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1 
Introduction
In the RAN4#83 meeting a WF for NR RRM working plan was agreed [1]. One of important items which can be started in RAN4 is the link level simulations including:

	· For the link studies include at least:

· 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, measuemrent period, measurement accuracy etc.)
· Basic SI reading (PBCH acquisition)
· Any additional link study if needed for SA specifically
· Discuss the link simulations methodology.

· Agree on simulation assumptions for link level studies.


And regarding to the current RAN1 agreements on the physical design, except NR-SS other key physical aspects are still under discussion. Hence the link level simulation can be performed only for the cell detection based on NR-SS. The other aspects (e.g. RLM, beam identification) are pending on RAN1&2 agreements. Therefore, in this contribution the simulation assumption for NR cell detection is provided firstly.
2 Discussion on RAN1 agreements of NR-SS
2.1. NR-SS transmission bandwidth
Unlike LTE, the transmission parameters of NR-PSS/SSS (e.g. transmission bandwidth and subcarrier spacing) and RX algorithm (e.g. non-beamforming or beamforming) depending on the frequency band are defined as shown below.

	R1-1703594
WF on NR-SS default parameters
NTT DOCOMO, AT&T, ZTE, ZTE Microelectronics, Sierra Wireless, InterDigital, Panasonic, Ericsson
Working assumptions:
· About 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design

· FFS whether NR-PSS/SSS could be used to indicate information other than NR physical cell ID
· FFS further extension of ID space for non-mobility purpose through e.g., broadcast

· RAN1 considers NR-PSS and NR-SSS have same transmission bandwidth

R1-1703700
WF on NR-SS default parameters
NTT DOCOMO, Interdigital

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-SS design

· Parameter set #W associated with 15 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 5 MHz

·  Parameter set #X associated with 30 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 10 MHz

·  Parameter set #Y associated with 120 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 40 MHz

·  Parameter set #Z associated with 240 kHz subcarrier spacing and NR-SS transmission bandwidth no larger than 80 MHz

· Note that association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4

· Note that each subcarrier spacing is associated with single sequence length and transmission bandwidth

· Note that additional  parameter set or further down selection of  parameter set is not precluded
· This agreement does not preclude any subcarrier spacing for data channel



Generally, the multiple simulation assumption sets depending on the carrier frequency bands shall be specified in NR link level simulation. However, in order to reduce the extra link level simulation efforts due to the complicated simulation parameters sets, the carrier frequency range to be simulated shall be limited. For example, for the carriers up to 6GHz, 4 GHz carrier frequency with 15/30 kHz subcarrier spacing can be considered as the start point of RAN4 RRM link level simulation. 
Observation 1: A few simulation parameters sets depending on the carrier frequency shall be defined for the two cases firstly:

· Up to 6GHz

· Above 6GHz
2.2. NRSS block and burst 

If NR cell detection window happened every NR-SS burst, the cell detection delay would be proportional to NR-SS burst periodicity. The cell detection performance requirements (e.g. cell identification delay) depend on the periodicity of NR-SS burst significantly.

Observation 2: The periodicity of NR-SS burst shall be included in the NR cell identification link level simulation assumptions.
On the other hand the NR-SS blocks within a NR-SS burst can be different for beams but unique for a cell. That is the available NR-SS blocks for NR cell detection can be more than one with a search window (e.g. a NR burst). This makes the coherent combination among the detection over the NR-SS blocks within a NR-SS burst possible. 
Observation 3: How to configure NR-SS blocks within a NR-SS burst in timing domain will impact the cell identification performance also. 

In RAN1 last meeting NR-SS block and burst composition are agreed as:

	R1-1709263    WF on SS block composition    Huawei, HiSilicon

Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision
 

R1-1709489    On SS burst composition    Nokia

Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
Above agreements does not preclude 7 OFDM symbol slot operation


In principle NR-SS blocks allocation with a burst can typically be illustrated as:
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Figure 1. An example of NR-SS block configuration in a transmission window
Moreover, as RAN1 agreed below the number of possible NR-SS blocks can be less than “L”. That is the number of NR-SS blocks within a transmission window can be as less as 1. 

Observation 3: In case of a single NR-SS block within a search window it is not feasible to assume the coherent combination among the NR-SS blocks for a same cell.  
	R1-1709612    WF on NR SS measurement duration     Intel Corporation, InterDigital, MediaTek, Qualcomm, Samsung, Ericsson

Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



3 Simulation assumption
Besides the several important simulation parameters above, the additional parameters can be listed below.
Proposal 1: The link level simulation assumptions in Table 1 can be used for NR cell detection in RAN4 RRM.
Table I: Link level simulation assumptions
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, and CDL-D for 70 GHz (other CDL models are not precluded), AWGN

· with delay scaling values of 100ns (mandatory), 300ns (optional)  and 1000ns (optional) for 4 GHz, 30 ns for 30/70 GHz
· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases
· ZSA = 5 degree, ZSD = 1 degree 
· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA
 

	Subcarrier Spacing(s)
	15, 30KHz
	 240KHz

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 120 km/h  (mandatory)

 30km/h and 500km/h (optional)
	3 km/h

	Search window
	5ms
 

	NR-SS blocks within a transmission window
	· 1 symbol PSS + 1 symbol SSS + 2 symbol PBCH

· [2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· SS block does not cross the middle of the slot of 14 symbols



	PSS sequence
[3]
	Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

	SSS sequence

[3]
	NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence

· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1

· Initial state is [0000001]

· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
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	NR-PSS/SSS detection
	One shot detection with a SS block only

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

 

	Frequency Offset
	· Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
· Non-initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm
 

	Number of interfering TRPs 
	1. 0 TRP: mandatory

2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP


Proposal 2: At the first stage NR link level simulation in RAN4 RRM, the performance metric can be given by
· Successful PSS/SSS ID detection rate

· 90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s
4 Conclusion
In this contribution some consideration on NR link level simulation assumptions for NR cell detection was provided. The following proposals can be drawn: 
Proposal 1: The link level simulation assumptions in Table 1 can be used for NR cell detection in RAN4 RRM.
Table I: Link level simulation assumptions
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, and CDL-D for 70 GHz (other CDL models are not precluded), AWGN

· with delay scaling values of 100ns (mandatory), 300ns (optional)  and 1000ns (optional) for 4 GHz, 30 ns for 30/70 GHz
· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases
· ZSA = 5 degree, ZSD = 1 degree 
· The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA
 

	Subcarrier Spacing(s)
	15, 30KHz
	 240KHz

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 120 km/h  (mandatory)

 30km/h and 500km/h (optional)
	3 km/h

	Search window
	5ms

 

	NR-SS blocks within a transmission window
	· 1 symbol PSS + 1 symbol SSS + 2 symbol PBCH

· [2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· SS block does not cross the middle of the slot of 14 symbols



	PSS sequence

[3]
	Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

	SSS sequence

[3]
	NR-SSS sequence design is 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts

· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence

· Two polynomials are generated by g0(x) = x7 + x4 + 1 and g1(x) = x7 + x + 1

· Initial state is [0000001]

· The cyclic shift values  and  are jointly determined by the cell IDs carried by NR PSS (i.e., ) and NR SSS (i.e., )), where the cell ID is given by 
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	NR-PSS/SSS detection
	One shot detection with a SS block only

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90 degrees , directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

 

	Frequency Offset
	· Initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
· Non-initial acquisition
· TRP: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm
 

	Number of interfering TRPs 
	1. 0 TRP: mandatory

2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP


Proposal 2: At the first stage NR link level simulation in RAN4 RRM, the performance metric can be given by

· Successful PSS/SSS ID detection rate

· 90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s
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