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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]According to the approved PDCCH simulation assumptions [1] and [2], PDCCH link level simulation results are provided. In this contribution, we further discuss the open issues listed [2], including 
· Ratio of hypothetical PDCCH RE energy to average SSS RE energy
· Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
· L1 indication in DRX mode
2     	Simulation Results
[bookmark: _Ref505695731][bookmark: _Ref506200009]In agreed WF [1] and [2], only precoder granularity in frequency domain is specified. However, diversity gain from PDCCH precoder plays important role on required SNR, especially for 2% PDCCH BLER. For PDCCH performance alignment, how to select PDCCH precoder shall be specified in 38.133.
[bookmark: _Ref510385961]Proposal 1: PDCCH precoder selection shall be specified in hypothetical PDCCH parameter tables.
In our simulation, there is no closed loop on precoder selection and PDCCH precoder is i.i.d. random in slots and REG bundles. The percoder codebook is DFT based as shown below:

	Precoder index
	Precoder

	0
	


	1
	


	2
	


	3
	





Table 1 summarizes the required SINRs to achieve 2% BLER and 10% BLER. The corresponding simulation parameters can be found in Appendix. 


	Required SINR to achieve 2% PDCCH BLER (unit: dB)

	Static Channel

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-4.48
	-4.39
	-4.24
	-2.86
	-2.78
	-2.66

	AL = 8
	-6.82
	-6.68
	-6.54
	-5.24
	-5.19
	-5.12

	AL = 16
	-8.96
	-8.83
	-8.70
	-7.50
	-7.41
	-7.34

	EPA 3Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-0.32
	-0.14
	0.19
	1.92
	1.98
	2.02

	AL = 8
	-3.36
	-3.23
	-3.10
	-1.60
	-1.52
	-1.42

	AL = 16
	-5.80
	-5.72
	-5.60
	-4.22
	-4.18
	-4.09

	EPA 42Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-0.81
	-0.64
	-0.37
	1.42
	1.51
	1.58

	AL = 8
	-3.70
	-3.54
	-3.40
	-1.91
	-1.87
	-1.71

	AL = 16
	-6.10
	-5.95
	-5.83
	-4.51
	-4.44
	-4.32

	ETU 3Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-0.97
	-0.84
	-0.47
	1.2
	1.27
	1.38

	AL = 8
	-4.04
	-3.85
	-3.71
	-2.23
	-2.13
	-2.06

	AL = 16
	-6.68
	-6.64
	-6.48
	-5.15
	-5.08
	-4.99

	ETU 42Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-1.08
	-0.92
	-0.63
	1.19
	1.30
	1.32

	AL = 8
	-4.24
	-4.07
	-3.91
	-2.42
	-2.35
	-2.26

	AL = 16
	-6.76
	-6.64
	-6.50
	-5.18
	-5.11
	-5.03


Table 1: Required SNR for 2% PDCCH BLER 



	Required SINR to achieve 10% PDCCH BLER (unit: dB)

	Static Channel

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-5.24
	-5.12
	-4.96
	-3.43
	-3.36
	-3.28

	AL = 8
	-7.44
	-7.33
	-7.23
	-5.85
	-5.78
	-5.67

	AL = 16
	-9.50
	-9.40
	-9.30
	-8.10
	-8.01
	-7.93

	EPA 3Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-2.73
	-2.60
	-2.35
	-0.65
	-0.55
	-0.45

	AL = 8
	-5.40
	-5.28
	-5.08
	-3.60
	-3.49
	-3.42

	AL = 16
	-7.69
	-7.55
	-7.41
	-6.06
	-5.99
	-5.89

	EPA 42Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-2.96
	-2.79
	-2.52
	-0.81
	-0.75
	-0.63

	AL = 8
	-5.51
	-5.38
	-5.22
	-3.72
	-3.63
	-3.55

	AL = 16
	-7.76
	-7.63
	-7.50
	-6.14
	-6.06
	-5.99

		ETU 3Km/hr	

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-2.79
	-2.62
	-2.40
	-0.64
	-0.57
	-0.45

	AL = 8
	-5.45
	-5.33
	-5.18
	-3.67
	-3.58
	-3.48

	AL = 16
	-7.96
	-7.84
	-7.72
	-6.36
	-6.28
	-6.20

	ETU 42Km/hr

	DCI format
	DCI format 1-0
	DCI format 1-1

	Payload size inc. CRC
	56
	58
	60
	90
	92
	94

	AL = 4
	-2.78
	-2.60
	-2.38
	-0.59
	-0.50
	-0.43

	AL = 8
	-5.56
	-5.43
	-5.31
	-3.78
	-3.69
	-3.62

	AL = 16
	-7.96
	-7.83
	-7.69
	-6.32
	-6.27
	-6.19


Table 2: Required SNR for 10% PDCCH BLER 

3	Hypothetical PDCCH parameters
In agreed WF [2], DCI format 1-0 is used for out-of-sync evaluation.
Under static channel, LTE OOS required SNR is -11.5dB to achieve 10% BLER with 8CCE [3], where 4 dB power boost on PDCCH is assumed. Based on our simulation results of static channel,
· Depending on payload size, NR OOS required SNR is about -7.4~ -7.2dB to achieve 10% BLER with 8 CCE, where 0 dB power boost on PDCCH is assumed.
· Depending on payload size, NR OOS required SNR is about -9.5~ -9.3dB to achieve 10% BLER with 16 CCE, where 0 dB power boost on PDCCH is assumed.
It is observed that, for AL8 and AL16 respectively, the required SINR of NR is about 4.8dB and about 2.1 dB worse than that of LTE to achieve 10% BLER for OOS indication. The main reason would be that NR has no power boosting on PDCCH data and DMRS REs but LTE has 4dB power boosting on PDCCH and PCFICH REs. To keep the NR DL coverage comparable to LTE, there are two approaches could be used (jointly) to lower OOS required SNR:
· Approach #1: Increasing to 16 CCEs
· Approach #2: Power boosting on PDCCH data and DMRS REs
However, it would be a good starting point to leverage LTE hypothetical settings, i.e. 8CCE and 4dB power boosting, for NR hypothetical OOS PDCCH parameters.
[bookmark: _Ref506292569]Proposal 2: Using 8CCE and [4]dB power boosting on PDCCH data and DMRS REs for hypothetical PDCCH OOS parameters.
RLM evaluation period is scaled by [1.5] for short DRX and whether to scaleL1 indication period is still FFS. To quickly response radio link quality, UE shall be able to send out L1 indication as soon as possible. Therefore we prefer two successive indications from Layer 1 shall be separated by at least TIndication_interval, where TIndication_interval = max(10, TSSB, DRX cycle length) for DRX mode. 
[bookmark: _Ref510386684]Proposal 3: For DRX mode, two successive indications from Layer 1 shall be separated by at least TIndication_interval, where TIndication_interval = max(10, TSSB, DRX cycle length).

4	Conclusion
In this contribution, PDCCH simulation results are provided. Based on the discussion in section 3, we have the following proposals:
Proposal 1: PDCCH precoder selection shall be specified in hypothetical PDCCH parameter tables.
Proposal 2: Using 8CCE and [4]dB power boosting on PDCCH data and DMRS REs for hypothetical PDCCH OOS parameters.
Proposal 3: For DRX mode, two successive indications from Layer 1 shall be separated by at least TIndication_interval, where TIndication_interval = max(10, TSSB, DRX cycle length).
5	Reference 
[1] R4-1801068, “Simulation assumption for NR RLM”, Nokia, Nokia Shanghai Bell
[2] R4-1803477, “WF on RLM requirements for NR”, Nokia, Nokia Shanghai Bell
[3] TS 36.133., ``Requirements for support of radio resource management’’
6	Appendix 
	Parameter
	Value 

	Carrier frequency
	FR1, 4 GHz // no FR2: RF impairment

	DCI format / payload size
	Format 1-0
Number of bits: 58 (48 PRBs)

	Number of control OFDM symbols
	{2 symbols, 15 kHz, 48 PRB}

	Bandwidth (MHz)
	

	Sub-carrier spacing (kHz)
	

	Aggregation level (CCE)
	4 and 8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0 dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0 dB

	Precoder granularity in frequency domain
	REG bundle size

	PDCCH Precoder 
	i.i.d. random in slot and REG bundle

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed

	SNR
	[-12, -11, … 4, 5, 6]

	Frequency error
	0

	Propagation condition
	AWGN, EPA, ETU (only for 15kHz SCS)

	Antenna configuration
	2x2 Note

	UE speed
	3km/h, 42km/h

	UE CE/NE
	Practical

	UE PDCCH decoder
	Practical

	Note: Companies are encouraged to clarify whether the 2Tx simulation results are based Tx diversity or not.


Table 3: Simulation Setting
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