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Introduction
In the NR-U work item description, the following objectives are listed [1]:
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· Radio Resource Management performance requirements, including RRM/RLM test cases
· Base station conformance testing



In this paper, we discuss mainly two topics:
1. LBT models for RRM test cases
2. RSSI & Channel occupancy measurements.
[bookmark: _Hlk52871153][bookmark: _Ref31793955]LBT Model for RRM tests
In document [2], the outline specification structures for TS 38.133 and TS 36.133 were agreed. In general, the core requirements were modified to account for LBT failure during the procedures. 
Core requirements were modified to take into account DL or UL LBT failure during procedures.
Additionally, new core requirements were created, such as: UL BWP switch due to consistent UL CCA failure 
In our view, in order to correctly test the core requirements defined during the NR-U Rel-16 WI, RAN4 needs to define both a downlink LBT model and a methodology to test UL LBT in relevant test cases.
[bookmark: _Hlk52871402]Downlink LBT model
Regarding downlink LBT model for RRM tests, in LTE-LAA, a simple LBT model was adopted in the test cases (Annex A.3.17 in [5]). In this model, the test equipment would determine whether to transmit a discovery reference signal within a DMTC based on a probability P= 0.75. If the test equipment determines that it shall transmit a DRS, then the timing of the DRS transmission within the DMTC window is randomly selected from the set of possible DRS transmission signal timings, such that there is an equal probability of any valid DRS timing.
In LTE-LAA a simple LBT model was defined for the RRM test cases, in which the transmission equipment would determine whether to transmit a discovery reference signal within a DMTC based on a probability P=0.75.
In NR-U, the concept of DRS transmission window is extended with the concept of candidate SSB positions. It was agreed that the core requirements are defined under the assumption that the UE monitors the first 2 successive QCL’ed positions. Additionally, in [3] it was agreed that there would be no differentiation between load based equipment (LBE) and frame based equipment (FBE) in the core requirements, but the different aspects of each access method would be captured in the test cases.
	RAN4 96 e
Agreements
•	No differentiation between UE in FBE and LBE modes in NR-U RRM Core requirements.
•	Different test case will be defined for UE in FBE and LBE modes in NR-U RRM Performance requirements.



In NR-U, besides the definition of the LBT success within a DRS transmission window, the candidate position in which a given SSB is transmitted also needs to be taken into account in the LBT model. Differentiation between LBE and FBE should be ensured in the test cases.
RAN4 to differentiate LBE and FBE DL LBT models.
[bookmark: _Hlk54276788]For LBE test cases: RAN4 to adopt the following DL LBT model: 1) Define a probability of P=0.75 for the transmission of the DRS in the first candidate position. 2) In case of LBT failure for transmission in the first candidate position, define a probability of P = 0.75 for the transmission in the second candidate position for a given SSB index. 
For FBE test cases: RAN4 to define a DL LBT model that considers a probability of P = 0.75 for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests. 
Uplink LBT model
A number of NR-U requirements consider the delay caused by UL LBT failures, as summarized in the table below: 
Table 1 – Requirements in 38.133 which are impacted by UL LBT failure
	Clause with UL LBT failure impact
	Comments

	6.1B NR Handover
	UL LBT failure is considered in the time uncertainty for acquiring the first available PRACH occasion

	6.2.1A RRC re-establishment with CCA delay requirement
	The number of consecutive SSB to PRACH occasions not available due to UL LBT failure is considered in the delay uncertainty

	6.2.3.2.3 RRC connection release with redirection to NR carrier subject to CCA
	The number of consecutive SSB to PRACH occasions not available due to UL LBT failure is considered in the delay uncertainty

	8.3A.2 SCell Activation and Deactivation in carriers with CCA
	UL LBT failures are considered in THARQ.

	8.6.4 BWP switch delay on consistent UL LBT recovery
	The consistent UL LBT detection / recovery mechanism will trigger the active BWP switch.

	8.10A Active TCI state switching delay with CCA
	UL LBT failures are considered in THARQ.

	9.2A NR Intra-frequency measurements with CCA
	UL LBT failures are considered in the reporting delay

	9.3A NR Inter-frequency measurements with CCA
	UL LBT failures are considered in the reporting delay



There are several requirements that depend on the UL LBT failure.
On the contrary of DL LBT, UL LBT failures cannot be modelled by defining an LBT model at the UE. It is our view that the only way to emulate the UL LBT failure behaviour is for the test equipment to create a sufficiently high interference precisely at the moment the UE is allocated for transmissions. The objective is not to test whether the UE is capable of doing the UL LBT, but rather to test the requirements under the LBT failure.
The only way to test UL LBT failure at the UE, is by the test equipment injecting a sufficiently high interference precisely at the time the UE should transmit.
RAN4 to discuss a methodology to test UL LBT failures in RRM tests.
RSSI and Channel Occupancy measurements
RSSI measurement bandwidth
One topic that was not finalized during the NR-U Core requirements discussion is the RSSI measurement bandwidth. In RAN4 96e, two options were discussed:
· Option 1: RSSI measurement bandwidth is the LBT bandwidth
· Option 2: The discussion can take place in the performance work.
In our view, there are different arguments for setting the RSSI measurement bandwidth as the LBT bandwidth. First, this is what RAN1 defined in TS 38.215 (copied below). Second, RAN4 has agreed in RAN4 94e bis that “UE shall not normalize RSSI measurements for reporting purpose”.
[bookmark: _Toc51776297][bookmark: _Toc44881127][bookmark: _Toc35596391][bookmark: _Toc29901510][bookmark: _Toc29901463][bookmark: _Toc29045122]5.1.21	Received Signal Strength Indicator (RSSI)

	Definition
	Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only per configured OFDM symbol and in the measurement bandwidth corresponding to the channel bandwidth defined in Clause 4 of TS 37.213 [17], where the channel has the center frequency configured by ARFCN-valueNR, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

Higher layers configure the ARFCN-valueNR, the reference numerology and the measurement duration, i.e., which OFDM symbol(s) should be measured by the UE.

For frequency range 1, the reference point for the RSSI shall be the antenna connector of the UE. If receiver diversity is in use by the UE, the reported RSSI value shall not be lower than the corresponding RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



RAN1 defined the RSSI measurement bandwidth as the channel bandwidth defined in 37.213. In 37.213, clause 4, the definition of a channel is: “A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.”. Therefore, in RAN1 specification, the channel bandwidth is the LBT bandwidth.
RAN4 has agreed that the UE shall not normalize the RSSI measurement for reporting purpose.
The only way to have consistent information about the RSSI measurement both at the gNB and at the UE is to define that the RSSI measurement bandwidth is the one already specified by RAN1.
The RSSI measurement bandwidth is the LBT bandwidth.
RSSI measurement accuracy
Another topic relevant for the performance discussion is the RSSI measurement accuracy. It was agreed in RAN4 #94bis e, that:
	Agreement: 
RSSI measurement report mapping in NR-U is defined as:

	Reported value
	Measured quantity value
	Unit

	RSSI_00
	RSSI < ‑100 
	dBm

	RSSI_01
	-100  RSSI < ‑99
	dBm

	RSSI_02
	-99  RSSI < ‑98
	dBm

	…
	…
	…

	RSSI_74
	-27  RSSI < -26
	dBm

	RSSI_75
	-26  RSSI < -25
	dBm

	RSSI_76
	-25  RSSI
	dBm






The agreed RSSI measurement report mapping in NR-U uses the same table as the one defined for LTE-LAA. 
Considering that the RSSI report mapping in NR-U is the same as in LTE-LAA and other similarities in the definition of the RSSI measurements in both cases, we believe that it is sufficient to reuse the same accuracy requirements in NR-U.
Define RSSI measurement accuracy requirements in NR-U to be the same as in LTE-LAA. 

Conclusions
1. Core requirements were modified to take into account DL or UL LBT failure during procedures.
Additionally, new core requirements were created, such as: UL BWP switch due to consistent UL CCA failure 
In LTE-LAA a simple LBT model was defined for the RRM test cases, in which the transmission equipment would determine whether to transmit a discovery reference signal within a DMTC based on a probability P=0.75.
In NR-U, besides the definition of the LBT success within a DRS transmission window, the candidate position in which a given SSB is transmitted also needs to be taken into account in the LBT model. Differentiation between LBE and FBE should be ensured in the test cases.
1. RAN4 to differentiate LBE and FBE DL LBT models. 
For LBE test cases: RAN4 to adopt the following DL LBT model: 1) Define a probability of P=0.75 for the transmission of the DRS in the first candidate position. 2) In case of LBT failure for transmission in the first candidate position, define a probability of P = 0.75 for the transmission in the second candidate position for a given SSB index. 
For FBE test cases: RAN4 to define a DL LBT model that considers a probability of P = 0.75 for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests. 
There are several requirements that depend on the UL LBT failure.
The only way to test UL LBT failure at the UE, is by the test equipment injecting a sufficiently high interference precisely at the time the UE should transmit.
RAN4 to discuss a methodology to test UL LBT failures in RRM tests.
RAN1 defined the RSSI measurement bandwidth as the channel bandwidth defined in 37.213. In 37.213, clause 4, the definition of a channel is: “A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.”. Therefore, in RAN1 specification, the channel bandwidth is the LBT bandwidth.
RAN4 has agreed that the UE shall not normalize the RSSI measurement for reporting purpose.
The only way to have consistent information about the RSSI measurement both at the gNB and at the UE is to define that the RSSI measurement bandwidth is the one already specified by RAN1.
The RSSI measurement bandwidth is the LBT bandwidth.
The agreed RSSI measurement report mapping in NR-U uses the same table as the one defined for LTE-LAA. 
Define RSSI measurement accuracy requirements in NR-U to be the same as in LTE-LAA. 
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