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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 FR2, where the scenarios include urban/suburban scenario and indoor 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 in FR2. 
Discussion on LLS simulation assumptions
· 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. As the results shown in [3] for FR1, the performance of one DMRS symbol is better if a lower MCS is chose due to low DMRS overhead. Otherwise, the performance of two DMRS symbols is better. Similar situation is expected for FR2. 
Thus, there are use cases for either one or two DMRS symbols for 3km/h. 
Proposal 1: 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. According the simulation results in Table A.3-2 in the appendix A.2, we find the performance of PUCCH format 3 with additional DMRS (i.e. 4 DMRS symbols for 14-OS PUCCH) provides about 0.4dB~1dB gain for the concerned scenarios. 
Proposal 2: 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 3: No need to consider PUSCH repetition Type B specifically for simulation purpose.
· BLER target for PDCCH
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 4: No need to consider 10% BLER for PDCCH evaluation.
· PUCCH format and duration
For PUCCH assumption, it is an FFS to whether additionally consider 4-symbol PUCCH or even PUCCH Format 0/2. In coverage limited scenario, the typical PUCCH configuration is 14-symbol PUCCH with PUCCH format 1 or 3. We don’t see clear motivation for PUCCH evaluation with shorter duration. To keep simulation work manageable, we have the following proposal. 
Proposal 5: No need to consider 4-symbol or even shorter duration for PUCCH evaluation.
Discussion on link budget parameters
As discussed in our companion contribution [4], 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.  
· BS antenna heights
BS antenna heights have impacts on the path loss calculation, and should be determined for FR2. According to TR 38.802, the BS antenna heights (m) for FR2 is 3m for indoor hotspot, 25m for urban & suburban. This can be applied in the link budget template.
Proposal 6: The BS antenna heights (m) for FR2 is 3m for indoor hotspot, 25m for urban & suburban.
· 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 36 dBm/MHz for urban/suburban and 23 dBm/MHz for indoor scenario. 
Proposal 7: The total transmit power for DL channels is based on the occupied BW and power spectrum density. 
· Transmitter/Receiver array gain 
In the RAN1#101-e meeting, the following agreements were reached on antenna array gain. As discussed in [4], 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 FR2 is provided.
Table 1 Beamforming gain for unicast and broadcast channels for FR2
	Scenario
	Ideal beamforming gain per TxRU
(dB)
	95th percentile beamforming gain per TxRU
(dB)
	Beam gain loss Δ
(dB)

	Broadcast channel in urban scenario 
	24.08
	18.04
	6.04

	Unicast channel in urban scenario 
	27.09
	19.8
	7.29



· 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. 
Proposal 10: Receiver interference density for FR1 can reuse the values from ITU self-evaluation if available, or via SLS.
· 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 2.
Table 2. Penetration margins for FR2
	Urban

	High
	Low
	50% High +50% Low

	17.83
	37.95
	27.89



For indoor case, the typical penetration margin is 0 dB.
Proposal 11: For penetration margin determination for urban 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
In Figure 1, the evaluation results for PUSCH and PUCCH in urban scenario are provided for both link budget based and SLS based methodology. As can be observed, the results from both methodologies are mostly aligned. In general, enhancement is needed for both PUSCH and PUCCH in urban scenario with ISD =200m.
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Figure 1: Performance gap for PUSCH and PUCCH, link budget based (left ) and SLS based (right )
Proposal 12: For FR2, PUSCH and PUCCH enhancement is needed in urban scenario with ISD =200m. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Confirm the following working assumption: 
· For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
Proposal 2: Support additional DMRS (i.e. 4 DMRS symbols for 14-OS PUCCH) for link level simulation for PUCCH Format 3.
Observation 1: There is no performance difference between different PUSCH repetition types if 14-symbol PUSCH duration is assumed.
Proposal 3: No need to consider PUSCH repetition Type B specifically for simulation purpose.
Proposal 4: No need to consider 10% BLER for PDCCH evaluation.
Proposal 5: No need to consider 4-symbol or even shorter duration for PUCCH evaluation.
Proposal 6: The BS antenna heights (m) for FR2 is 3m for indoor hotspot, 25m for urban & suburban.
Proposal 7: The total transmit power for DL channels is based on the occupied BW and power spectrum density. 
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 urban 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 FR2, PUSCH and PUCCH enhancement is needed in urban scenario with ISD =200m.
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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

	Frequency hopping
	 w/o frequency hopping

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	0.1

	Waveform
	DFT-s-OFDM 



Table A.1-2 Simulation results for baseline performance of PUSCH for FR2
	Scenario
	Required SNR (dB)

	InH_28GHz_O2I
	4.34

	Uma_28GHz_O2I
	3.61




A.2 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 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 FR2
	Scenario
	# of UCI bits
	Required SNR (dB)

	
	
	Indoor
	Urban

	
	
	Pattern 0
	Pattern1
	Pattern 0
	Pattern1

	28GHz
	2
	-3.45
	/
	-4.13
	/

	
	11
	0.12
	-0.90
	0.08
	-1.14

	
	22
	2.12
	1.71
	2.1
	1.33
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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
	Urban scenario
	Indoor scenario

	Layout
	Single layer - Macro layer: Hex. Grid
	120mx50m

	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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