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1	Introduction
In this paper, we present the simulation results on the PDCCH and PBCH demodulation performance in the frequency range 52.6 GHz to 71 GHz. Following the WF [1], we carried out our simulations using the agreed propagation environments during RAN4 meeting #103-e, given by
	Issue 1-2-1/1-2-2: TDL Channel Model and RMS Delay Spread
· RAN4 will specify demodulation requirements covering TDL-A10 (baseline) and TDL-D10 (for specific test cases)
· FFS whether TDL-A20 needed or not 

Issue 1-2-3: Max Doppler Frequency
· TDL-D with 200Hz Max doppler
· TDL-A channel:
· Option 1: 200Hz
· Option 2: 650Hz
· Option 3: both 200Hz, and 650Hz


2	PDCCH Simulation Results
2.1	Simulation setup
As per WF [1], and for the sake of completeness, we carried out simulations using TDLA10/20-200/650 and TDLD10-200 channel models. The simulation parameters are given in the Table below
Test Parameters (reference from TS 38.101-4 Table 7.3.2.2-1)
	Parameter
	Unit
	1 Tx Antenna
	2 Tx Antenna

	TDD UL-DL pattern
	
	TBD

	CCE to REG mapping type
	
	Interleaved

	REG bundle size 
	
	2 for test 1-1
6 for test 1-2
	2

	Interleaver size
	
	3 for test 1-1
2 for test 1-2
	3

	Shift index
	
	0



Furthermore, we used the following general parameters:
· Numerologies:
· SCS = 120 KHz, CBW = 100 MHz (66 PRB) and 400 MHz (264 PRB).
· SCS = 480 KHz, CBW = 400 MHz (66 PRB) and 800 MHz (124 PRB).
· Max Doppler frequency/DMRS
· UE speed at 3 Km/h (f_D = 200 Hz), DMRS 1+1
· UE speed at 10 Km/h (f_D = 650 Hz), DMRS 1+1
· Pre-loaded Tx EVM: 6%
· Additive Rx EVM: 0%
2.2	Simulation results
In this section, we present the PDCCH performance in terms of the probability of miss-detection of the downlink scheduling grant (Pm-dsg) as function of SNR (dB). The PDCCH performance metric is defined as the needed SNR (dB) for a Pm-dsg (BLER) at 1%. In the sequel, we provide the obtained results summarized in the following tables. Moreover, and for the sake of the presentation quality, we moved the figures in the Appendix A.1.
SCS 120 KHz/CBW 100 MHz
	Test case
	Interleaver
Size
	REG bundle size
	CORE
SET RB
	CORE
SET duration
	Aggre-gation level
	Antenna config
	DCI format
	Infor Bit
	Propagation condition
	SNR (dB)
@ 1% BLER

	Test 1-1
	3

	2
	60
	1
	2
	1x2 ULA Low
	1_0
	40
	TDLA10-200
	6.3171

	
	
	
	
	
	
	
	
	
	TDLA10-650
	6.2419

	
	
	
	
	
	
	
	
	
	TDLA20-200
	6.2825

	
	
	
	
	
	
	
	
	
	TDLA20-650
	6.3412

	Test
1-2
	2
	6
	60
	1
	4
	1x2 ULA Low
	1_1
	56
	TDLA10-200
	3.2834

	
	
	
	
	
	
	
	
	
	TDLA10-650
	3.3274

	
	
	
	
	
	
	
	
	
	TDLA20-200
	2.5653

	
	
	
	
	
	
	
	
	
	TDLA20-650
	2.5659

	Test
1-3
	3
	2
	60
	1
	8
	2x2 ULA Low
	1_1
	56
	TDLA10-200
	1.4743

	
	
	
	
	
	
	
	
	
	TDLA10-650
	1.4583

	
	
	
	
	
	
	
	
	
	TDLA20-200
	1.1823

	
	
	
	
	
	
	
	
	
	TDLA20-650
	1.2222

	Test
1-4
	3
	2
	60
	2
	16
	2x2 ULA Low
	1_0
	40
	TDLA10-200
	-1.6591                

	
	
	
	
	
	
	
	
	
	TDLA10-650
	-1.7265

	
	
	
	
	
	
	
	
	
	TDLA20-200
	-2.7115

	
	
	
	
	
	
	
	
	
	TDLA20-650
	-2.776



Observation 1: For SCS 120 KHZ/CBW 100 MHz, we kept same test setting as in FR2-1 while considering TDLA10/20-200/650 channel models.



SCS 120 KHz/CBW 400 MHz
	Test case
	Interleaver
Size
	REG bundle size
	CORE
SET RB
	CORE
SET duration
	Aggre-gation level
	Antenna config
	DCI format
	Infor Bit
	Propagation condition
	SNR (dB)
@ 1% BLER

	Test 1-1
	3

	2
	240
	1
	2
	1x2 ULA Low
	1_0
	40
	TDLA10-200
	4.2353

	
	
	
	
	
	
	
	
	
	TDLA10-650
	4.4445

	
	
	
	
	
	
	
	
	
	TDLA20-200
	4.1656

	
	
	
	
	
	
	
	
	
	TDLA20-650
	4.2641

	Test
1-2
	2
	6
	240
	1
	4
	1x2 ULA Low
	1_1
	56
	TDLA10-200
	1.5302

	
	
	
	
	
	
	
	
	
	TDLA10-650
	1.5925

	
	
	
	
	
	
	
	
	
	TDLA20-200
	1.1377

	
	
	
	
	
	
	
	
	
	TDLA20-650
	1.2366

	Test
1-3
	3
	2
	240
	1
	8
	2x2 ULA Low
	1_1
	56
	TDLA10-200
	-1.1451

	
	
	
	
	
	
	
	
	
	TDLA10-650
	-1.2714

	
	
	
	
	
	
	
	
	
	TDLA20-200
	-1.4157

	
	
	
	
	
	
	
	
	
	TDLA20-650
	-1.3319

	Test
1-4
	3
	2
	240
	1
	16
	2x2 ULA Low
	1_1
	56
	TDLA10-200
	-3.8889                

	
	
	
	
	
	
	
	
	
	TDLA10-650
	-3.9608

	
	
	
	
	
	
	
	
	
	TDLA20-200
	-4.0953

	
	
	
	
	
	
	
	
	
	TDLA20-650
	-4.0973



Observation 2: For SCS 120 KHz with max CBW such as 400 MHz, we proposed PDCCH modulation performance where 240 PRB have been allocated to the CORESET and all the aggregation levels have been limited to 1 OFDM symbol duration under TDLA10/20-200/650 channel models. 

SCS 480 KHz/CBW 400 MHz
	Test case
	Interleaver
Size
	REG bundle size
	CORE
SET RB
	CORE
SET duration
	Aggre-gation level
	Antenna config
	DCI format
	Infor Bit
	Propagation condition
	SNR (dB)
@ 1% BLER

	Test 1-1
	3

	2
	60
	1
	2
	1x2 ULA Low
	1_0
	40
	TDLA10-200
	5.8516

	
	
	
	
	
	
	
	
	
	TDLA20-200
	6.3931

	
	
	
	
	
	
	
	
	
	TDLD10-200
	3.4018

	Test
1-2
	2
	6
	60
	1
	4
	1x2 ULA Low
	1_1
	56
	TDLA10-200
	1.6345

	
	
	
	
	
	
	
	
	
	TDLA20-200
	2.2419

	
	
	
	
	
	
	
	
	
	TDLD10-200
	-0.5096

	Test
1-3
	3
	2
	60
	1
	8
	2x2 ULA Low
	1_1
	56
	TDLA10-200
	0.7228

	
	
	
	
	
	
	
	
	
	TDLA20-200
	0.7353

	
	
	
	
	
	
	
	
	
	TDLD10-200
	0.5403

	Test
1-4
	3
	2
	60
	2
	16
	2x2 ULA Low
	1_0
	40
	TDLA10-200
	-3.9848                

	
	
	
	
	
	
	
	
	
	TDLA20-200
	-4.0942

	
	
	
	
	
	
	
	
	
	TDLD10-200
	-5.5854



Observation 3: For SCS 480 KHz with min CBW such as 400 MHz, we proposed PDCCH modulation performance where 60 PRB have been allocated to the CORESET and kept same antenna configuration and DCI format as for 120 KHz/100 MHz, under TDLA10/20-200 and TDLD10-200 channel models. Herein,
· The aggregation level 8 has been allocated 1 OFDM symbol duration.
· The aggregation level 16 has been allocated 2 OFDM symbol duration.

3	PBCH Simulation Results
[bookmark: _Hlk101447148]3.1	Simulation setup
As per WF [1], we carried out simulations under TDLA10-200/650, TDLA20-200 and TDLD10-200 channel models. Furthermore, we considered the following table where it is worth noting that we kept same target coding rate for both numerologies, 120 KHz SCS and 480 KHz SCS.

Table A.3.4.2-1: PBCH Reference Channel
	Parameter
	Unit
	Value

	Reference channels
	
	R.PBCH.5
	R.PBCH.6

	SS/PBCH block subcarrier spacing
	KHz
	120
	240

	Modulation
	
	QPSK
	QPSK

	Target coding rate
	
	56/864
	56/864

	Payload (without CRC and timing related PBCH payload bits)
	bits
	24
	24



3.2    Simulation results
In this section, we present the PBCH performance in terms of the probability of miss-detection of the PBCH (Pm-bch), given by

where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs, as function of SNR (dB). The Pm-bch is derived with the assumption that UE combines the PBCH symbols of the same SS/PBCH block index within the MIB TTI (80ms). Therefore, we have 4 transmissions for each MIB as per the following parameters’ table.
Table (TS 38.101-4 7.4.2.2-1): Test parameters for PBCH
	Parameter
	Unit
	Single antenna port

	Physical Cell ID
	
	0

	Cyclic prefix
	
	Normal

	Number of SS/PBCH blocks within an SS burst set periodicity
	
	1

	SS/PBCH block index Note1
	
	0

	SS/PBCH block periodicity
	ms
	20

	TDD UL-DL pattern
	
	TBD

	Note 1:	as specified in clause 4.1 of TS 38.213



Observation 4: Pm-bch is derived in terms of BLER for every MIB (4 SSB Transmissions).

The following tables gather the obtained results.
	Test number
	SSB 
SCS
	Antenna configuration
	Propagation condition
	SNR (dB) @ 1% Pm-bch
	SS/PBCH block index                       

	1-1
	

120 KHz

	


1x2 Low
	TDLA10-200
	-6.3851
	
unknown

	
	
	
	TDLA10-650
	-6.3641
	

	
	
	
	TDLA20-200
	-6.7049
	

	
	
	
	TDLD10-200
	-9.9231
	

	1-2
	
	
	TDLA10-200
	-9.4371
	
known

	
	
	
	TDLA10-650
	-9.4878
	

	
	
	
	TDLA20-200
	-9.353
	

	
	
	
	TDLD10-200
	-10.7277
	



	Test number
	SSB 
SCS
	Antenna configuration
	Propagation condition
	SNR (dB) @ 1% Pm-bch
	SS/PBCH block index                       

	1-1
	

480 KHz

	


1x2 Low
	TDLA10-200
	-6.2382
	
unknown

	
	
	
	TDLA10-650
	-6.4688
	

	
	
	
	TDLA20-200
	-5.6525
	

	
	
	
	TDLD10-200
	-10.039
	

	1-2
	
	
	TDLA10-200
	-9.0228
	
known

	
	
	
	TDLA10-650
	-8.9199
	

	
	
	
	TDLA20-200
	-8.7689
	

	
	
	
	TDLD10-200
	-10.72
	



Observation 5: The reference SNRs for both cases, whether SS/PBCH index is known or not, have been provided. These values need to be confirmed in term of testability.
6	Summary
In this paper, we carried out simulations for PDCCH and PBCH in FR2-2. Here we propose some observations that need further discussions:
Observation 1: For SCS 120 KHZ/CBW 100 MHz, we kept same test setting as in FR2-1 while considering TDLA10/20-200/650 channel models.

Observation 2: For SCS 120 KHz with max CBW such as 400 MHz, we proposed PDCCH modulation performance where 240 PRB have been allocated to the CORESET and all the aggregation levels have been limited to 1 OFDM symbol duration under TDLA10/20-200/650 channel models. 

Observation 3: For SCS 480 KHz with min CBW such as 400 MHz, we proposed PDCCH modulation performance where 60 PRB have been allocated to the CORESET and kept same antenna configuration and DCI format as for 120 KHz/100 MHz, under TDLA10/20-200 and TDLD10-200 channel models. Herein,
· The aggregation level 8 has been allocated 1 OFDM symbol duration.
· The aggregation level 16 has been allocated 2 OFDM symbol duration.

Observation 4: Pm-bch is derived in terms of BLER for every MIB (4 SSB Transmissions).

Observation 5: The reference SNRs for both cases, whether SS/PBCH index is known or not, have been provided. These values need to be confirmed in term of testability.
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Appendix	Simulation assumption
A.1	PDCCH Performance Results
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            (a) AL2/1 OFDM Symbol                      (b) AL4/1 OFDM Symbol
[image: ] [image: ]
            (c) AL8/1 OFDM Symbol                      (d) AL16/2 OFDM Symbols
Fig 1 – PDCCH performance in terms of BLER as function of SNR using (SCS,CBW) = (120 KHz, 100 MHz) in {TDLA 10-200, TDLA 10-650, TDLA 20-200, TDLD 20-650} channels, where 60 RBs are allocated for the CORESET.
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            (a) AL2/1 OFDM Symbol                      (b) AL4/1 OFDM Symbol
[image: ] [image: ]
            (c) AL8/1 OFDM Symbol                      (d) AL16/1 OFDM Symbol
Fig 2 – PDCCH performance in terms of BLER as function of SNR using (SCS,CBW) = (120 KHz, 400 MHz) in {TDLA 10-200, TDLA 10-650, TDLA 10-200, TDLA 20-650} channels, where 240 RBs are allocated for the CORESET. The CORESET duration is 1 OFDM symbol for all aggregation levels.
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            (a) AL2/1 OFDM Symbols                        (b) AL4/1 OFDM Symbol
[image: ] [image: ]
            (c) AL8/1 OFDM Symbol                      (d) AL16/2 OFDM Symbols
Fig 3 – PDCCH performance in terms of BLER as function of SNR using (SCS,CBW) = (480 KHz, 400 MHz) in {TDLA 10-200, TDLD 10-200, TDLA 20-200} channels, where 60 RBs are allocated for the CORESET. 

A.2	PBCH Performance Results

[image: ] [image: ]
        (a) SS/PBCH Block index unknown                  (b) SS/PBCH Block index Known
Fig 4 – BLER (4 Transmissions) as function of SNR (dB) for PBCH using SCS 120 KHz in {TDLA 10-200, TDLA 10-650, TDLA 20-200, TDLD 10-200} channels.

[image: ] [image: ]
        (a) SS/PBCH Block index unknown                  (b) SS/PBCH Block index Known
Fig 5 – BLER (4 Transmissions) as function of SNR (dB) for PBCH using SCS 480 KHz in {TDLA 10-200, TDLD 10-200, TDLA 10-650, TDLD 10-650} channels.
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