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1 Introduction

RAN4 agreed to conduct link-level simulation studies for at least the following:

· RLM (in-sync and out-of-sync)

· Cell detection

· Beam identification

· Measurements for mobility and beam management from the core requirements point of view (e.g., number of samples, measurement period, measurement accuracy etc.)

· Basic SI reading (PBCH acquisition)

· Any additional link study if needed for SA specifically
Furthermore, the following was agreed regarding RLM in RAN4 NR AH #2 [1]:

· RAN4 to study RLM for a single beam/no beam and for multiple beams, based on:
· SS blocks
· CSI-RS
· FFS (pending RAN1 decision): SS blocks and CSI-RS
· General assumptions (Just for information):
· Carrier frequency
· <6 GHz range: 4 GHz
· >6 GHz range: 30 GHz
· Numerology
· <6 GHz range: 15 kHz and 30 kHz
· >6 GHz range: 120 kHz and 240 kHz
· Control channel subcarrier spacing is the same as for SS blocks used for RLM

· SS block configuration

· Number of SS blocks per SS burst set: 1 and K>1

· <6 GHz range: K=[4]
· >6 GHz range: K=[8]
· SS block periodicity
· 5ms, 10 ms, other additional periodicities are not precluded
· No SS block muting
· CSI-RS configuration has properties:
· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Control channel configuration  (Just for information):
· Number of symbols

· 1, 2, and 3 depending on bandwidth

· Control channel BW configuration

· minimum control channel BW ([25 RBs])

· at least one bandwidth larger than the minimum control channel BW

· Control channel frequency location

· Overlapping with the SS block bandwidth

· Non-overlapping with SS block bandwidth

· Performance metrics  (Just for information):
· in-synch threshold is derived based on BLER=2% for hypothetical control channel

· out-of-synch threshold is derived based on BLER=10% for hypothetical control channel
· Other hypothetical BLER is not precluded.
· The evaluation focuses on eMBB scenarios.
· Interested companies are invited to provide input to progress the work on RLM including detailed simulation assumptions.
In this contribution, simulation assumptions for CSI-RS based RLM are proposed. 
2 General Description

RLM is performed by the UE based on CSI-RS.

The evaluations focus on RLM for eMBB scenarios.
3 Simulation Assumptions

Table 1: General parameters

	Simulation parameters
	Comments/values

	Carrier frequency
	4 GHz
	30 GHz

	DRX
	No
	No

	UE receive antennas
	2  rx and 4 rx (uncorrelated with equal gain, no rx beamforming)

2  rx and 4 rx (with rx beamforming)
	2  rx and 4 rx (uncorrelated with equal gain, no rx beamforming)

2  rx and 4 rx (with rx beamforming)


Table 2: Cell-specific parameters
	Parameter
	Unit
	Cell 1

	E-UTRA RF Channel number
	-
	Channel 1

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0

	RB Utilization (in non-SS block subframes)
	%
	100; 50

	Data Modulation
	-
	QPSK

	Slot length
	-
	14 symbols

	CP Length
	-
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0

	DL control channel configuration
	-
	See Table 3

	SINR range
	dB
	[-8:0]

	Propagation conditions
	-
	AWGN, EPA5, ETU30, ETU70, 
TDL-A/B/C (delay spread: 30 ns and 300 ns; UE speed: 3 km/h and 70 km/h) Note

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned


Table 3: DL control channel parameters

	Parameter
	4 GHz
	30 GHz

	Control channel subcarrier spacing (same as data but may be different from CSI-RS SCS)
	15 kHz, 30 kHz, 60 kHz
	60 kHz; 120 kHz

	Control channel BW (number of RBs depends on SCS)
	10 MHz; 20 MHz
	100 MHz; 200 MHz

	Aggregation level
	8
	8

	Number of symbols
	10 MHz and 20 MHz, 15 kHz: 2 symbols

10 MHz, 30 kHz and 60 kHz: 3 symbols

20 MHz, 30 kHz and 60 kHz: 2 symbols
	100 MHz and 200 MHz, 60 kHz: 1 symbol

100 MHz, 120 kHz: 2 symbols

200 MHz, 120 kHz: 1 symbol

	Frequency resources
	· Contiguous (control channel BW is centered at SS block center)

· Non-contiguous (2 blocks)
	· Contiguous (control channel BW is centered at SS block center)

· Non-contiguous (2 blocks)

	Ratio of control channel energy to SSS RE energy
	0 dB
	0 dB


Table 5: CSI-RS configuration parameters

	Parameter
	4 GHz
	30 GHz

	Bandwidth
	Same as control channel
	Same as control channel

	CSI-RS SCS
	15 kHz, 30 kHz, 60 kHz
	60 kHz; 120 kHz

	Periodicity
	10 ms; 160 ms
	10 ms; 160 ms

	CSI-RS configuration:
<X,D,N,(Y,Z),CDM>, where:
X=number of CSI-RS ports,

D=density [RE/RB/port],

N=number of OFDM symbols in the same slot,

Y=adjacent in frequency REs in PRB,

Z=adjacent in time REs in PRB
	<2,1,1,(2,1),FD-CDM2>
	<2,1,1,(2,1),FD-CDM2>


The following SCS combinations of CSI-RS and control channel are to be studied:

· 4 GHz:

· CSI-RS: 15 kHz, CCH: 15 kHz;

· CSI-RS: 15 kHz, CCH: 30 kHz;

· CSI-RS: 15 kHz, CCH: 60 kHz;

· CSI-RS: 30 kHz, CCH: 30 kHz;

· CSI-RS: 30 kHz, CCH: 60 kHz;

· CSI-RS: 60 kHz, CCH: 60 kHz;

· 30 GHz:

· CSI-RS: 60 kHz, CCH: 60 kHz;

· CSI-RS: 60 kHz, CCH: 120 kHz;

· CSI-RS: 120 kHz, CCH: 60 kHz;

· CSI-RS: 120 kHz, CCH: 120 kHz

4 Performance Metrics
The proposed simulation assumptions for control channel parameters are used to derive the RLM in-synch/out-of-synch threshold. The in-synch threshold is derived based on BLER=2% for hypothetical control channel; the out-of-synch threshold is derived based on BLER=10% for hypothetical control channel.
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