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[bookmark: _Ref513464071]Introduction
In RAN1#102e, simulation assumptions for FR1 were agreed [1]. In this contribution, baseline techniques for both downlink and uplink channels are evaluated. In addition, the bottleneck channel is identified from relative performance analysis using MCL, MIL or MPL. 
FR1 baseline coverage performance
Link level simulation results for VoIP
 In this section, detailed link level simulation results for VoIP scenarios are shown due to variations in the HARQ parameters for VoIP. Evaluation assumptions for the simulation results are shown in Appendix.
VoIP evaluation results : FDD
 In Figure 1, rBLER simulation results for VoIP for latency requirements of 50ms and 100ms in the FDD 700MHz are shown. From the figure, it is clear that the target rBLER=2% is reached at SNR=-5.6dB and -7.6dB, respectively.  It is also clear from the figure that longer latency requirement allows more opportunities for retransmission, improving the rBLER performance. The performance is improved nearly by 2dB by extending the latency requirement to 100ms. As explained in our companion contribution [2], extending the latency requirement comes with a risk of incoming VoIP packets to be dropped, if the retransmission continues. Thus, the status of the buffer at the UE should be evaluated.  
VoIP evaluation results : TDD
 In Figure 2, rBLER simulation results for VoIP for latency requirements of 20ms, 50ms and 100ms in the TDD 4GHz rural scenario are shown. In the simulation, 2 repetitions are assumed for all configurations. As discussed in our companion contribution [3], in the current specification, 2 repetitions is the maximum number allowed for the frame format such as DDDSU. For 20ms, 1 HARQ process and 4 retransmissions are assumed. For the latency requirement of 50ms, 1 and 2 HARQ processes, and 10 and 5 retransmissions are assumed, respectively. Finally, for the latency requirement of 100ms, 1 and 2 HARQ processes, and 20 and 10 retransmissions are assumed, respectively. SNR values required to reach the target rBLER are summarized in Table 1.  
 From the table it is clear that as the latency requirement increases, lower SNR is required to reach the target value, thanks to more opportunities for retransmission. However, as explained in our companion contribution [2], it should be noted that longer latency requirement allows new VoIP packets to accumulate in the buffer at UE, possibly causing the timer to expire for transmission. Thus, extending the latency requirement longer than necessary may cause degradation in rBLER in practice.
From the rBLER analysis, the following observation is made.
Observation 1: Extending latency requirement from 20ms to 100ms for VoIP improves rBLER performance.
[bookmark: _Ref53725881]Table 1 SNR required to reach the target rBLER=2%, TDD, 4GHz, VoIP
	Latency requirement
	20ms
	50ms 2 HARQ
	50ms 1 HARQ
	100ms 2HARQ
	100ms 1HARQ

	SNR at rBLER=2% (dB)
	-3.5
	-5.3
	-7.3
	-7.7
	-9.7
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[bookmark: _Ref53723951]Figure 1 FDD VoIP, 700MHz, 3km/hr, latency requirement = 50ms and 100ms
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[bookmark: _Ref53724699]Figure 2 TDD VoIP, 4GHz, rural channel, 3km/hr, latency requirement = 20ms, 50ms and 100ms
Relative MCL/MIL/MPL analysis for identification of bottleneck channel
In this section, we summarize the MCL, MPL and MIL obtained using the template agreed in the discussion [4]. For computation of the metrics, antenna gain correction factor ((4b) and (11b) in the template) of 0 dB is assumed. Evaluation assumptions for PUSCH, PDCCH and PDSCH are included in Appendix. Simulation parameters for the FDD and TDD scenario are shown in Table 4 and Table 5, respectively. Details of PDCCH  and PUCCH parameters are shown in Table 6 and Table 7, respectively. The parameters used to compute MCL, MIL and MPL are shown in Table 8. The pathloss parameters were computed using methods described in [5].
[bookmark: _Ref53726999]Table 2 MCL/MIL/MPL analysis for FR1 FDD 700MHz, 3km/hr
	
	MCL
	MIL
	MPL

	PUSCH VoIP 50ms
	132.06
	145.09
	127.21

	PUSCH VoIP 100ms
	134.06
	147.09
	129.21

	PUSCH eMBB, 100 kbps
	127.86
	140.89
	123.01

	PUCCH PF1
	134.90
	147.94
	126.32

	PUCCH PF3
	131.41
	144.44
	122.82

	PDCCH
	148.19
	158.21
	136.59

	PDSCH, 1 Mbps
	142.79
	152.81
	134.93


The results in Table 2 indicate that in the FR1 FDD 700MHz scenario, according to the relative comparison, PUCCH PF3 and PUSCH eMBB yield lowest coverage metrics among data and control channels.
[bookmark: _Ref53727625]Table 3 MCL/MIL/MPL analysis for FR1 TDD 4GHz, rural, 3km/hr
	
	MCL
	MIL
	MPL

	PUSCH VoIP 20ms
	142.00
	146.00
	126.57

	PUSCH VoIP 50ms 1 HARQ
	143.80
	147.80
	128.37

	PUSCH VoIP 50ms 2 HARQ
	145.80
	149.80
	130.37

	PUSCH VoIP 100ms 1 HARQ
	146.20
	150.20
	130.77

	PUSCH VoIP 100ms 2 HARQ
	148.20
	152.20
	132.77

	PUSCH eMBB, 100 kbps
	136.83
	140.83
	121.40

	PUCCH PF1
	146.89
	150.89
	128.22

	PUCCH PF3
	143.15
	147.15
	124.48

	PDCCH
	155.54
	162.55
	139.88

	PDSCH, 1 Mbps
	153.06
	160.07
	140.64



The results in Table 3 indicates that for 4GHz rural scenario, according to the relative analysis, PUSCH eMBB channel is identified as the bottleneck channel. PUCCH PF1 exhibits superior performance compared to the data channels due to its compact bandwidth in the frequency domain. In addition, the downlink channel exhibits superior performance compared to the VoIP channel due to its use of 64 TXRUs. The performance of PDSCH can be improved by enabling frequency hopping, use of repetitions or enabling HARQ. From the above relative analysis, the following observation is made.
Observation 2: Using relative MCL, MIL or MPL analysis, for FR1 rural FDD,  PUCCH PF3 and PUSCH eMBB are identified as bottleneck data and control channels
Observation 3: Using relative MCL, MIL or MPL analysis, for FR1 rural TDD, PUCCH PF3 and PUSCH eMBB are identified as bottleneck data and control channels
Observation 4: Assuming the short latency requirement, PUSCH VoIP yields inferior coverage performance compared to PUCCH PF1
Based on the above observation, the following proposal is made:
Proposal 1 : For Rel. 17 NR coverage enhancement, study enhancements for PUSCH and PUCCH
Discussion on the number of HARQ processes for TDD VoIP
 As explained in our companion contribution [2], the buffer status at UE for TDD VoIP needs close attention during evaluation. An example of the buffer status is shown in Figure 3 and Figure 4 where the number of packets served by 1 HARQ processes with the maximum transmission of 10 attempts, when 50ms latency requirement is assumed. For 2 HARQ processes, the maximum transmission of 5 attempts is assumed. In the evaluation, 4GHz TDD rural scenario with 30kHz SCS and DDDSU TDD format are assumed. Repetition factor of 2 is assumed. The number of packets in the buffer are analyzed over 100 TDD uplink slots and averaged over 20 iterations. In the figure, the SNR values at which buffer accumulation did not occur are not shown.
 From the figure, it is clear that up to -9dB, simulation indicate that the number of packets accumulate in the buffer, if only 1 HARQ process is assumed. Therefore, with 1 HARQ processes, buffer accumulation cannot be avoided at SNR=-9dB. In Figure 2, by 2 HARQ processes with the maximum transmission of 5 attempts, when 50ms latency requirement is assumed. It is clear from the evaluation results that multiple HARQ processes decrease the average number of packets significantly.
[image: ]
[bookmark: _Ref47655599]Figure 3 Number of packets accumulated in the buffer for 1 HARQ process, 50ms latency requirement, rural scenario with 2DMRS symbols, buffer status tracked over 100 uplink slots, averaged over 100 iterations, 2 repetitions
[image: ]
Figure 4 Number of packets accumulated in the buffer for 2 HARQ processes, 50ms latency requirement, rural scenario with 2DMRS symbols, buffer status tracked over 100 uplink slots, averaged over 100 iterations, 2 repetitions
Observation 5: For low SNR, VoIP packets accumulate at the UE if the number of HARQ processes is set to low value
Based on the above observation, the following proposal is made:
Proposal 2 :  Multiple HARQ processes should be considered for evaluation of baseline simulations and enhancements for VoIP

Conclusion
In this contribution, the following observations and proposals are made.
Observation 1: Extending latency requirement from 20ms to 100ms for VoIP improves rBLER performance.
Observation 2: Using relative MCL, MIL or MPL analysis, for FR1 rural FDD,  PUCCH PF3 and PUSCH eMBB are identified as bottleneck data and control channels
Observation 3: Using relative MCL, MIL or MPL analysis, for FR1 rural TDD, PUCCH PF3 and PUSCH eMBB are identified as bottleneck data and control channels
Observation 4: Assuming the short latency requirement, PUSCH VoIP yields inferior coverage performance compared to PUCCH PF1
Proposal 1 : For Rel. 17 NR coverage enhancement, study enhancements for PUSCH and PUCCH
Proposal 2 :  Multiple HARQ processes should be considered for evaluation of baseline simulations and enhancements for VoIP
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Appendix

[bookmark: _Ref54225991]Table 4 FDD simulation parameters for eMBB and VoIP for PUSCH and PDSCH
	Simulation Assumptions
(to maximize MCL)
	eMBB Values
	VoIP Values

	Frequency Region
	FR1

	Duplexing mode
	FDD

	Carrier Frequency
	700MHz

	Subcarrier Spacing (kHz)
	15

	Tx  Bandwidth Configuration (MHz)
	20

	Waveform
	W CP DFT-s-OFDM for UL, W CP OFDM for DL

	CP type
	Normal

	PHY channel
	PUSCH, PDSCH

	Allocation  (# of PRB)

	4 for UL, 17 for DL
	4 for UL

	DM-RS Type
	Configuration Type 1

	DM-RS (# of OFDM symbols)
	Type B for uplink (14), Type A for downlink (12)

	MCS index, table, VoIP packet size
	#0, Table 6.1.4.1-1 for UL, #9, Table 5.1.3.1-3 for DL, TS 38.214
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits

	HARQ sequence
	N/A
	0,2,3,1

	Repetition/HARQ scheme
	N/A
	50ms latency requirement : 4 repetitions, 3 HARQ processes, 5 maximum retransmissions
100ms latency requirement : 4 repetitions, 3 HARQ processes, 9 maximum retransmissions

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x2 uplink channels (i.e., 1 TX at UE and 2 RX at BS), (M,N,P,Mg,Ng) = (4,2,2,1,1) at BS
2x2 for downlink channels

	PA impairment
	ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TX pattern per frame (for TDD)
	N/A

	Speed
	3 km/hr

	Receiver: CHEST
	Realistic

	Data rate
	100 kbps for rural UL, 1 Mbps for rural DL, iBLER=10%
	N/A

	Residual BLER
	N/A
	2%



[bookmark: _Ref54225993]Table 5 TDD simulation assumptions for eMBB and VoIP for PUSCH and PDSCH
	Simulation Assumptions
(to maximize MCL)
	eMBB Values
	VoIP Values

	Frequency Region
	FR1

	Duplexing mode
	TDD

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	W CP DFT-s-OFDM for uplink, W CP OFDM for downlink

	CP type
	Normal

	PHY channel
	PDSCH/PUSCH

	Allocation  (# of PRB)

	4 for uplink
30 for downlink
	4

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	Type B for uplink (14), Type A for downlink (12)

	Precoder
	None for uplink, Precoder cycling for downlink

	MCS index, table, VoIP packet size
	#3, Table 6.1.4.1-1, TS 38.214 for uplink
#6, Table 5.1.3.1-3, TS 38.214 for downlink
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits 

	HARQ sequence
	N/A
	0,2

	Repetition/HARQ scheme
	N/A
	Configurations for PUSCH
20ms latency requirement : 2 repetitions, H=1 HARQ processes, 4 maximum retransmissions
50ms latency requirement : 2 repetitions, H=1 or 2 HARQ processes, 10 or 5 maximum retransmissions for H=1 and 2, respectively
100ms latency requirement :2 repetitions, H=1 or 2 HARQ processes, 20 or 10 maximum retransmissions for H=1 and 2, respectively

	Frequency Hopping
	Disabled

	Antenna Configuration
	UL : 1x2 (i.e., 1 TX at UE and 2 RX at BS), 64 TXRUs, (M,N,P,Mg,Ng) = (8,4,2,1,1) for rural
DL : 2 x 4


	PA impairment
	ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TX pattern per frame (for TDD)
	DDDSU

	Speed
	3 km/hr

	Receiver: CHEST
	Realistic

	Data rate
	100 kbps for rural uplink, iBLER=10%
1 Mbps for rural downlink, iBLER=10%
	N/A

	Residual BLER
	N/A
	2%



[bookmark: _Ref54225994]Table 6 PDCCH parameters
	Parameters
	Values

	Payload
	40 bits + CRC

	Aggregation level
	16

	CORESET
	2 symbols x 48 PRBs

	Precoder
	Precoder cycling, CCE level REG bundle = 6



[bookmark: _Ref54225995]Table 7 PUCCH parameters
	Parameters
	Values PUCCH format 1
	Values PUCCH format 3

	Payload
	2 bits
	22 bits

	PUCCH symbols
	14
	14

	# of RB
	1
	1

	Frequency hopping
	Disabled

	Repetition
	Disabled

	Performance
	ACK missed detection probability : 1%, NACK to ACK probability : 0.1%, DTX to ACK probability : 1%
	BLER 1%




[bookmark: _Ref54225997]Table 8 Link budget parameters for MCL/MIL/MPL computation 
	Parameters
	Values (700MHz, FDD)
	Values (4GHz, TDD, rural)

	Antenna gain correction factor (4b), (11b)
	0 dB

	Cell area reliability
	90% for data, 95% for control

	BS antenna heights, UT antenna heights
	35m, 1.5m

	Total transmit power uplink/downlink (3)
	23 dBm/49dBm

	Cable, connector, body loss (8)/(12)
	1 dB (UE) / 3dB (BS)

	Gain of antenna elements 
(11c) for uplink, (4c) for downlink
	8 dB

	Receiver noise figure (13), uplink/downlink
	5 dB / 7dB

	Thermal noise density (14)
	-174 dBm/Hz

	Receiver interference density (15)
	-165.7 dBm/Hz PUSCH,
-161.7dBm/Hz PUCCH,
-169.3 dBm/Hz PDCCH, PDSCH

	Receiver implementation margin (20)
	2 dB

	Pathloss (25)+(26)+(27)+(28)
((25),(27))
	17.88 dB PUSCH (5.92 dB, 11.96dB)
21.62 dB PUCCH (9.66dB, 11.96dB)
21.62 dB PDCCH (9.66dB, 11.96dB)
17.88 dB PDSCH (5.92 dB, 11.96dB)
	19.43 dB PUSCH (4.93dB ,14.5 dB)
22.67 dB PUCCH (8.17dB, 14.5dB)
22.67 dB PDCCH (8.17dB, 14.5dB)
19.43 dB PDSCH (4.93dB ,14.5 dB)
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