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Introduction
According to the revised SID on NR coverage enhancements [1], one objective is to identify the baseline performance for specific scenarios for FR1, where the scenarios include urban scenario and rural scenario. In the RAN1#101-e and RAN1#102-e meeting, the evaluation methodology, LLS simulation assumptions, link budget template were discussed and the output can be found in [2][3][4][5]. 
In this contribution, we further discuss the remaining issues on the simulation assumptions/link budget template, and provide the baseline coverage performance for DL/UL channels in different scenarios in FR2. 
Discussion on LLS simulation assumptions
· PUCCH carrying HARQ-ACK for Msg4 
In Section 4 of this contribution, we find PUCCH carrying HARQ-ACK for Msg4 could potentially have coverage issues. However, it’s unfortunate that RAN1 missed to discuss the evaluation on this channel and its corresponding simulation assumptions. Compare to normal PUCCH evaluation, the main difference of PUCCH carrying HARQ-ACK for Msg4 is the HARQ-ACK payload is one bit and no PUCCH repetition is supported. As a result, we have the following proposal. 
Proposal 1: For link level simulation of PUCCH format 1 with 1-bit HARQ-ACK for Msg4 in FR2, reuse the simulation assumptions of normal PUCCH with assuming no PUCCH repetition.
Discussion on link budget parameters
· Transmitter/Receiver array gain
In RAN1#102-e, the following agreements are reached for antenna gain modeling of gNB and UE. For gNB, two correction factors 1 and 2 are introduced for antenna gain component 2 and component 3/4 respectively. For UE, one correction factor 3 is introduced for antenna array gain. In the following, we provide our views on determination of the correction factors for FR2.  
	Agreements:
Further clarify the agreement on antenna gain and antenna gain components including antenna gain correction factors as follows:
· For both TDL option 1 (table A below) and TDL option 2 & CDL (table B below)
· The gain of antenna gain component 1 is included in LLS results
· The gain of antenna gain component 2 is included in link budget template
· The gain is expressed by 10 * log 10( N/k ) - 1
·  For TDL option 2 & CDL, the gain is 0 dB
· The gain of antenna gain component 3 is included in link budget template
· The gain of antenna gain component 4 is included in link budget template
· The gain of antenna gain components 3 and 4 is expressed by Antenna Element Gain + 10 * log 10( M/N ) -2
· For Tx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (4) 
· For Rx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (11)
· Note: more appropriate name or explanation will be added to row No.(4) and (11). Details can be discussed when the link budget template is updated. 
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Table A. antenna gain components for TDL option 1
Agreement:
· Antenna array gain at a UE for FR1 and FR2 is clarified as follows:
· The meaning of k, N and M:
·  is the number of Tx/Rx chains, e.g., number of SRS/CSI-RS ports to be simulated in LLS. 
·  is the number of antenna elements used both for transmission and reception, i.e.,  xpol antenna elements.
· A formal definition of N is not necessary for UE antenna array gain modeling.
· The values for k and the relationship between k and M are clarified as follows:
· For FR1, k = M is assumed for the simulations, and 
·  for Tx (optional k = 2)
·  for Rx
· For FR2, there are two possibilities for simulations: 
· ; for Tx and  for Rx; or
· .
· Antenna array gain in transmission/reception to input in link budget template is given by 
· , where
· is a correction factor to account for various non-idealities impacting the actual antenna array gain, if any
· For FR1, . 
· For FR2, 3 is channel procedure/dependent, and reported by companies. 
· The values for antenna element gain:
· 0 dBi for FR1
· 5 dBi for FR2


Take urban 28GHz as an example,  there are two 2 RF chains with totally 256 elements at gNB side, and 1Tx-2Rx with 4 polarized elements at UE side. In such case, Δ1 is zero,  and Δ2 and Δ3 can be jointly determined by UE’s angular location in reference to the bore sight of the selected DL-UL beam pair via SLS. In Figure 1, the CDF curve of UE’s analog beamforming gain for channels in RRC-connected mode is provided. In the simulation, 128 DL and 4 UL analog beams per sector are formulated for channels in connected mode.
[image: 28G Unicast Urban]
Figure 1 CDF curve of UE’s analog beamforming gain for 28GHz urban scenario —— DL/UL channels in connected mode
As can be observed in Figure 1, if the 95th percentile beamforming gain is chosen, the correction Δ2+Δ3 is 6.99 dB (ideal beamforming gain of 27.09 dB minus actual beamforming gain of 20.1 dB) for DL/UL channels in RRC-connected mode.
Observation 1: For urban scenario at 28GHz, Δ2 + Δ3 is 6.99 dB for DL/UL channels in RRC-connected mode. 
Similarly, the correction factors could be obtained for indoor scenarios. In Table 1 below, the correction factors in different scenarios are summarized. Note that, 64 DL SSB beams and 1 UL beam is assumed for channels in idle mode in the evaluation. 
Table 1 Beamforming gain for DL/UL channels in RRC connected mode and RRC-idle mode for FR2
	Scenario
	Ideal beamforming gain per TxRU
(dB)
	Antenna gain correction factors (dB)

	DL/UL channels in RRC connected mode in 28GHz indoor scenario
	24.08
	Δ1=0, Δ2+Δ3 = 5.47 

	DL/UL channels in RRC idle mode in 28GHz indoor scenario
	24.08
	Δ1=0, Δ2+Δ3 =12.19  

	DL/UL channels in RRC connected mode in 28GHz urban scenario
	27.09
	Δ1=0, Δ2+Δ3 = 6.99 

	DL/UL channels in RRC idle mode in 28GHz urban scenario
	27.09
	Δ1=0, Δ2+Δ3 =14.43


Proposal 2: Consider the antenna gain correction factors in Table 1 for link budget calculation in FR2. 
· Receiver interference density
[bookmark: OLE_LINK10][bookmark: OLE_LINK2]Interference density is highly dependent on the deployment scenarios and carrier frequency. In ITU self-evaluation, this value is only available for urban at 4GHz or rural at 700MHz. In order to get more accurate interference density for FR2, SLS is conducted. In the evaluation, the interference density values of the 5th percentile SINR UEs are provided. More detailed simulation assumptions are provided in Appendix B. 
The interference density values for the interested physical channels are provided in Table 2.
Table 2 Interference density for different physical channel
	[bookmark: OLE_LINK22][bookmark: OLE_LINK3]Physical Channel
	Scenario
	Interference density values of the 5th percentile SINR UEs

	PUSCH-eMBB
	Indoor scenario, 28GHz(ISD= 20)
	-160.80 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-168.93 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-169.91 

	MSG3
	Indoor scenario, 28GHz(ISD= 20)
	-164.42

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-167.6

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-171.84

	PUCCH
	Indoor scenario, 28GHz(ISD= 20)
	-164.81 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-170.76 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-173.04 

	PDCCH-unicast
	Indoor scenario, 28GHz(ISD= 20)
	-152.96 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-176.50 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-172.86 

	PDCCH-broadcast
	Indoor scenario, 28GHz(ISD= 20)
	-153.67 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-170.70 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-168.25 

	PBCH
	Indoor scenario, 28GHz(ISD= 20)
	-153.67 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-170.70 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-168.25 

	PDSCH-eMBB
	Indoor scenario, 28GHz(ISD= 20)
	-152.96 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-176.50 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-172.86 

	MSG4
	Indoor scenario, 28GHz(ISD= 20)
	-153.67 

	
	Urban scenario, 28GHz(ISD= 200,O2I)
	-170.70 

	
	Urban scenario, 28GHz(ISD= 200,O2O)
	-168.25 


Proposal 3: Consider the receiver interference density values in Table 2 for link budget calculation in FR2. 
· Penetration margin
For penetration margin calculation, Table 7.4.3-1 and Table 7.4.3-2 defined in TR 38.901, which is frequency and penetration material dependent, should be used. For urban scenario, 50% low-loss and 50% high-loss models can be considered.  The calculation based on Table 7.4.3-1 and 7.4.3-2 is shown in Table 3.


Table 3. Penetration margins for FR2
	Urban

	High
	Low
	50% High +50% Low

	44.20
	24.08
	34.14



For indoor case, the typical penetration margin is 0 dB. And for O2O case, the typical penetration margin is 9 dB according to TR 38.901.
Proposal 4: Consider the penetration margin with 34.14 dB for urban O2I, 9 dB for urban O2O, 0 dB for indoor scenario in FR2.
Evaluation results
· [bookmark: OLE_LINK5]Indoor at 28GHz
In Table 4, the evaluation results for indoor scenario at 28GHz are provided. In the evaluation, the following assumptions are used:
· Correction factors for antenna array gain: Using values in Table 1 above.
· Interference density: Using values in Table 2 above. 
· Penetration margins: 0 dB is assume for indoor scenario.
· Shadow fading margin: Reusing IMT-2020 values.
· For other MPL specific values: Reusing IMT-2020 values.
[bookmark: OLE_LINK8]Table 4 Evaluation results for indoor scenario at 28GHz
	Evaluation methodology
	Item
	PUSCH-eMBB
	MSG3
	PRACH B4
	MSG4    ACK
	PUCCH-2bits
	PUCCH-11bits
	PUCCH -22bits
	PDCCH-unicast
	PDCCH-broadcast
	PBCH
	PDSCH-eMBB
	MSG4

	[bookmark: OLE_LINK16][bookmark: OLE_LINK6]

	Required      SNR
	4.34 
	-2.01 
	-9.82 
	-5.35 
	-3.45 
	-0.90 
	1.71 
	-7.97 
	-7.97 
	-6.55 
	-1.88 
	-7.12 

	LLS based methodology
	MCL
	100.67 
	120.93 
	124.51 
	127.52 
	125.62 
	123.07 
	120.46 
	101.60 
	102.26 
	100.84 
	96.01 
	101.41 

	
	MIL
	128.28 
	141.82 
	145.40 
	148.41 
	153.23 
	150.68 
	148.07 
	129.21 
	123.14 
	121.72 
	123.62 
	122.29 

	
	MPL
	123.80 
	137.34 
	137.84 
	140.85 
	145.67 
	143.12 
	140.51 
	121.65 
	115.58 
	114.16 
	119.14 
	117.81 

	
	Target MPL with ISD=20
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82
	91.82

	[bookmark: OLE_LINK17][bookmark: OLE_LINK4]SLS based methodology
	5th  percentile SNR via SLS
	2.94
	1.31
	-3.18
	-
	0.24
	1.63
	2.81
	10.13
	10.5
	10.5
	10.13
	10.5

	
	Performance gap via SLS
	1.4
	[bookmark: OLE_LINK18]NAN
	NAN
	-
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN



For LLS based methodology, if the target is defined by MPL with ISD = 20m, no coverage enhancement is needed. For SLS based methodology, only PUSCH with eMBB  needs coverage enhancement.
Observation 2: In indoor scenario at 28GHz,
· for LLS based methodology, no channel needs coverage enhancement if the target is defined by MPL with ISD = 20m.
· for SLS based methodology, only PUSCH with eMBB  needs coverage enhancement.

· [bookmark: OLE_LINK9]Urban at 28GHz & O2I
In Table 5, the evaluation results for urban O2I scenario at 28GHz are provided. In the evaluation, the following assumptions are used:
· Correction factors for antenna array gain: Using values in Table 1 above.
· Interference density:  Using values in Table 2 above. 
· Penetration margins:  34.14 dB is assumed.
· Shadow fading margin:  Reusing IMT-2020 values.
· For other MPL specific values:  Reusing IMT-2020 values.
Table 5 Evaluation results for urban O2I scenario at 28GHz
	Evaluation methodology
	Item
	PUSCH-eMBB
	MSG3
	PRACH B4
	MSG4      ACK
	PUCCH-2bits
	PUCCH-11bits
	PUCCH -22bits
	PDCCH-unicast
	PDCCH-broadcast
	PBCH
	PDSCH-eMBB
	MSG4
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	Required      SNR
	3.61 
	-2.64 
	-10.10 
	-5.80 
	-4.13 
	-1.14 
	1.33 
	-8.10 
	-8.10 
	-6.70 
	1.35 
	-5.47 

	LLS based methodology
	MCL
	106.38 
	123.33 
	125.27 
	130.69 
	129.02 
	126.03 
	123.56 
	129.86 
	129.26 
	127.86 
	120.91 
	126.63 

	
	MIL
	135.48 
	144.98 
	146.93 
	152.35 
	158.12 
	155.13 
	152.66 
	158.96 
	150.92 
	149.52 
	150.01 
	148.29 

	
	MPL
	96.86 
	106.36 
	105.23 
	110.65 
	116.42 
	113.43 
	110.96 
	117.26 
	109.22 
	107.82 
	111.39 
	109.67 

	
	Target MPL with ISD=200m
	123.10
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 

	[bookmark: OLE_LINK19]SLS based methodology
	5th  percentile SNR via SLS
	-16.58
	-8.02
	-15.15
	-
	-3.39
	-2.9
	-1.87
	-6.76
	-7.27
	-7.27
	-6.76
	-7.27

	
	Performance gap via SLS
	20.19
	5.38
	5.05
	-
	NAN
	1.76
	3.2
	NAN
	NAN
	0.57
	8.11
	1.8



For LLS based methodology, if the target is defined by MPL with ISD = 200m, all the channels simulated need coverage enhancement.  For SLS based methodology, almost all the channels simulated need coverage enhancement except for PUCCH format 1 with 2bits and PDCCH.
Observation 3: In urban O2I scenario at 28GHz,
· for LLS based methodology, all channels need coverage enhancement if the target is defined by MPL with ISD = 200m. 
· for SLS based methodology, channels except for PUCCH format 1 with 2bits and PDCCH need coverage enhancement.

· Urban at 28GHz & O2O
In Table 6, the evaluation results for urban O2O scenario at 28GHz are provided. In the evaluation, the following assumptions are used:
· Correction factors for antenna array gain: Using values in Table 1 above.
· Interference density:  Using values in Table 2 above. 
· Penetration margins: 9 dB is assumed.
· Shadow fading margin:  Reusing IMT-2020 values.
· For other MPL specific values:  Reusing IMT-2020 values.

Table 6 Evaluation results for Urban 28GHz & O2O
	Evaluation methodology
	Item
	PUSCH-eMBB
	MSG3
	PRACH B4
	MSG4    ACK
	PUCCH-2bits
	PUCCH-11bits
	PUCCH -22bits
	PDCCH-unicast
	PDCCH-broadcast
	PBCH
	PDSCH-eMBB
	MSG4
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	Required      SNR
	6.44 
	-2.89 
	-10.22 
	-6.35 
	-4.70 
	-2.40 
	0.10 
	-7.83 
	-7.83 
	-9.11 
	7.58 
	-3.27 

	LLS based methodology
	MCL
	103.91 
	125.06 
	125.63 
	131.80 
	130.15 
	127.85 
	125.35 
	129.30 
	128.44 
	129.72 
	114.39 
	123.88 

	
	MIL
	133.01 
	146.72 
	147.29 
	153.46 
	159.25 
	156.95 
	154.45 
	158.40 
	150.10 
	151.38 
	143.49 
	145.54 

	
	MPL
	119.53 
	133.24 
	130.73 
	136.90 
	142.69 
	140.39 
	137.89 
	141.84 
	133.54 
	134.82 
	130.01 
	132.06 

	
	Target MPL with ISD=200m
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 
	123.10 

	[bookmark: OLE_LINK21]SLS based methodology
	5th  percentile SNR via SLS
	2.06
	4.16
	-2.61
	-
	2.23
	4.13
	5.96
	10.61
	9.76
	9.76
	10.61
	9.76

	
	Performance gap via SLS
	4.38
	[bookmark: OLE_LINK23]NAN
	NAN
	-
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN
	NAN



For LLS based methodology, if the target is defined by MPL with ISD = 200m, only PUSCH with eMBB needs coverage enhancement. For SLS based methodology, similar observation is found.
Observation 4: In urban O2O scenario at 28GHz, only PUSCH with eMBB needs coverage enhancement for both LLS and SLS based methodology.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: For urban scenario at 28GHz, Δ2 + Δ3 is 6.99 dB for DL/UL channels in RRC-connected mode.  
Observation 2: In indoor scenario at 28GHz,
· for LLS based methodology, no channel needs coverage enhancement if the target is defined by MPL with ISD = 20m.
· for SLS based methodology, only PUSCH with eMBB  needs coverage enhancement.
Observation 3: In urban O2I scenario at 28GHz,
· for LLS based methodology, all channels need coverage enhancement if the target is defined by MPL with ISD = 200m. 
· for SLS based methodology, channels except for PUCCH format 1 with 2bits and PDCCH need coverage enhancement.
Observation 4: In urban O2O scenario at 28GHz, only PUSCH with eMBB needs coverage enhancement for both LLS and SLS based methodology. 
Proposal 1: For link level simulation of PUCCH format 1 with 1-bit HARQ-ACK for Msg4 in FR2, reuse the simulation assumptions of normal PUCCH with assuming no PUCCH repetition.
Proposal 2: Consider the antenna gain correction factors in Table 1 for link budget calculation in FR2. 
Proposal 3: Consider the receiver interference density values in Table 2 for link budget calculation in FR2. 
Proposal 4: Consider the penetration margin with 34.14 dB for urban O2I, 9 dB for urban O2O, 0 dB for indoor scenario in FR2.
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Appendix-A LLS assumptions and results
A.1 LLS assumptions and results for PUSCH
Table A.1-1 Simulation assumption for baseline performance of PUSCH for FR2
	Parameters
	Values

	Scenario and frequency
	28GHz

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	Transmission bit rate for data channel (bit/s)
	5 Mbps for eMBB

	Subcarrier spacing
	120kHz

	System BW
	100MHz

	Channel model for link-level simulation
	TDL-A

	Delay Spread
	30ns for indoor, 100ns for urban

	UE velocity
	3 km/h, 30 km/h

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Number of TxRUs for BS
	2

	Number of UE Tx/Rx chains
	1T2R

	Occupied channel bandwidth
	30 PRBs

	PUSCH duration 
	14OS

	DMRS overhead
	Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data for O2I
Type I, 3 DMRS symbol (one front- loaded and one additional), no multiplexing data for O2O


	Frequency hopping
	 w/o frequency hopping

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	0.1

	Waveform
	DFT-s-OFDM 



A.2 LLS assumptions and results for MSG3
[bookmark: _GoBack]Table A.2-1 Simulation assumption for baseline performance of Msg3 for FR2
	Parameters
	Values

	Scenario and frequency
	28GHz

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	TBsize
	56bit

	Subcarrier spacing
	120kHz

	System BW
	100MHz

	Channel model for link-level simulation
	TDL-A

	Delay Spread
	30ns for indoor, 100ns for urban

	UE velocity
	3 km/h, 30 km/h

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Number of TxRUs for BS
	2

	Number of UE Tx/Rx chains
	1T2R

	Occupied channel bandwidth
	2 PRBs

	PUSCH duration 
	14OS

	DMRS overhead
	Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data for O2I
Type I, 3 DMRS symbol (one front- loaded and one additional), no multiplexing data for O2O


	Frequency hopping
	 w/o frequency hopping

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	0.1

	Waveform
	DFT-s-OFDM 



A.3 LLS assumptions and results for PUCCH
Table A.2-2 Simulation assumption for baseline performance of PUCCH for FR2
	Parameters
	Values

	Scenario and frequency
	28GHz

	Subcarrier spacing
	120kHz

	System BW
	100MHz

	Format type 
	Format 1: 2bits,
Format 3: 4bits, 11bits, 22bits. 

	Channel model for link-level simulation
	TDL-A

	Delay Spread
	30ns, 100ns

	UE velocity
	3 km/h

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Number of TxRUs for BS
	2

	Number of UE Tx/Rx chains
	1T2R

	Occupied channel bandwidth
	1 PRBs

	PUCCH duration 
	14OS

	DMRS overhead
	Pattern 1: additional DMRS for PUCCH format 3

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	DTX to ACK probability: 1% ; 
NACK to ACK probability: 0.1%; 
ACK missed detection probability: 1%; 
CSI block error probability: 1%



A.4 LLS assumptions and results for PDCCH
Table A.4-1 Simulation assumption for baseline performance of PDCCH for FR2
	Parameter
	Value

	Scenario
	Urban
	Indoor

	Delay Spread
	100 ns
	30 ns

	DCI payload (excluding 24bits CRC)
	40 bits

	Carrier Frequency
	28GHz

	UE speed
	O2I:3 km/h, O2O:120 km/h, 

	System bandwidth
	100MHz

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Subcarrier spacing
	120KHz

	Number of symbols for CORESET
	2

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel model
	TDL-A

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%



A.5 LLS assumptions and results for PBCH

Table A.5-1 Simulation assumption for baseline performance of PBCH for FR2
	Parameter
	Value

	Scenario
	Urban
	Indoor

	Carrier Frequency
	28GHz
	28GHz

	UE speed
	3,120 km/h
	3 km/h

	System bandwidth
	100MHz
	100MHz

	Number of BS antennas
	2Tx
	2Tx

	Number of UE antennas
	2Rx
	2Rx

	Subcarrier spacing
	120KHz
	120kHz

	Channel model
	TDL-A (delay spread: 100ns)
	TDL-A (delay spread: 30ns)

	PBCH payload (excluding 24bits CRC)
	32 bits

	Number of symbols for CORESET
	2

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%

	Number of interfering TRPs 
	0 TRP

	Combined number
	4 SSBs

	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




A.6 LLS assumptions and results for PRACH
Table A.6-1 Simulation assumption for baseline performance of PRACH for FR2
	Parameter
	Value

	Scenario and frequency
	28GHz

	Subcarrier spacing
	120kHz

	System BW
	100MHz

	Channel model for link-level simulation
	TDL-A

	Delay Spread
	30ns, 100ns

	UE velocity
	3 km/h, 30km/h

	Number of UE Tx/Rx chains
	2T2R

	Occupied channel bandwidth
	NR PRACH preamble format 0 : 6 RBs
NR PRACH preamble format 4B : 12 RBs

	Miss-detection target
	1%

	Preamble
	 NR PRACH preamble format 0 with Ncs = 167 , Logical sequence index = 22, v=2 for O2I and O2O
 NR PRACH preamble format B4 with Ncs = 13, Logical sequence index = 1, v=0 for O2O



A.7 LLS assumptions and results for PDSCH/Msg 4
Table A.7-1 Simulation assumption for baseline performance of PDSCH for FR2
	Parameters
	Values

	Scenario
	Urban
	Indoor

	Duplexing scheme and frequency
	28 GHz TDD
	28 GHz TDD

	Transmission bit rate for data channel (bit/s)
	25 Mbps
	25 Mbps

	Subcarrier spacing
	120kHz
	120kHz

	Channel model for link-level simulation
	TDL-A 
	TDL-A

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos

	Delay Spread
	100ns
	30ns

	UE velocity
	120 km/h for  O2O
3 km/h for O2I
	3 km/h

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	Number of TXRU for BS
	2

	Number of TRXU for UE
	2

	Payload for MSG4
	1000 bits

	PMI adaption
	ideal

	Channel estimation
	Practical

	Receiver type
	2D-MMSE

	BLER Target
	10%

	duration
	12 OS



Appendix-B SLS assumptions and results
Most of the simulation assumptions for SLS can reuse that of defined for LLS as above. In the following, SLS specific simulation assumptions are provided.
Table B-1 Simulation assumptions for system-level simulation for FR2
	Parameters
	Values

	Scenario
	Urban scenario
	Indoor scenario

	Layout
	Single layer - Macro lay: Hex. Grid
	120m x 50m

	Inter-BS distance
	200m
	20m

	Channel model
	UMa in TR 38.901
	Indoor-office in TR 38.901

	Min distance of UE2gNB
	35m
	0m for indoor
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