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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
OCNG patterns are used in LTE in RRM test cases to generate interference in the cells by scheduling virtual UEs. The OCNG loads the cells in controlled manner and thus make the RRM test cases more realistic in terms of interference situation.
A mechanism similar to LTE OCNG is needed also in NR. In this paper we propose OCNG mechanism to be used in NR cells during the RRM tests.  
2.  SS-OCNG Patterns for FR1 and FR2 
Firstly we should aim to develop SS-OCNG which are general enough to be used in variety of RRM test cases. However at least the following parameters need to be considered when developing the SS-OCNG patterns:
· SCS of SSB
· SCS of PDSCH used for generating SS-OCNG and RMCs (if present)
· Channel BW
· Number of SSBs within SMTC window
· Whether RMC is used or not
· UL-DL configuration for TDD 
The SS-OCNG for FDD and TDD will also differ in that the latter depends on TDD configuration. In NR the location of SSB is flexible and can be configured anywhere at the synchronization raster for given SCS and frequency band/frequency range.
To cover all cases we propose that the SS-OCNG are defined for the following 3 sets of SSB SCS. For the time being we also assume that PDSCH for SS-OCNG and RMCs use the same SCS as that of SSB:
· SCS = 15 KHz to cover all bands up to 3 GHz
· SCS = 30 KHz to cover all bands between 3-6 GHz and
· SCS = 120 KHz to cover all bands above 24 GHz


In all the SS-OCNG patterns described in the following sections, the parameter, is used for scaling the power of the PDSCH transmitted to a virtual UE with respect to a reference value. As analysed in [1], the SS-OCNG relative power level of the i-th virtual UE is defined as:

· PRB,i = EPRE ratio of PDSCHi to PDSCHi DMRS / EPRE ratio of OCNG to OCNG DMRS
2.1 SS-OCNG for SCS = 15 KHz 
We propose that SS-OCNG for 15 KHz is defined for 10 MHz channel bandwidth with the aim of covering tests for UE supporting only sub-3 GHz bands. The 20 MHz channel has 52 RBs with 15 KHz SCS. Furthermore the number of SSB can be set to 4 which is the maximum number for 15 KHz SCS Case A sub-3 GHz according to section 4.1, TS 38.213.  There will still be at least two sets of OCNG with and without RMCs as further described below. Furthemore for 15 KHz SCS, SS-ONCG needs to be defined for both FDD and TDD.

2.1.1 SS-OCNG for FDD without RMC for 15 KHz SCS

An example of the SS-OCNG for 15 KHz SSB SCS with 10 MHz channel without RMC for FDD is shown in Table 1. The frame which contains SSB, symbol # 2 to 5 and 8 to 11 within slot # 0 and 1 are used for SSB. The SSB is placed at the start of the channel BW i.e. from RB # 0 to 19. The remaining RBs contain SS-OCNG. The remaining slots (slot # 2-9) are fully used for SS-OCNG. The slots of frames without SS-OCNG contain SS-OCNG over full bandwith. The SCS of PDSCH is the same as of SSB i.e. 15 KHz. 

Table 1: SOP.1 FDD FR1: SS-OCNG FDD Pattern 1 for SSB SCS = 15 KHz in 10 MHz without RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	2-9
	0-9
	

	Symbol
	0-1, 6-7, 12-13
	2-5, 8-11
	0-13
	0-13
	

	

	0-19
	0
	N/A
	0
	0
	Note 1

	
	20-51
	0
	0
	0
	0
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 15 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.

N/A: Not Applicable



2.1.2 SS-OCNG for TDD without RMC for 15 KHz SCS
An example of the SS-OCNG for 15 KHz SSB SCS with 10 MHz channel without RMC for TDD is shown in Table 2. We consider TDD UL-DL slot configuration with DL-UL-Transmission Periodicity = 5 ms. Each 5 ms transmission period consists of 5 slots in total (DDSUU): 2 DL slots, 1 DL slot with DL symbols =11 (symbol#0-10), guard period and UL symbols = 2, and 2 UL slots. This will allow 4 SSBs within first two slots of the first half frame. In this case OCNG shall be transmitted only in DL symbols. 
Table 2: SOP.1 TDD FR1: SS-OCNG TDD Pattern 1 for SSB SCS = 15 KHz in 10 MHz without RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	5-6
	(2,7)3
	(3-4,8-9)4
	0,1, 5,6
	(2,7)3
	(3-4, 8-9)4
	

	Symbol
	0-1, 6-7, 12-13
	2-5,8-11
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	0
	0
	N/A
	0
	0
	N/A
	Note 1

	
	20-51
	0
	0
	0
	0
	N/A
	0
	0
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 15 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots

N/A: Not Applicable




2.1.3 SS-OCNG for FDD with RMC for 15 KHz SCS

In some cells SS-OCNG pattern with RMC is required e.g. in PCell or PSCell. The reference measurement channels (RMC) are configured outside the SMTC window over 24 RBs as descrbed in another paper in [2]. In this case the SMTC window = 2 ms. This means RMC will be located in slots 2-9 in frames with SSBs and in all slots in frames without SSBs. We assume that the RMC is located in one side of the cell BW i.e. from RB# 28 to 51. This means SS-OCNG in slots where RMC is configured shall be in RB # 0 to 27. The SS-OCNG for FDD with RMC for 15 KHz SCS is shown in table 3.
Table 3: SOP.2 FDD FR1: SS-OCNG FDD Pattern 1 for SSB SCS = 15 KHz in 10 MHz with RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	2-9
	0-9
	

	Symbol
	0-1, 6-7, 12-13
	2-5, 8-11
	0-13
	0-13
	

	

	0-19
	0
	N/A
	N/A
	N/A
	Note 1

	
	20-51
	0
	0
	N/A
	N/A
	

	
	0-27
	N/A
	N/A
	0
	0
	

	
	28-513
	N/A
	N/A
	0
	0
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 15 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        PRBs allocated for RMC

N/A: Not Applicable



2.1.4 SS-OCNG for TDD with RMC for 15 KHz SCS
The RMC in case of TDD are also configured outside the SMTC window over 24 RBs as descrbed in another paper in [2]. However they can be configured only in DL slots. The RMC will therefore be located in DL slots 5-6 in frames with SSBs and in DL slots 0,1, 5 and 6 in frames without SSBs. We also assume that the RMC is located in one side of the cell BW i.e. from RB# 28 to 51. This means SS-OCNG in slots where RMC is configured shall be in RB # 0 to 27. The SS-OCNG pattern for TDD with RMC for 15 KHz SCS is shown in table 4.
Table 4: SOP.2 TDD FR1: SS-OCNG TDD Pattern 1 for SSB SCS = 15 KHz in 10 MHz with RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	5-6
	(2,7)3
	(3-4,8-9)4
	0,1, 5,6
	(2,7)3
	(3-4, 8-9)4
	

	Symbol
	0-1, 6-7, 12-13
	2-5,8-11
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	Note 1

	
	20-51
	0
	0
	N/A
	0
	N/A
	N/A
	0
	N/A
	

	
	0-27
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
	28-515
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 15 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots
Note 5:        PRBs allocated for RMC

N/A: Not Applicable




2.2 SS-OCNG for SCS = 30 KHz 
We propose that SS-OCNG for 30 KHz is defined for 20 MHz channel bandwidth with the aim of covering tests for UE supporting only 3-6 GHz bands. The 20 MHz channel has 51 RBs with 30 KHz SCS. The number of SSB can also be set to 4 for 30 KHz SCS Case C 3-6 GHz according to section 4.1, TS 38.213.  There will still be at least two sets of OCNG with and without RMCs as further described below. For 30 KHz SCS, SS-ONCG needs to be defined for only TDD since they are intended for bands above 3 GHz. These bands are defined only for TDD.
2.2.1 SS-OCNG for TDD without RMC for 30 KHz SCS
An example of the SS-OCNG for 30 KHz SSB SCS with 20 MHz channel without RMC is shown in Table 5. The frame which contains SSB, symbol # 2 to 5 and 8 to 11 within slot # 0 and 1 are used for SSB. The SSB is placed at the start of the channel BW i.e. from RB # 0 to 19. The remaining RBs (20-50) contain SS-OCNG. The remaining slots (slot # 2-19) are fully used for SS-OCNG. The slots of frames without SS-OCNG contain SS-OCNG over full bandwith. The SCS of PDSCH is the same as of SSB i.e. 30 KHz. We also consider TDD UL-DL slot configuration with DL-UL-Transmission Periodicity = 5 ms for 30 KHz SCS case. Each 5 ms transmission period consists of 10 slots in total (DDDDDSUUUU): 5 DL slots, 1 DL slot with DL symbols =11 (symbol#0-10), guard period and UL symbols = 2, and 4 UL slots. This will allow 4 SSBs within first two slots of the first half frame. In this case OCNG shall be transmitted only in DL symbols.
Table 5: SOP.3 TDD FR1: SS-OCNG TDD Pattern 1 for SSB SCS = 30 KHz in 20 MHz without RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	2-4, 10-14
	(5,15)3
	(6-9)4,
(16-19)4
	0-4, 10-14
	(5,15)3
	(6-9)4,
(16-19)4
	

	Symbol
	0-1, 6-7, 12-13
	2-5,
8-11
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	0
	0
	N/A
	0
	0
	N/A
	Note 1

	
	20-50
	0
	0
	0
	0
	N/A
	0
	0
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 30 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots

N/A: Not Applicable


2.2.2 SS-OCNG with RMC for 30 KHz SCS
The RMC in case of TDD with 30 KHz are also configured outside the SMTC window over 24 RBs in the DL slots as descrbed in [2]. The RMC in this case is located in slots # 2-4, 10-14 in frames with SSBs and in slots # 0-4, 10-14 in frames without SSBs. We also assume that the RMC is located in one side of the cell BW i.e. from RB# 27 to 50. This means SS-OCNG in slots where RMC is configured shall be in RB # 0 to 26. The SS-OCNG pattern for TDD with RMC for 30 KHz SCS is shown in table 6.
Table 6: SOP.4 TDD FR1: SS-OCNG TDD Pattern 1 for SSB SCS = 30 KHz in 20 MHz with RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0-1
	2-4, 10-14
	(5,15)3
	(6-9)4,
(16-19)4
	0-4, 10-14
	(5,15)3
	(6-9)4,
(16-19)4
	

	Symbol
	0-1, 6-7, 12-13
	2-5,
8-11
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	Note 1

	
	20-50
	0
	0
	N/A
	0
	N/A
	N/A
	0
	N/A
	

	
	0-26
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
	27-505
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 30 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots
Note 5:        PRBs allocated for RMC

N/A: Not Applicable




2.3 SS-OCNG for SCS = 120 KHz 

We propose that SS-OCNG for 120 KHz is defined for 100 MHz channel bandwidth with the aim of covering tests for UE supporting any FR2 band. The 100 MHz channel can support 66 RBs with 120 KHz SCS. The number of SSB can also be set to 16 for 120 KHz SCS Case D according to section 4.1, TS 38.213.  There will still be at least two sets of OCNG with and without RMCs as further described below.
2.3.1 SS-OCNG for TDD without RMC for 120 KHz SCS
An example of the SS-OCNG for 30 KHz SSB SCS with 100 MHz channel without RMC is shown in Table 7. The frame which contains SSB, symbol # 2 to 5 and 8 to 11 within slot # 0 and 1 are used for SSB. The SSB is placed at the start of the channel BW i.e. from RB # 0 to 19. The remaining RBs contain SS-OCNG. The remaining slots (slot # 2-19) are fully used for SS-OCNG. The slots of frames without SS-OCNG contain SS-OCNG over full bandwith. The SCS of OCNG PDSCH is the same as of SSB i.e. 120 KHz.
[bookmark: _Hlk517706604]Table 7: SOP.1 TDD FR2: SS-OCNG TDD Pattern 1 for SSB SCS = 120 KHz in 100 MHz without RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0, 2, 4, 6
	1,3, 5, 7
	8-19, 40-59
	(20,
60)3
	(21-39, 61-79)4
	0-19, 40-59
	(20,60)3
	(21-39, 61-79)4
	

	Symbol
	0-3, 12-13
	4-11
	0-1, 10-13
	2-9
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	0
	N/A
	0
	0
	N/A
	0
	0
	N/A
	Note 1

	
	20-65
	0
	0
	0
	0
	0
	0
	N/A
	0
	0
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 120 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots

N/A: Not Applicable


2.3.2 SS-OCNG for TDD with RMC for 120 KHz SCS
The RMC in case of TDD with 120 KHz are also configured outside the SMTC window over 24 RBs in the DL slots as descrbed in [2]. The SMTC window in this case is 1 ms comprising of 8 DL slots (slot # 0-7). The RMC in this case is located in DL slots # 8-19, 40-59 in frames with SSBs and in DL slots # 0-19, 40-59 in frames without SSBs. We also assume that the RMC is located in one side of the cell BW i.e. from RB# 42 to 65. This means SS-OCNG in slots where RMC is configured shall be in RB # 0 to 41. The SS-OCNG pattern for TDD with RMC for 120 KHz SCS is shown in table 8.
[bookmark: _Hlk517706621]Table 8: SOP.2 TDD FR2: SS-OCNG TDD Pattern 1 for SSB SCS = 120 KHz in 100 MHz with RMC
	Time-frequency resource

	
Relative power level  [dB]
	


PDSCH Data

	Frame type
	Frame with SSB
	Frame without SSB
	

	Slot
	0, 2, 4, 6
	1,3, 5, 7
	8-19, 40-59
	(20,
60)3
	(21-39, 61-79)4
	0-19, 40-59
	(20,60)3
	(21-39, 61-79)4
	

	Symbol
	0-3, 12-13
	4-11
	0-1, 10-13
	2-9
	0-13
	0-10
	0-13
	0-13
	0-10
	0-13
	

	

	0-19
	0
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	Note 1

	
	20-65
	0
	0
	0
	0
	N/A
	0
	N/A
	N/A
	0
	N/A
	

	
	0-41
	N/A
	N/A
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
	42-655
	N/A
	N/A
	N/A
	N/A
	0
	N/A
	N/A
	0
	N/A
	N/A
	

	
Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the SS-OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The SCS of PDSCH = 120 KHz. The parameter is used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas are used in the test, the PDSCH part of SS-OCNG shall be transmitted to the virtual users by all the transmit antennas. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.
Note 3:        Slots configured with guard period
Note 4:        Uplink slots
Note 5:        PRBs allocated for RMC

N/A: Not Applicable



3. Summary
In this paper we have analysed the SS-OCNG patterns for generating noise in RRM tests for SSB based measurement requirements. The following 8 different SS-OCNG patterns for NR cells used in RRM test cases are provided to cover all RRM test scenarios:
· SOP.1 FDD FR1: One pattern for FDD for 15 KHz SS-SCS without RMC for sub-3 GHz bands,
· SOP.2 FDD FR1: One pattern for FDD for 15 KHz SS-SCS with RMC for sub-3 GHz bands,
· SOP.1 TDD FR1: One pattern for TDD for 15 KHz SS-SCS without RMC for sub-3 GHz bands,
· SOP.2 TDD FR1: One pattern for TDD for 15 KHz SS-SCS with RMC for sub-3 GHz bands,
· SOP.3 TDD FR1: One pattern for TDD for 30 KHz SS-SCS without RMC for 3-6 GHz bands,
· SOP.4 TDD FR1: One pattern for TDD for 30 KHz SS-SCS with RMC for 3-6 GHz bands,
· SOP.1 TDD FR2: One pattern for TDD for 120 KHz SS-SCS without RMC for FR2 bands,
· SOP.2 TDD FR2: One pattern for TDD for 120 KHz SS-SCS with RMC for FR2.
A draft CR to TS 38.133 to define the SS-OCNG patterns is provided in [3].
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