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[bookmark: _Toc116995841]Introduction
This contribution presents our supporting simulations for our companion discussion TDoc [1] for the remaining issues on FR1 < 5MHz.
Discussion
 Background
This paper presents the simulation results to support our corresponding discussion paper for RAN4#108 regarding FR1<5 MHz RRM requirements definition.
[bookmark: _Toc116995848]Simulation results for PBCH 
Way Forward and Introduction to PBCH Simulations
In this section, we present our simulation results for PBCH, specifically the impact of Soft Combining, as mentioned in the WF.
	Issue 1-16: Soft Combining
Way forward: Soft Combining
· Companies are encouraged to collect simulation results with and without soft combining to assess the performance impacts and make the decision then.



PBCH decoding, TDL C 300ns
Table 1 99% PBCH decoding, SSB samples or SINR needed TDL C 300ns
	 
	SINR of one shotneeded  for 12 PRBs
	Number of attempts needed  for 12 PRBs, SINR-6dB
	Number of attempts needed  for 12 PRBs, SINR-4dB
	SINR of one shotneeded  for 15 PRBs
	Number of attempts needed  for 15 PRBs, SINR-6dB
	Number of attempts needed  for 15 PRBs, SINR-4dB
	SINR of one shotneeded  for 20 PRBs
	Number of attempts needed  for 20 PRBs, SINR-6dB
	Number of attempts needed  for 20 PRBs, SINR-4dB

	Qualcomm
	>2dB
	5
	3
	0dB
	3
	2
	-
	-
	-

	Huawei
	11dB
	-
	-
	-
	-
	-
	3dB
	-
	-

	Ericsson
	-
	-
	-
	-1dB
	5
	4
	-
	-
	-

	MTK
	>0dB
	NA, >4
	4
	-
	-
	-
	-3dB
	3(Soft combing)
	2

	Nokia
	-
	2(Soft combing)
	-
	-
	2(Soft combing)
	-
	-
	1
	1

	Apple
	-
	-
	-
	-
	-
	-
	-
	-
	-


 
 
PBCH decoding, HST
Table 2 99% PBCH decoding, SSB samples or SINR needed HST
	 
	SINR of one shotneeded  for 12 PRBs
	Number of attempts needed  for 12 PRBs, SINR-6dB
	Number of attempts needed  for 12 PRBs, SINR-4dB
	SINR of one shotneeded  for 15 PRBs
	Number of attempts needed  for 15 PRBs, SINR-6dB
	Number of attempts needed  for 15 PRBs, SINR-4dB
	SINR of one shotneeded  for 20 PRBs
	Number of attempts needed  for 20 PRBs, SINR-6dB
	Number of attempts needed  for 20 PRBs, SINR-4dB

	Qualcomm
	-2dB
	3
	2
	-6dB
	1
	1
	-
	-
	-

	Huawei
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Ericsson
	-4.5dB
	2
	1
	-7dB
	1
	1
	-
	-
	-

	MTK
	-3dB
	2(Soft combing)
	2
	-
	-
	 
	-
	-
	 

	Nokia
	-2.5dB
	6 (3 Soft combing)
	2
	-6dB
	1
	1
	-8.5dB
	1
	1

	Apple
	-
	-
	-
	-
	-
	-
	-
	-
	-


 
PBCH decoding, AWGN
Table 3 99% PBCH decoding, SSB samples or SINR needed AWGN
	 
	SINR of one shotneeded  for 12 PRBs
	Number of attempts needed  for 12 PRBs, SINR-6dB
	Number of attempts needed  for 12 PRBs, SINR-4dB
	SINR of one shotneeded  for 15 PRBs
	Number of attempts needed  for 15 PRBs, SINR-6dB
	Number of attempts needed  for 15 PRBs, SINR-4dB
	SINR of one shotneeded  for 20 PRBs
	Number of attempts needed  for 20 PRBs, SINR-6dB
	Number of attempts needed  for 20 PRBs, SINR-4dB

	Qualcomm
	-4dB
	2
	1
	-6dB
	1
	1
	-
	-
	-

	Huawei
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Ericsson
	-5dB
	2
	 
	-
	-
	 
	-
	-
	-

	MTK
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Nokia
	-4dB
	4 (2 Soft combing)
	1
	-7dB
	1
	1
	-9dB
	1
	1

	Apple
	-
	-
	-
	-
	-
	-
	-
	-
	-


 
Simulation results for PDCCH
Introduction to PDCCH Simulations
In the following sub-sections, we introduce the simulation results in BLER for various channel types for the performance of PDCCH from our simulation campaign.
Simulation Assumptions
The following table presents the simulation assumptions used in our simulation campaign.
	Carrier frequency
	900 MHz

	Antenna setup
	2x2

	Channel model
	TDL-C 300ns, TDL-A 30ns, TDL-B 100ns, AWGN

	UE speed
	3km/h, 500km/h

	Subcarrier spacing
	15 kHz

	CORESET allocation
	2 and 3 symbols
24 RB CORESET limited to 12 and15 RBs 

	Receiver assumptions on Tx bandwidth
	Receiver detects using same BW as in TX side

	Payload
	40 bits + 24 bit CRC	Comment by Kari Hooli (Nokia): If I counted right, the DCI 1_0 size for 3 MHz CBW would be 35 bits.  I expect the difference to 40 bits to be minor, and we can use the current results as such.	Comment by Quang-Doanh Vu (Nokia): So, does this mean the parameter is 35 bits + 24 bit CRC? We can run with the parameter in the next meeting.



TDL-C 300ns
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TDL-A 30ns
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TDL-B 100ns
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AWGN
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PDCCH simulation table with 12 PRB and 24 PRB comparison

	Channel
	BW
	SNR [dB]

	
	
	Interleaved

	
	
	BLERin  2%
	Delta 
	BLERout  10%
	Delta 

	
	
	[dB] 
	[dB] 
	[dB]  
	[dB] 

	AWGN,
3km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-5.6
	-2.6
	-6.3
	-2.5

	
	24 PRBs Interl. 8 CCE
	-8.2
	
	-8.8
	

	
	12 PRBs Non-Interl. 4 CCE
	-5.6
	-2.3
	-6.3
	-2.3

	
	24 PRBs Interl. 8 CCE
	-7.9
	
	-8.6
	

	TDL-A30ns,
3 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-2.4
	-1.5
	-4.6
	-2.2

	
	24 PRBs Interl. 8 CCE
	-3.9
	
	-6.8
	

	
	12 PRBs Non-Interl. 4 CCE
	-3.2
	-0.8
	-4.7
	-2.1

	
	24 PRBs Interl. 8 CCE
	-4
	
	-6.8
	

	TDL-B100ns,
3 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-3.1
	-2.2
	-4.5
	-2.3

	
	24 PRBs Interl. 8 CCE
	-5.3
	
	-6.8
	

	
	12 PRBs Non-Interl. 4 CCE
	-2.7
	-2.5
	-4.2
	-2.4

	
	24 PRBs Interl. 8 CCE
	-5.2
	
	-6.6
	

	TDL-C300ns,
3 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-3.7
	-2.6
	-4.9
	-2.4

	
	24 PRBs Interl. 8 CCE
	-6.3
	
	-7.3
	

	
	12 PRBs Non-Interl. 4 CCE
	-3.5
	-2.9
	-4.6
	-2.7

	
	24 PRBs Interl. 8 CCE
	-6.4
	
	-7.3
	

	AWGN,
500 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-5.6
	-2.6
	-6.3
	-2.5

	
	24 PRBs Interl. 8 CCE
	-8.2
	
	-8.8
	

	
	12 PRBs Non-Interl. 4 CCE
	-5.6
	-2.3
	-6.3
	-2.3

	
	24 PRBs Interl. 8 CCE
	-7.9
	
	-8.6
	

	TDL-A30ns,
500 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-1.7
	-2.7
	-3.8
	-2.6

	
	24 PRBs Interl. 8 CCE
	-4.4
	
	-6.4
	

	
	12 PRBs Non-Interl. 4 CCE
	-1.7
	-2.8
	-3.8
	-2.5

	
	24 PRBs Interl. 8 CCE
	-4.5
	
	-6.3
	

	TDL-B100ns,
500 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-2.4
	-2.7
	-4.2
	-2.6

	
	24 PRBs Interl. 8 CCE
	-5.1
	
	-6.8
	

	
	12 PRBs Non-Interl. 4 CCE
	-2.4
	-2.8
	-4.1
	-2.6

	
	24 PRBs Interl. 8 CCE
	-5.2
	
	-6.7
	

	TDL-C300ns,
500 km/h
 
 
	12 PRBs Non-Interl. 4 CCE
	-2
	-3.8
	-4.3
	-2.9

	
	24 PRBs Interl. 8 CCE
	-5.8
	
	-7.2
	

	
	12 PRBs Non-Interl. 4 CCE
	-2.2
	-3.4
	-4.4
	-2.6

	
	24 PRBs Interl. 8 CCE
	-5.6
	
	-7
	



Table 1: PDCCH simulation results for 12 RB 




PDCCH simulation table with 15 PRB and 24 PRB comparison

	Channel
	PRBs
	BW
	SNR [dB]

	
	
	
	4 CCEs
	8 CCEs

	
	
	
	Interleaved
	 
	Interleaved
	 

	
	
	
	BLERin  2%
	Delta 
	BLERout  10%
	Delta 
	BLERin  2%
	Delta 
	BLERout  10%
	Delta 

	
	
	
	[dB] 
	[dB] 
	[dB]  
	[dB] 
	[dB] 
	[dB] 
	[dB]  
	[dB] 

	AWGN,
	15 PRBs
	2 OFDM Symbols 
	-1.6
	-4
	-3
	-3.3
	-5
	-3.2
	-6.3
	-2.5

	3km/h
	24 PRBs
	
	-5.6
	
	-6.3
	
	-8.2
	
	-8.8
	

	 
	15 PRBs
	3 OFDM Symbols 
	-4.5
	-1.1
	-5.3
	-1
	-6
	-1.9
	-6.9
	-1.7

	 
	24 PRBs
	
	-5.6
	
	-6.3
	
	-7.9
	
	-8.6
	

	TDL-A30ns,
	15 PRBs
	2 OFDM Symbols 
	-0.5
	-1.2
	-3
	-1.2
	-2.3
	-1.6
	-5
	-1.8

	3 km/h
	24 PRBs
	
	-1.7
	
	-4.2
	
	-3.9
	
	-6.8
	

	 
	15 PRBs
	3 OFDM Symbols 
	-1.6
	-0.3
	-3.8
	-0.6
	-3.3
	-0.7
	-5.5
	-1.3

	 
	24 PRBs
	
	-1.9
	
	-4.4
	
	-4
	
	-6.8
	

	TDL-B100ns,
	15 PRBs
	2 OFDM Symbols 
	-0.9
	-1.5
	-2.5
	-1.3
	-3.7
	-1.6
	-5
	-1.8

	3 km/h
	24 PRBs
	
	-2.4
	
	-3.8
	
	-5.3
	
	-6.8
	

	 
	15 PRBs
	3 OFDM Symbols 
	-1.5
	-0.7
	-3
	-0.7
	-4
	-1.2
	-5.3
	-1.3

	 
	24 PRBs
	
	-2.2
	
	-3.7
	
	-5.2
	
	-6.6
	

	TDL-C300ns,
	15 PRBs
	2 OFDM Symbols 
	-1.7
	-1.7
	-3.2
	-1.5
	-4.7
	-1.6
	-5.7
	-1.6

	3 km/h
	24 PRBs
	
	-3.4
	
	-4.7
	
	-6.3
	
	-7.3
	

	 
	15 PRBs
	3 OFDM Symbols 
	-2.7
	-0.8
	-4
	-0.7
	-5
	-1.4
	-5.8
	-1.5

	 
	24 PRBs
	
	-3.5
	
	-4.7
	
	-6.4
	
	-7.3
	

	AWGN,
	15 PRBs
	2 OFDM Symbols 
	-1.6
	-4
	-3
	-3.3
	-5
	-3.2
	-6.3
	-2.5

	500 km/h
	24 PRBs
	
	-5.6
	
	-6.3
	
	-8.2
	
	-8.8
	

	 
	15 PRBs
	3 OFDM Symbols 
	-4.5
	-1.1
	-5.3
	-1
	-6
	-1.9
	-6.9
	-1.7

	 
	24 PRBs
	
	-5.6
	
	-6.3
	
	-7.9
	
	-8.6
	

	TDL-A30ns,
	15 PRBs
	2 OFDM Symbols 
	-0.2
	-1.7
	-2.5
	-1.5
	-2.2
	-2.2
	-4.4
	-2

	500 km/h
	24 PRBs
	
	-1.9
	
	-4
	
	-4.4
	
	-6.4
	

	 
	15 PRBs
	3 OFDM Symbols 
	-1.3
	-0.7
	-3.3
	-0.7
	-2.9
	-1.6
	-4.8
	-1.5

	 
	24 PRBs
	
	-2
	
	-4
	
	-4.5
	
	-6.3
	

	TDL-B100ns,
	15 PRBs
	2 OFDM Symbols 
	-0.7
	-1.7
	-2.7
	-1.5
	-3
	-2.1
	-4.8
	-2

	500 km/h
	24 PRBs
	
	-2.4
	
	-4.2
	
	-5.1
	
	-6.8
	

	 
	15 PRBs
	3 OFDM Symbols 
	-1.8
	-0.6
	-3.5
	-0.6
	-1.7
	-3.5
	-5.2
	-1.5

	 
	24 PRBs
	
	-2.4
	
	-4.1
	
	-5.2
	
	-6.7
	

	TDL-C300ns,
	15 PRBs
	2 OFDM Symbols 
	-0.8
	-1.8
	-2.8
	-1.6
	-3
	-2.8
	-5
	-2.2

	500 km/h
	24 PRBs
	
	-2.6
	
	-4.4
	
	-5.8
	
	-7.2
	

	 
	15 PRBs
	3 OFDM Symbols 
	-2
	-0.7
	-3.7
	-0.7
	-3.8
	-1.8
	-5.5
	-1.5

	 
	24 PRBs
	
	-2.7
	
	-4.4
	
	-5.6
	
	-7
	



Table 1: PDCCH simulation results for 15 RBs 




1. Conclusion
Within this contribution we present simulation results supporting the definition of RRM requirements for FR1 < 5MHz. 
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