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Introduction
In the RAN#86 meeting, a new SID on NR coverage enhancement was approved [1]. One objective of this study item 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 meeting, the evaluation methodology and simulation assumptions were discussed and the output can be found in [2]. 
In this contribution, we further discuss the remaining evaluation assumptions and provide the baseline coverage performance for PUSCH, PUCCH, PDCCH, PBCH and PRACH in FR1. 
Discussion on LLS simulation assumptions
In this section, the pending simulation assumptions for FR1 are discussed. 
· Number of RF chains in LLS
In the RAN1#101-e meeting, the following assumptions were agreed on the number of TXRUs and RF chains for gNB. For 2.6 and 4 GHz, Option 2 assuming 64 RF chains in LLS would require significant simulation effort. In addition, the channel impulse response coefficients are independent for TDL channel, which is not that suitable for a large number RF chains in LLS. Thus, it would require additional efforts to model the correlation model. On the other hand, Option 1 with 2 or 4 RF chains is one simple way to go, and no correlation model is needed.
	gNB architectures to study:
· 2 or 4 TXRUs for 2GHz, 700 MHz 
· 64TxRUs for 2.6 and 4 GHz. 
· Optional: 32 TXRUs at 2 GHz
 gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB receive chains in LLS. FFS: correlation
· Option 2: Number of gNB receive chains = number of TXRUs in LLS. FFS: correlation


Proposal 1: Option 1 with 2 or 4 gNB receive chains in LLS for TDL is the baseline for gNB antenna assumption for 2.6 and 4 GHz in FR1.
· Number of DMRS symbols for 3km/h
On DMRS configuration of PUSCH, there was a working assumption on using one or two DMRS symbols for 3km/h. When the number of DMRS symbols is different, the chosen MCS may be different. For urban scenario, the target data rate is 1Mbps, and 30 PRBs is recommended as a starting point. For frame structure ‘DDDDDDDSUU’ for  2.6GHz, when DMRS symbol is one or two, the corresponding MCS is MCS#4 or MCS#5 respectively. But for the frame structure ‘DDDSUDDSUU’ for 4GHz, the MCS is MCS#3 for both one DMRS symbol and two DMRS symbols. 
As shown in Figure 2-1, we can find the performance of PUSCH without additional DMRS has better performance for the urban at 2.6GHz  because of  lower MCS level. And the performance of PUSCH with additional DMRS has better performance for urban at 4GHz.
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Figure 2-1: Performance comparison of PUSCH with and without additional DMRS
Thus, there are use cases for either one or two DMRS symbols for 3km/h. 
Proposal 2: Confirm the following working assumption: 
· For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
· DMRS configuration for PUCCH
On PUCCH simulation assumption, there is one FFS on number of DMRS symbols for PUCCH Format 3. As the simulation results shown in section A.3, we find the performance of PUCCH format 3 with additional DMRS (i.e. 4 DMRS symbols for 14-OS PUCCH) has better performance for the concerned scenarios. Thus, we have the following proposal. 
Proposal 3: Support additional DMRS (i.e. 4 DMRS symbols for 14-OS PUCCH) for link level simulation for PUCCH Format 3.
· PUSCH repetition Type B
The main characters of PUSCH repetition Type B is that it supports mini-slot based repetition and one nominal repetition can segment into multiple actual repetitions in case of across slot boundary or collision with invalid symbols. However, the PUSCH duration is assumed as 14 symbols in LLS. In such case, there is no performance difference between different repetition types. Thus, no need to consider PUSCH repetition Type B specifically for simulation purpose.
Observation 1: There is no performance difference between different PUSCH repetition types if 14-symbol PUSCH duration is assumed.
Proposal 4: No need to consider PUSCH repetition Type B specifically for simulation purpose.
· BLER target for PDCCH/CSI
For PDCCH BLER target, it is still pending on whether additionally consider 10% BLER. In our view, a low target BLER for PDCCH will have a great impact on system efficiency. Because once PDCCH is missed, a UE will be not aware of whether there is DL/UL transmission. Corresponding PDSCH/PUSCH re-transmission cannot be triggered in PHY layer. In addition, it will impact on PUCCH resource determination. This will decrease the HARQ-ACK BLER down to around 10%, meaning 1% target BLER for HARQ-ACK cannot be guaranteed.
Proposal 5: No need to consider 10% BLER for PDCCH evaluation.
· BLER target for CSI
In the RAN1#101-e meeting, there is one FFS on CSI BLER. In our view, it’s sufficient to only evaluate the HARQ-ACK performance, which is more important and requires more stringent requirement, e.g., 0.1% for NACK to ACK probability.
Proposal 6: No need to evaluate CSI performance.
Discussion on parameters for IMT-2020 link budget 
As discussed in our companion contribution [3], ITM-2020 based link budget template, which contains more detailed influencing factors, can provide more meaningful information than the MCL based template. We can gain more insights into real network deployment. In the following, we provide our views on some of the parameters in ITM-2020 link budget template. For other parameters, the values used in ITU self-evaluation can be reused.  
· Total transmit power for DL channels.
In ITU self-evaluation, the total transmit power for DL channels is based on the whole system BW, which is the maximum limit of gNB transmission power. But it seems not correct because the actual DL transmission power is based on the occupied BW and power spectrum density (PSD). For instance, the total transmit power for PDCCH should be the accumulated power in occupied BW, e.g. 48 RBs. A typical PSD is 33 dBm/MHz. 
Proposal 7: The total transmit power for DL channels is based on the occupied BW and power spectrum density. 
· A power spectrum density of 33 dBm/MHz can be used. 
· Transmitter/Receiver array gain 
In the RAN1#101-e meeting, the following agreements were reached on antenna array gain. As discussed in [3], our preference is Option 1. Since the number of RF chains (denoted as k) could be different with the number of TxRUs  (denoted as N) as discussed in Proposal 1 above, the antenna array gain should be split into two parts. One is the digital gain of mapping RF chains to TxRUs, which can be ideally modeled as 10*log(N/k). Assuming the number of antenna elements is M, the ideal beamforming gain for unicast channles is 10*log(M/N). However, the UE would most possibly not in the bore sight of a beam. A beam loss is expected. Thus, the beamforming gain can be formulated as,
                       Antenna array gain = 10*log(N/k) + 10*log(M/N) - Δ                                                 (1)
As mentioned,  Δ could be regarded as zero ideally. But, an more accurate way to get the actual beamforming gain (i.e. 10*log(M/N) - Δ) is via SLS. Note that, the digital precoding gain via RF chains could be reflected in LLS. 
	Agreements:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model


Proposal 8:  The antenna array gain for unicast channels can be modeled as 10*log(N/k) + 10*log(M/N) - Δ, where k, M and N is the number of RF chains, TxRUs and antenna elements respectively.
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS.  
For broadcast channels, the beamforming gain is not only limited by the number of elements per TxRU but also limited by SSB beam number (denoted as X). The ideal beamforming gain is 10*log(min(X, M/N)). Similarly, a beam loss is expected.
Proposal 9:  The antenna array gain for broadcast channels can be modeled as 10*log(min(X, M/N)) - Δ, where X is the number of SSB beams. 
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS. 
For SLS based method, the beamforming can be more accurately modeled. In Table 1, the beamforming gain for unicast and broadcast channels for some scenarios in FR1 is provided.
Table 1 Beamforming gain for unicast and broadcast channels for FR1
	Scenario
	Ideal beamforming gain per TxRU
(dB)
	95th percentile beamforming gain per TxRU
(dB)
	Beam gain loss Δ
(dB)

	Broadcast channel in 700MHz rural scenario with 2Rx
	6.02
	3.73
	2.29

	Broadcast channel in 4GHz urban scenario with 4Rx
	3.01
	1.96
	1.05

	Unicast channel in 700MHz rural scenario with 2Rx
	9.03
	5.23
	3.8

	Unicast channel in 4GHz urban scenario with 4 Rx
	3.01
	1.93
	1.08



· Receiver interference density
Interference density is highly dependent on the deployment scenarios and carrier frequency. In ITU self-evaluation, this value is available for urban at 4GHz or rural at 700MHz. However, it’s unclear how these values have been acquired, e.g, based on what ISD assumption. In addition, the values for urban or rural scenario at other other frequencies (e.g. 2.6 GHz) are not available.  The only way to get this value accurately seems to apply SLS. As an example, the interference density for some of the scenarios for PUSCH carrying eMBB is provided in Table 2. 
Table 2 Interference density for PUSCH carrying eMBB
	Scenario
	# of TxRU
	5th percentile  interference density
	50th percentile interference density
	95th percentile interference density

	
	
	
	
	

	Rural scenario, 700MHz(ISD= 1732，O2O)
	2
	-181.77
	-170.45
	-161.60

	Urban scenario, 2.6GHz(ISD= 500，O2I)
	64
	-187.47
	-177.57
	-170.82

	Urban scenario, 4GHz(ISD= 500，O2I)
	64
	-188.27
	-178.92
	-172.65


Proposal 10: Receiver interference density for FR1 can reuse the values from ITU self-evaluation if available, or via SLS.
· Penetration margin
In ITU self-evaluation, the penetration margin for O2I is based on the model in Table 7.4.3-3 of TR 38.901. However, this model is only for backwards compatibility purpose. More accurate model in Table 7.4.3-1 and Table 7.4.3-2 of 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. Only the low-loss model is applicable to rural scenario. In Table 3, the penetration margins for different O2I cases are given.
Table 3. Penetration margins for different O2I cases
	Fc
	4G (Urban)
	2.6G (Urban)
	4G (Rural)
	2.6G (Rural)
	2G (Rural)
	700MHz(Rural)

	ITU Template
	26.25
	-
	-
	-
	-
	12.5

	TR 38.901
	26.68
	24.56
	19.13
	18.51
	14.33
	12.74



For O2O case, the typical penetration margin is 9 dB according to TR 38.901, which aligns with the assumptions in ITU self-evaluation.
Proposal 11: For penetration margin determination for O2I case, a more accurate model as in Table 7.4.3-1 and Table 7.4.3-2 of TR 38.901 should be used. 
Evaluation results
1.1 PUSCH evaluation
In Figure 4-1, the evaluation results for PUSCH carrying eMBB in terms of performance gap for enhancement are provided for both link budget based and SLS based methodology. As can be observed, enhancement is overall needed for the PUSCH carrying eMBB. For link budget based methodology, PUSCH enhancement is needed for both urban scenario with ISD =500m and rural scenario with ISD =1732m. For SLS based methodology, PUSCH enhancement is needed for rural scenario with ISD =6000m and long distance rural with ISD =30000m.
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Figure 4-1: Performance gap for PUSCH eMBB, link budget based (left ) and SLS based (right )
Proposal 12: For FR1, enhancement is needed for PUSCH carrying eMBB service. 
In Figure 4-2, the evaluation results for PUSCH carrying VoIP are provided for both link budget based and SLS based methodology. As can be observed, the results from both methodologies are mostly aligned. Enhancement is overall needed in case of rural scenario at 700MHz with ISD =6000m and long distance rural with ISD =30000m.
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Figure 4-2: Performance gap for PUSCH VoIP, link budget based (left ) and SLS based (right )
Proposal 13: For FR1, enhancement is needed for PUSCH carrying VoIP service.  

1.2 PUCCH evaluation
The evaluation results for PUCCH carrying 11 bits are 22 bits are provided for both link budget based and SLS based methodology in Figure 4-3 and Figure 4-4 respectively. As can be observed, enhancement is overall needed for the PUCCH. For link budget based methodology, PUCCH enhancement is needed for rural scenario with ISD =1732m. For SLS based methodology, PUCCH enhancement is needed for rural scenario with ISD =6000m and long distance rural with ISD =30000m.
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Figure 4-3: Performance gap for PUCCH with 11bits,  link budget based (left ) and SLS based (right )
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Figure 4-4: Performance gap for PUCCH with 22bits, link budget based (left ) and SLS based (right )
Proposal 14: For FR1, PUCCH  enhancement is needed at least in rural scenario. 

1.3 PDCCH evaluation
The evaluation results for unicast PDCCH and broadcast PDCCH are provided in Figure 4-5 and Figure 4-6 respectively. For unicast PDCCH, 3.6dB enhancement is needed in case of rural scenario with ISD=6000m for link budget based methodology, while no enhancement is needed for SLS based methodology. For broadcast PDCCH, enhancement is needed for rural scenario with ISD=6000m for both methodologies.
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Figure 4-5: Performance gap for unicast PDCCH, link budget based (left ) and SLS based (right )
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Figure 4-6: Performance gap for broadcast PDCCH, link budget based (left ) and SLS based (right )
Proposal 15: For FR1, unicast/broadcast PDCCH enhancement is needed at least in rural scenario with ISD =6000m. 

1.4 Msg3 evaluation
The evaluation results for Msg3 are provided for both link budget based and SLS based methodology in Figure 4-7. As can be observed, the results from both methodologies are mostly aligned. Enhancement is needed in case of rural scenario at 700MHz with ISD =6000m and long distance rural with ISD =30000m.
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Figure 4-7: Performance gap for MSG3, link budget based (left ) and SLS based (right )
Proposal 16: For FR1, Msg3  enhancement is needed at least in rural scenario with ISD =6000m and long distance rural with ISD =30000m.
[bookmark: _GoBack]
1.5 PRACH evaluation
The evaluation results for PRACH are provided for both link budget based and SLS based methodology in Figure 4-8. As can be observed, the results from both methodologies are mostly aligned. In general, enhancement is needed in case of O2I rural scenario at 700MHz with ISD =1732m, and O2O rural scenario at 700MHz with ISD =6000m
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Figure 4-8: Performance gap for PRACH, link budget based (left ) and SLS based (right )
Proposal 17: For FR1, PRACH enhancement is needed for at least in rural scenario.

1.6 PBCH evaluation
The evaluation results for PBCH are provided for both link budget based and SLS based methodology in Figure 4-9. As can be observed, the results from both methodologies are mostly aligned. Though there is marginal enhancement (0.5dB) based on link budget methodology for PBCH, overall no enhancement is needed for PBCH. 
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Figure 4-9: Performance gap for PBCH, link budget based (left ) and SLS based (right )
Proposal 18: No need to enhance PBCH in FR1. 

1.7 PDSCH evaluation
The evaluation results for PDSCH are provided for both link budget based and SLS based methodology in Figure 4-10. As can be observed, the results from both methodologies are mostly aligned. And no enhancement is needed for PDSCH in FR1. 
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Figure 4-10: Performance gap for PDSCH eMBB, link budget based (left ) and SLS based (right )
Proposal 19: No need to enhance PDSCH in FR1. 

1.8 Msg4 evaluation
The evaluation results for Msg 4 are provided for both payload 1000bits and 3000bits in Figure 4-11 and Figure 4-12 respectively. As can be observed, the results from both methodologies are mostly aligned. Basically, no enhancement is needed in urban and rural scenario with ISD =1732m. But enhancement is needed for rural scenario with ISD =6000m. 
[image: ][image: ]
Figure 4-11: Performance gap for MSG4 with 1000bits, link budget based (left ) and SLS based (right )
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Figure 4-12: Performance gap for Msg4 with 3000bits, link budget based (left ) and SLS based (right )
Proposal 20: For FR1, enhancement is needed for Msg 4 at least in rural scenario with ISD=6000m. 

Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: There is no performance difference between different PUSCH repetition types if 14-symbol PUSCH duration is assumed.
Proposal 1: Option 1 with 2 or 4 gNB receive chains in LLS for TDL is the baseline for gNB antenna assumption for 2.6 and 4 GHz in FR1.
Proposal 2: Confirm the following working assumption: 
· For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
Proposal 3: Support additional DMRS (i.e. 4 DMRS symbols for 14-OS PUCCH) for link level simulation for PUCCH Format 3.
Proposal 4: No need to consider PUSCH repetition Type B specifically for simulation purpose.
Proposal 5: No need to consider 10% BLER for PDCCH evaluation.
Proposal 6: No need to evaluate CSI performance.
Proposal 7: The total transmit power for DL channels is based on the occupied BW and power spectrum density. 
· A power spectrum density of 33 dBm/MHz can be used. 
Proposal 8:  The antenna array gain for unicast channels can be modeled as 10*log(N/k) + 10*log(M/N) - Δ, where k, M and N is the number of RF chains, TxRUs and antenna elements respectively.
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS.  
Proposal 9:  The antenna array gain for broadcast channels can be modeled as 10*log(min(X, M/N)) - Δ, where X is the number of SSB beams. 
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS. 
Proposal 10: Receiver interference density for FR1 can reuse the values from ITU self-evaluation if available, or via SLS.
Proposal 11: For penetration margin determination for O2I case, a more accurate model as in Table 7.4.3-1 and Table 7.4.3-2 of TR 38.901 should be used. 
Proposal 12: For FR1, enhancement is needed for PUSCH carrying eMBB service. 
Proposal 13: For FR1, enhancement is needed for PUSCH carrying VoIP service.  
Proposal 14: For FR1, PUCCH  enhancement is needed at least in rural scenario. 
Proposal 15: For FR1, unicast/broadcast PDCCH enhancement is needed at least in rural scenario with ISD =6000m. 
Proposal 16: For FR1, Msg3  enhancement is needed at least in rural scenario with ISD =6000m and long distance rural with ISD =30000m.
Proposal 17: For FR1, PRACH enhancement is needed for at least in rural scenario.
Proposal 18: No need to enhance PBCH in FR1. 
Proposal 19: No need to enhance PDSCH in FR1. 
Proposal 20: For FR1, enhancement is needed for Msg 4 at least in rural scenario with ISD=6000m. 
Reference
[1] [bookmark: OLE_LINK7][bookmark: _Ref427157992]3GPP, RAN#86, RP-193240 New SID on NR coverage enhancement, China Telecom. 
[2] 3GPP, RAN1#101-e Chairman’s notes. 
[3] 3GPP, RAN1#102-e, R1-2005430, Discussion on evaluation methodology for NR coverage, ZTE.
[4] 3GPP, TR 25.912, Feasibility study for evolved Universal Terrestrial Radio Access (UTRA) and Universal Terrestrial Radio Access Network (UTRAN).
[5] 3GPP, RAN1#101-e, R1-2003338, Discussion on baseline coverage performance for FR1, ZTE.

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 FR1
	Parameters
	Values

	Scenario
	Urban , O-to-I
	Rural,  O-to-O or , O-to-I
	Rural with long distance, O-to-O

	Duplexing scheme and frequency
	2.6GHz/4GHz TDD 
	2.6GHz/4GHz TDD
700MHz /2GHz FDD
	700MHz FDD

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U) for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) for 2.6GHz

	Transmission bit rate for data channel (bit/s)
	1 Mbps for eMBB
12.2 kbps for VoIP
	100 kbps for eMBB
12.2 kbps for VoIP
	100 kbps for eMBB
12.2 kbps for VoIP

	Subcarrier spacing
	30kHz
	30kHz for TDD and 15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C
	TDL-D

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos
	Los

	Delay Spread
	300ns
	300ns
	30ns

	UE velocity
	3 km/h
	120 km/h for  O-to-O
3 km/h for O-to-I
	120 km/h

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2/4
	2/4
	2/4

	Number of UE antennas
	2 
	1
	1

	Number of TRXU for UE
	2  with PMI adaption
	1
	1

	Occupied channel bandwidth
	30
	4
	4

	DMRS overhead
	- For 3km/h & 2.6GHz: Type I, one DMRS symbol, no multiplexing with data.
- For other case: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data

	Frequency hopping
	- For Rural and Rural with long distance scenario : w/ frequency hopping
- For Urban scenario :  w/o frequency hopping

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	10% iBLER for eMBB
2%rBLER for VoIP, maximum # of retransmission is 3 for repetition number 1 and 4; maximum # of retransmission is 1 for repetition number 8.

	Waveform
	DFT-s-OFDM 



Table A.1-2 Simulation results for eMBB baseline performance of PUSCH for FR1
	Scenario
	Number of RBs
	# RF chains
	Required SNR (dB) 

	
	
	
	

	Urban scenario, 4GHz_O-to-I
	30
	2Rx
	-4.05

	
	
	4Rx
	-7.07

	Urban scenario, 2.6GHz_O-to-I
	30
	2Rx
	-2.14

	
	
	4Rx
	-4.85

	Rural scenario, 700MHz_O-to-O
	4
	2Rx
	-3.26

	
	
	4Rx
	-6.94

	Rural scenario, 2GHz_O-to-O
	4
	2Rx
	-3.46

	
	
	4Rx
	-6.89

	Rural scenario. 2GHz_O-to-I
	4
	2Rx
	-3.11

	
	
	4Rx
	-6.9

	Rural scenario, 4GHz_O-to-O
	4
	2Rx
	-0.55

	
	
	4Rx
	-5.4

	Rural scenario. 4GHz_O-to-I
	4
	2Rx
	-1.19

	
	
	4Rx
	-5.23

	Rural scenario, 2.6GHz_O-to-O
	4
	2Rx
	-0.04

	
	
	4Rx
	-4.63

	Rural scenario. 2.6GHz_O-to-I
	4
	2Rx
	-0.2

	
	
	4Rx
	-4.4

	Long distance rural scenario,
700MHz_O-to-O
	4
	2Rx
	-6.18

	
	
	4Rx
	-9.08



Table A.1-3 Simulation results for VoIP baseline performance of PUSCH for FR1
	Scenario
	Number of RBs
	# of receiving antenna ports
	# of repetitions
	 Max. # of re-transmissions (including initial transmission )
	Required SNR (dB) with 2Rx

	Urban scenario, 4GHz_O-to-I
	4
	2
	8
	4
	-7.96

	
	4
	4
	1
	4
	-3.98

	
	4
	4
	8
	4
	-11.16

	Urban scenario, 2.6GHz_O-to-I
	4
	2
	8
	4
	-7.46

	
	4
	4
	8
	4
	-11.05

	Rural scenario, 700MHz_O-to-O
	4
	2
	1
	4
	-1.7

	
	4
	2
	8
	4
	-10.68

	
	4
	4
	8
	4
	-13.7

	Rural scenario,
2GHz_O-to-O
	4
	2
	1
	4
	-1.74

	
	4
	2
	8
	4
	-10.79

	
	4
	4
	8
	4
	-13.63

	Long distance rural scenario, 700MHz_O-to-O
	4
	2
	1
	4
	-3.24

	
	4
	2
	8
	4
	-12.05

	
	4
	4
	8
	4
	-14.31



A.2 LLS assumptions and results for MSG3
Table A.2-1 Simulation assumption for baseline performance of PUSCH for FR1
	Parameters
	Values

	Scenario
	Urban , O-to-I
	Rural,  O-to-O
	Rural with long distance, O-to-O

	Duplexing scheme and frequency
	4GHz TDD 
	700MHz FDD
	700MHz FDD

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U) for 4GHz 

	TBsize
	56bit

	Subcarrier spacing
	30kHz
	15kHz
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C
	TDL-D

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos
	Los

	Delay Spread
	300ns
	300ns
	30ns

	UE velocity
	3 km/h
	120 km/h
	120 km/h

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2/4
	2/4
	2/ 4

	Number of UE antennas
	2
	1
	1

	Number of TRXU for UE
	2  with PMI adaption
	1
	1

	Occupied channel bandwidth
	2
	2
	2

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

	Frequency hopping
	- For Rural and Rural with long distance scenario : w/ frequency hopping
- For Urban scenario :  w/o frequency hopping

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	10% iBLER 

	Waveform
	DFT-s-OFDM 



Table A.2-2 Simulation results for baseline performance of MSG3 for FR1
	Scenario
	Number of RBs
	# RF chains
	Required SNR (dB)

	
	
	
	

	Urban scenario, 4GHz_O-to-I
	2
	2Rx
	-3.05

	
	2
	4Rx
	-7.33

	Rural scenario, 700MHz, O-to-O
	2
	2Rx
	-3.47

	
	2
	4Rx
	-7.78

	Long distance Rural scenario, 
700MHz, O-to-O
	2
	2Rx
	-6.4

	
	2
	4Rx
	-9.68




A.3 LLS assumptions and results for PUCCH
Table A.3-1 Simulation assumption for baseline performance of PUCCH for FR1
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	2.6GHz/4GHz TDD
	2.6G/4GHz TDD
700MHz/2GHz FDD
	700MHz FDD

	Subcarrier spacing
	30kHz
	30kHz for TDD and 15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C
	TDL-D

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos
	Los

	Delay Spread
	300ns
	300ns
	30ns

	UE velocity
	3 km/h
	120 km/h for  O-to-O
3 km/h for O-to-I
	120 km/h

	Number of UE antennas
	1

	Number of BS antennas
	2/4

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

	Occupied channel bandwidth
	1 PRBs

	PUCCH duration
	14OS

	DMRS overhead
	Pattern 0: No additional DMRS for PUCCH format 3
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%; and CSI block error probability: 1%



Table A.3-2 Simulation results for baseline performance of PUCCH for FR1
	Scenario
	# of UCI bits
	Required SNR (dB)

	
	
	2Rx
	4Rx

	
	
	Pattern0
	Pattern1
	Pattern0
	Pattern1

	Urban scenario, 
2.6GHz O-to-I
	2
	-6.10
	/
	-10.34
	/

	
	11
	-3.12
	-3.95
	-7.32
	-8.60

	
	22
	-1.03
	-1.22
	-5.8
	-6.08

	Urban scenario, 
4GHz O-to-I
	2
	-6.02
	/
	-10.3
	/

	
	11
	-3.20
	-3.97
	-7.30
	-8.57

	
	22
	-0.94
	-1.20
	-5.66
	-6.05

	Rual scenario, 
700MHz  O-to-O
	2
	-6.02
	-
	-10.00
	-

	
	11
	-3.20
	-3.97
	-7.74
	-8.8

	
	22
	-0.80
	-1.26
	-5.62
	-

	Rual scenario, 
2GHz O-to-I
	2
	-6.1
	/
	-10.3
	/

	
	11
	-3.42
	-4.1
	-7.62
	-8.68

	
	22
	-1.18
	-1.27
	-5.62
	-6.0

	Rual scenario, 
2GHz  O-to-O
	2
	-6.1
	/
	-10.3
	/

	
	11
	-3.26
	-4.07
	-7.67
	-8.68

	
	22
	-0.97
	-1.58
	-5.5
	-6.12

	Rual scenario, 
2.6GHz O-to-I
	2
	-6.1
	/
	-10.3
	/

	
	11
	-3.1
	-3.95
	-7.3
	-8.60

	
	22
	-1.01
	-1.22
	-5.8
	-6.08

	Rual scenario, 
2.6GHz  O-to-O
	2
	-6.10
	/
	-10.2
	/

	
	11
	-3.40
	-4.62
	-7.7
	-8.62

	
	22
	-0.80
	-1.76
	-5.60
	-6.14

	Rual scenario, 
4GHz O-to-I
	2
	-6.00
	/
	-10.3
	/

	
	11
	-3.20
	-3.97
	-7.30
	-8.57

	
	22
	-0.94
	-1.20
	-5.66
	-6.05

	Rual scenario, 
4GHz  O-to-O
	2
	-6.1
	/
	-10.3
	/

	
	11
	-3.35
	-4.6
	-7.62
	-8.6

	
	22
	-0.63
	-1.74
	-5.50
	-6.1

	Rual with long distance scenario, 
700MHz  O-to-O
	2
	-8.45
	/
	-11.2
	/

	
	11
	-6.35
	-7.37
	-9.22
	-10.2

	
	22
	-4.6
	-4.93
	-7.49
	-8.14



A.4 LLS assumptions and results for PDCCH
Table A.4-1 Simulation assumption for baseline performance of PDCCH for FR1
	Parameter
	Value

	Scenario
	Urban
	Rural

	DCI payload (excluding 24bits CRC)
	40 bits for fallback DCI, 30 bits for compact DCI

	Carrier Frequency
	4GHz
	700MHz

	UE speed
	3 km/h 
	120 km/h

	System bandwidth
	40MHz
	20MHz

	Number of BS antennas
	4Tx
	2Tx

	Number of UE antennas
	4Rx
	2Rx

	Subcarrier spacing
	30KHz
	15kHz

	Number of symbols for CORESET
	2

	Transmission type
	Interleaved(R=3 for 3OS,others,R=2)

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel model
	TDL-C (delay spread: 300ns)

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%



Table A.4-2 Simulation results for baseline performance of PDCCH for FR1
	Scenario
	# of DCI bits
	# RF chains
	Required SNR (dB) 

	
	
	
	

	Urban scenario 4GHz_O2I
	40
	4
	AL=16
	-11.40

	Rural scenario 700M_O2O
	40
	2
	AL=16
	-7.43


A.5 LLS assumptions and results for PBCH
Table A.5-1 Simulation assumption for baseline performance of PBCH for FR1
	Parameter
	Value

	Scenario
	Urban
	Rural

	Carrier Frequency
	4GHz
	700MHz

	UE speed
	3 km/h 
	120 km/h

	System bandwidth
	40MHz
	20MHz

	Number of BS antennas
	2,4Tx
	2Tx

	Number of UE antennas
	2,4Rx
	2Rx

	Subcarrier spacing
	30KHz
	15kHz

	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 model
	TDL-C (delay spread: 300ns)

	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



Table A.5-2 Simulation results for baseline performance of PBCH for FR1
	Scenario
	PBCH payload size
	# RF chains
	Required SNR (dB) 

	
	
	
	

	Urban scenario 4GHz_O2I
	32
	2
	-7.27

	
	
	4
	-12.70

	Rural scenario 700M_O2O
	32
	2
	-9.41



A.6 LLS assumptions and results for PRACH
Table A.6-1 Simulation assumption for baseline performance of PRACH for FR1
	Parameter
	Value

	Scenario
	Rural

	Carrier Frequency
	2GHz /700MHz

	UE speed
	3 km/h /120 km/h

	System bandwidth
	5MHz

	Number of BS antennas
	2Rx

	Number of UE antennas
	2Tx

	Subcarrier spacing
	15kHz

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

	Channel model
	TDL-C (delay spread: 300ns)

	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 = 19, Logical sequence index = 1, v=0 for O2O



Table A.6-2 Simulation results for baseline performance of PRACH for FR1
	Scenario
	Format
	# RF chains
	Required SNR (dB) 

	
	
	
	

	Urban scenario 4GHz_O2I
	0
	2
	-6.69

	Rural scenario 2GHz_O2I
	0
	2
	-7.23

	Rural scenario 700M_O2O
	0
	2
	-7.44

	
	B4
	
	-9.66



A.7 LLS assumptions and results for PDSCH/Msg 4
Table A.7-1 Simulation assumption for baseline performance of PDSCH for FR1
	Parameters
	Values

	Scenario
	Urban , O-to-I
	Rural, O-to-O or , O-to-I

	Duplexing scheme and frequency
	4GHz TDD
	700MHz FDD

	Subcarrier spacing
	30kHz
	15kHz

	Channel model for link-level simulation
	TDL_C
	TDL_C

	Pathloss model
(select from LoS or NLoS)
	NLos
	NLos

	Delay Spread
	300ns
	300ns

	UE velocity
	3 km/h
	120 km/h for O-to-O
3 km/h for O-to-I

	Number of TXRU for BS
	2, 4
	2, 4

	Number of TRXU for UE
	2, 4
	2, 4

	PMI adaption
	ideal
	ideal

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target
	10%

	duration
	12/14 OS



Table A7-2 Simulation results for baseline performance of PDSCH for FR1
	Simulation cases
	# of RB
	MCS 
(Target SE)
	# RF chains
	Required SNR (dB)
	Actual data rate/ Mbps

	Urban scenario_4GHz_O-to-I
	246
	MCS 2 (0.3770)
	2Rx
	-6.20
	10.0161

	
	
	
	4Rx
	-10.95
	

	Rural scenario_700MHz_O-to-O
	44
	MCS 0 (0.2344)
	2Rx
	-5.87
	1.0025

	
	
	
	4Rx
	-9.84
	

	Rural scenario_700MHz_O-to-I
	40
	MCS 0 (0.2344)
	2Rx
	-8.42
	1.0126

	
	
	
	4Rx
	-13.37
	



Table A.7-3 Simulation results for baseline performance of Msg.4 for FR1
	Simulation cases
	# of RB
	MCS (Target SE)
	# RF chains
	Required SNR (dB)

	12 OS
	1000bits
	Urban scenario_4GHz_O-to-I
	72
	MCS 0 (0.2344)
	2Rx
	-8.40

	
	
	
	
	
	4Rx
	-12.57

	
	
	Rural scenario_700MHz_O-to-O
	40
	MCS 0 (0.2344)
	2Rx
	-5.75

	
	
	
	
	
	4Rx
	-9.82

	
	
	Rural scenario_700MHz_O-to-I
	36
	MCS 0 (0.2344)
	2Rx
	-8.36

	
	
	
	
	
	4Rx
	-13.63

	
	3000bits
	Urban scenario_4GHz_O-to-I
	214
	MCS 0 (0.2344)
	2Rx
	-8.31

	
	
	
	
	
	4Rx
	-13.13

	
	
	Rural scenario_700MHz_O-to-O
	119
	MCS 0 (0.2344)
	2Rx
	-6.48

	
	
	
	
	
	4Rx
	-10.22

	
	
	Rural scenario_700MHz_O-to-I
	107
	MCS 0 (0.2344)
	2Rx
	-8.80

	
	
	
	
	
	4Rx
	-13.26




Appendix-B SLS assumptions
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 FR1
	Parameters
	Urban scenario
	Rural scenario

	Layout
	Single layer - Macro layer: Hex. Grid

	Channel model 
	UMa in TR 38.901
	RMa in TR 38.901

	Min distance of UE2gNB
	35m
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