 filtering or at upper layers as part of the L3 filtering. From RAN4 perspective, as long as it is defined clearly in the spec that the LBT failure is considered by L1/L3 filtering, measurement requirements for RRM should be fine to just capture the method and they can be verified correctly by test cases. Another thing is that we should make sure that the UE measurement is based on the SMTC with the baseline of NR R15 specification. Any other measurement outside SMTC for neighbor cell is not fair especially when measurement gaps are needed. For Scenario B, NR-U CC can be configured from LTE PCell as inter-RAT NR measurement with RSRP, RSRQ, SINR and/or RSSI metrics. In addition, channel occupancy measurement requirements should also be defined in TS 36.133 together with the requirements mentioned above.
Interruptions
The interruption requirements with scenario B includes,

· Interruptions on LTE PCell due to operations on NR-U PSCell, such as

· BWP switch

· PSCell addition/release

· Transitions between active/non-active in DRX and non-DRX/DRX

· SCell addition/release, activation/deactivation and measurement

· Interruptions on NR-U PSCell due to LTE PCell operations

· Transitions between active/non-active in DRX and non-DRX/DRX

· SCell addition/release, activation/deactivation and measurement on deactivated SCell

In the above bullets, the interruption requirements on LTE PCell should be introduced in TS 36.133 with an new subsection introduced in section 7.

Other requirements

In addition to the mentioned ones, there are other requirements to be introduced for scenario B including for TS 36.133 as listed below.

	Requirements for Scenario B
	Comments
	Section in TS 36.133

	
	
	

	Beam management
	L1-RSRP measurement and reporting
	TS 38.133

	
	BFD
	TS 38.133

	
	CBD
	TS 38.133

	PSCell addition/release
	Before EN-DC with NR-U PSCell
	TS 36.133 new subsection in section 7; TS 38.133

	BWP switch delay
	RRC/DCI/timer
	TS 38.133

	Timing
	UL timing
	TS 38.133

	
	TA
	TS 38.133

	
	MTTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	
	MRTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	Measurement capability
	Number of cells/SSBs
	Both 36.133 and 38.133

	
	Event triggering and reporting criteria
	Both 36.133 and 38.133


2.3. NR-U spec structure in TS 36.133
With the above analysis, we come up with a whole picture of the spec structure in TS 36.133 for NR-U, which is only related to NR-U scenario B. We propose that the table showing the new sections below can be a baseline to introduce NR-U scenario B RRM requirements in TS 36.133.
	Requirements for Scenario B
	Comments
	Section in TS 36.133

	
	
	

	Interruptions on LTE PCell
	PSCell addition/release
	New clause 7.37.2.1

	
	DRX transitions
	New clause 7.37.2.2/7.37.2.3

	
	SCell operations
	New clause 7.37.2.4/5/6

	
	Due to BWP switch
	New clause 7.37.2.7

	PSCell addition/release
	Before EN-DC with NR-U PSCell
	New clause 7.38

	Inter-RAT NR-U measurement under EN-DC
	SSB based DRS measurements
	New clause 8.20.2

	
	RSSI measurements
	New clause 8.20.3

	
	Channel occupancy measurements
	New clause 8.20.4

	Inter-RAT NR-U detection and measurement before EN-DC
	
	New clause 8.17.15

	Timing
	MTTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	
	MRTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	Random acces
	Subject to RAN1/2 design
	FFS

	Measurement capability
	Number of cells/SSBs
	FFS

	
	Event triggering and reporting criteria
	FFS


A corresponding CR is also submitted in R4-1905579 [4] to implement the above table.
3. Conclusion
In this paper we provide analysis on NR-U scenario B, including EN-DC in unlicensed spectrum, RRM impact for scenario B and spec structure in TS 36.133. We propose that the table showing the new sections below can be a baseline to introduce NR-U scenario B RRM requirements in TS 36.133.
	Requirements for Scenario B
	Comments
	Section in TS 36.133

	
	
	

	Interruptions on LTE PCell
	PSCell addition/release
	New clause 7.37.2.1

	
	DRX transitions
	New clause 7.37.2.2/7.37.2.3

	
	SCell operations
	New clause 7.37.2.4/5/6

	
	Due to BWP switch
	New clause 7.37.2.7

	PSCell addition/release
	Before EN-DC with NR-U PSCell
	New clause 7.38

	Inter-RAT NR-U measurement
	SSB based DRS measurements
	New clause 8.20.2

	
	RSSI measurements
	New clause 8.20.3

	
	Channel occupancy measurements
	New clause 8.20.4

	
	MTTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	
	MRTD for interband EN-DC
	FFS whether to introduce in TS 36.133 or 38.133

	Random acces
	Subject to RAN1/2 design
	FFS

	Measurement capability
	Number of cells/SSBs
	FFS

	
	Event triggering and reporting criteria
	FFS
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