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In RAN1#101e, simulation assumptions for FR1 were agreed [1]. In this contribution, baseline techniques for VoIP and eMBB are evaluated. In addition, remaining issues for LLS evaluations are addressed. 
Remaining issues for simulation assumptions
In RAN1#101e, it was agreed to downselect from the following options.

	Agreement:
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


In TDL simulations, effect of mobility, channel characteristics and number of TX and RX antennas can be evaluated. The effect of antenna array gain may be included in the SNR for TDL, i.e., shifting the BLER curves to left. Effect of beamforming may be incorporated in the simulation. However, reflecting all character tics of antennas into LLS may result in high complexity. Thus, it is practical and efficient to include in the link budget template. The following proposal is made in this contribution : 
Proposal 1 : Support Option 1 (Antenna array gain is included in the link budget template)
Following IMT2020 evaluation assumption, the following proposal is made:
Furthermore, it is not clear how the number of antenna elements assumed in the evaluation assumptions can be incorporated in the link budget table is not clear. The gain can be defined for LLS simulation such that the number of antenna elements, number of TxRU and RF chains are incorporated. Furthermore, for LLS simulation, the antenna gain should incorporate attenuation factor due to random placement of UEs in practical environment. Defining N, M, L,  as the number of TXRU, antenna elements, RF chains and attenuation factor, respectively, the following proposal is made:
Proposal 2 : Adopt the overall antenna gain given by Overall antenna gain, , where N, M, L as the number of TXRU, antenna elements and RF chains, respectively and .
Unless specified, in the coverage analysis in this contribution, the attenuation factor is assumed to be 0.5, i.e., .
In addition, the following agreement was made in RAN1#101e.
	Agreement:
· Down selection on the following options for the link budget template for FR1 in next meeting.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
· FFS: The template provided by FL in Tdoc R1-2005005.
· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.
· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.


Due to simplicity, the proposal here is to support Option 3. The necessary revision to the table is to incorporate antenna array gain in the table.
Proposal 3 : Support Option 3 (Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.)
Finally, the following discussion took place and no decisions were made in RAN1#101e. 
	Opt. 1: The target path loss or relative MPL is considered as the target performance
· Alt1: The target path loss is derived from the target ISD.
· Alt2: Relative MPL.
Opt. 2: An MCL or MCL based metric is considered as the target performance.
· Alt1: Derived from the target ISD.
· Alt2: Fixed target MCL, e.g. 147dB for VoIP [to achieve better performance than other RAT(s)].
· Alt3: Relative MCL


Since MCL table contains the minimum parameters to obtain coverage, we recommend to use the MCL based metric. In addition, we support to use relative MCL as opposed to the MCL values derived from ISD or fixed values, as relative MCL allow comparison between coverage performance between different channels or techniques. The following proposal is also supported by the evaluation results shown in Section 3.
Proposal 4 : Support Option 2, Alt 3 (Relative MCL)
From the agreement it is not clear the reference used for “Relative MCL”. Thus, the following proposal is made
Proposal 5 : At least for PUSCH, relative MCL is computed with respect to the MCL performance of the baseline scheme
FR1 baseline coverage performance
Link level simulation results
In this section, link level simulation results for eMBB and VoIP are shown. Evaluation assumptions for the simulation results are shown in Appendix.

eMBB evaluation results
In Figure 1 and Figure 2, BLER and throughput performance for eMBB the FDD rural scenario are shown, respectively. Throughout simulation, correlation between antennas are set at either low, medium or high, following the correlation model in [3]. The SNR values reported in this section are SNR per receive antenna.
From the evaluation results, it is clear that antenna correlation has an impact on the BLER and throughput performance. Approximately 2 dB performance loss can be observed when medium antenna correlation is assumed when BLER=. It is also clear that using 2 DMRS symbols, the performance gain in BLER can be achieved over 1 DMRS symbol, thanks to improved channel estimation performance. However, as the result of increased number of DMRS symbols, throughput performance is sacrificed as shown in Figure 2.
In Figure 3 and Figure 4, BLER and throughput performance for TDD rural scenario are shown, respectively. In the simulation, medium and high correlation among antennas are assumed. From the figures, it is clear that for 2 RX antenna at gNB, there is no difference in performance when medium or high correlation is assumed. Similar to the FDD scenario, performance gain can be achieved by using 2 DMRS symbols over 1 DMRS symbol, sacrificing the throughput performance. 
Observation 1 : 2 DMRS symbols yield better BLER performance in both FDD and TDD scenarios
[image: ]
[bookmark: _Ref47562662]Figure 1 BLER result for eMBB, no repetition, TDL-C with DS=300ns, rural scenario, FDD
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[bookmark: _Ref47562670]Figure 2 Throughput performance for eMBB, no repetition, TDL-C with DS=300ns, FDD
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[bookmark: _Ref47769181]Figure 3 BLER result for eMBB, no repetition, TDL-C with DS=300ns, rural scenario, TDD
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[bookmark: _Ref47769183]Figure 4 Throughput result for eMBB, no repetition, TDL-C with DS=300ns, rural scenario, TDD
To summarize, the following tables show the SNR in dB required to achieve the target data rate and iBLER for each scenario.
Table 1 SNR (dB) at target iBLER and throughput for eMBB, Rural scenario, FDD for low and medium antenna correlation
	
	1 DMRS
	2 DMRS

	Low
	8
	5

	Medium
	8
	5



Table 2 SNR (dB) at target iBLER and throughput for eMBB, urban and rural scenario, TDD for medium and high antenna correlation
	
	Rural
	Urban

	
	1 DMRS
	2 DMRS
	1 DMRS
	2 DMRS

	Medium/high
	5
	4.5
	2.8
	3




	
VoIP evaluation results
In VoIP simulations, both the latency requirements are considered for both TDD and FDD. In our contribution submitted in the agenda item 8.8.1, the proposals are made regarding the evaluation assumption for VoIP TDD; use more than 2 HARQ processes to prevent accumulation of VoIP packets in the buffer at UE. Details related to the proposal are explained in [4].
The SNR values required to reach the target rBLER for each scenario are shown below. Form the figure, it is clear that assumption on antenna correlation has an impact on the performance. Similar to eMBB, using 2 DMRS symbols yields the rBLER performance compared to rBLER obtained using 1 DMRS symbol, thanks to improved channel estimation.
It is also clear from the analysis that extending the latency requirement and restricting the number of HARQ processes to 1 (H=1) improves the rBLER performance, thanks to increased number of opportunities for retransmission. However, as explained in [4] it should be noted that at low SNR values, number of packets in the buffer accumulate due to unsuccessful HARQ operation. Therefore, coverage performance for VoIP should take the status of the buffer at UE into account.
Observation 2 : Assessment of the coverage performance for TDD VoIP should consider the status of buffer at UE
Table 3 SNR (dB) at target rBLER for VoIP, TDL-C, DS=300ns, Rural scenario, FDD
	
	50 ms latency requirement
	100 ms latency requirement

	
	1 DMRS
	2 DMRS
	1 DMRS
	2 DMRS

	Low
	-8
	-8.5
	-9
	-11

	Medium
	-6
	-7
	-8
	-9



Table 4 SNR (dB) at target rBLER for VoIP, TDL-C, DS=300ns, TDD, variable number of HARQ processes (H), medium antenna correlation, Urban scenario
	
	50 ms latency requirement
	100 ms latency requirement

	
	1 DMRS
	2 DMRS
	1 DMRS
	2 DMRS

	H=1
	-6
	-8
	-8
	-10

	H=2
	-4
	-5
	-8
	-8.5



MCL table calculation
The MCL analysis for eMBB scenarios are shown below It should be noted that the coverage performance for TDD urban scenario is influenced by the scaling constant used in theRX antenna gain. From the relative MCL performance, using 2 DMRS symbols yields slight performance gain over the scheme using 1 DMRS.

Table 1: MCL calculation eMBB, FDD, rural, low or medium antenna correlation, PUSCH
	Number of DMRS symbols
	1DMRS
	2DMRS

	Transmitter
	
	

	(1) Tx power  (dBm)
	23
	23

	(2) Tx antenna gain (dB)
	0
	0

	Receiver
	
	

	(3) Rx antenna gain (dB)
	6
	6

	(4) Thermal noise density (dBm/Hz)
	-174
	-174

	(5) Receiver noise figure (dB)
	5
	5

	(6) Interference margin (dB)
	0
	0

	(7) Occupied channel bandwidth (Hz)
	
	

	(8) Effective noise power
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-116.44
	-116.44

	(9) Required SINR (dB) per RxAnt
	8
	5

	(10) Receiver sensitivity
	
	

	         = (8) + (9) (dBm)
	-108.44
	-111.44

	(11) Implementation mergin (including cable/body loss) (dB)
	0
	0

	(12) MCL
	
	

	         = (1) + (2) + (3) - (10) - (11) (dB)
	137.44
	140.44



Table 1: MCL calculation eMBB, TDD, rural and urban, PUSCH
	
	rural
	Urban

	Number of DMRS symbols
	1DMRS
	2DMRS
	1DMRS
	2DMR

	Transmitter
	
	
	
	

	(1) Tx power  (dBm)
	23
	23
	23
	23

	(2) Tx antenna gain (dB)
	0
	0
	0
	0

	Receiver
	
	
	
	

	(3) Rx antenna gain (dB)
	12.0
	12.0
	16.8
	16.8

	(4) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(5) Receiver noise figure (dB)
	5
	5
	5
	5

	(6) Interference margin (dB)
	0
	0
	0
	0

	(7) Occupied channel bandwidth (Hz)
	
	
	
	

	(8) Effective noise power
	
	
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-98.67
	-98.67
	-98.67
	-98.67

	(9) Required SINR (dB) per RxAnt
	5
	4.5
	2.8
	3

	(10) Receiver sensitivity
	
	
	
	

	         = (8) + (9) (dBm)
	-93.67
	-94.17
	-95.87
	-95.67

	(11) Implementation mergin (including cable/body loss) (dB)
	0
	0
	0
	0

	(12) MCL
	
	
	
	

	         = (1) + (2) + (3) - (10) - (11) (dB)
	128.67
	128.17
	135.5
	135.3


The MCL analysis for VoIP scenarios are shown below. It should be noted that the coverage performance for TDD urban scenario is influenced by the scaling constant used in theRX antenna gain. Similar to eMBB, the performance gain can be achieved by 2 DMRS symbols. In addition, extending the latency to 100ms provides the extra coverage performance.

Table 1: MCL calculation VoIP, FDD, rural, PUSCH
	Scenario
	50ms, low, 1DMRS
	50ms, low, 2DMRS
	50ms, Medium, 1DMRS
	50ms, Medium, 2DMRS
	100ms, low, 1DMRS
	100ms, low, 2DMRS
	100ms, Medium, 1DMRS
	100ms, low, 2DMRS

	Transmitter
	
	
	
	
	
	
	
	

	(1) Tx power  (dBm)
	23
	23
	23
	23
	23
	23
	23
	23

	(2) Tx antenna gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	Receiver
	
	
	
	
	
	
	
	

	(3) Rx antenna gain (dB)
	6
	6
	6
	6
	6
	6
	6
	6

	(4) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(5) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	5
	5

	(6) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(7) Occupied channel bandwidth (Hz)
	
	
	
	
	
	
	
	

	(8) Effective noise power
	
	
	
	
	
	
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-110.42
	-110.42
	-110.42
	-110.42
	-110.42
	-110.42
	-110.42
	-110.42

	(9) Required SINR (dB) per RxAnt
	-8
	-8.5
	-6
	-7
	-9
	-11
	-8
	-9

	(10) Receiver sensitivity
	
	
	
	
	
	
	
	

	         = (8) + (9) (dBm)
	-118.42
	-118.92
	-116.42
	-117.42
	-119.42
	-121.42
	-118.42
	-119.42

	(11) Implementation mergin (including cable/body loss) (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(12) MCL
	
	
	
	
	
	
	
	

	         = (1) + (2) + (3) - (10) - (11) (dB)
	147.42
	147.92
	145.42
	146.42
	148.42
	150.42
	147.42
	148.42



Table 1: MCL calculation VoIP, TDD, urban, PUSCH
	Scenario
	50ms, H=1, 1DMRS
	50ms, H=1, 2DMRS
	50ms, H=2, 1DMRS
	50ms, H=2, 2DMRS
	100ms, H=1, 1DMRS
	100ms, H=1, 2DMRS
	100ms, H=2, 1DMRS
	100ms, H=2, 2DMRS

	Transmitter
	
	
	
	
	
	
	
	

	(1) Tx power  (dBm)
	23
	23
	23
	23
	23
	23
	23
	23

	(2) Tx antenna gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	Receiver
	
	
	
	
	
	
	
	

	(3) Rx antenna gain (dB)
	15.2
	15.2
	15.2
	15.2
	15.2
	15.2
	15.2
	15.2

	(4) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(5) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	5
	5

	(6) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(7) Occupied channel bandwidth (Hz)
	
	
	
	
	
	
	
	

	(8) Effective noise power
	
	
	
	
	
	
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-117.42
	-117.42
	-117.42
	-117.42
	-117.42
	-117.42
	-117.42
	-117.42

	(9) Required SINR (dB) per RxAnt
	-6
	-8
	-4
	-5
	-8
	-10
	-8
	-8.5

	(10) Receiver sensitivity
	
	
	
	
	
	
	
	

	         = (8) + (9) (dBm)
	-123.42
	-125.42
	-121.42
	-122.42
	-125.42
	-127.42
	-125.42
	-125.92

	(11) Implementation mergin (including cable/body loss) (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(12) MCL
	
	
	
	
	
	
	
	

	         = (1) + (2) + (3) - (10) - (11) (dB)
	161.62
	163.62
	159.62
	160.62
	163.62
	165.62
	163.62
	164.12



The following observation is made from the valuation results for FR1.
Observation 3: The MCL performance depends on antenna gain assumed in evaluation
Based on the above observation, the proposal in this contribution is to recommend the use of relative MCL metric, as opposed to absolute metric, to eliminate the difference in assumption for implementation to compute the MCL.
Discussion on the number of HARQ processes for TDD VoIP.
 As mentioned in the previous section, the buffer status at UE for TDD VoIP needs close attention during evaluation. An example of the buffer status is shown in Figure 2 where the number of packets served by 1 HARQ processes with the maximum transmission of 20 attempts, when 100ms latency requirement is assumed. Repetition factor of 2 is assumed. The number of packets in the buffer are analyzed over 200 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 -10dB, 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=-10dB, where the target rBLER=2x10-2 is reached
[image: ]
[bookmark: _Ref47655599]Figure 2 Number of packets accumulated in the buffer for 1 HARQ process, 100ms latency requirement, urban scenario with 2DMRS symbols, buffer status tracked over 200 uplink slots, averaged over 20 iterations, 2 repetitions
Observation 4: For low SNR, buffer accumulates for TDD VoIP if number of HARQ processes is small
Therefore, we make the following proposal:
Proposal 6: For evaluation of uplink FR1 TDD VoIP, use at least 2 HARQ processes are used to prevent large accumulation in buffer


Conclusion.
In this contribution, the following observations and proposals are made.

Observation 1 : 2 DMRS symbols yield better BLER performance in both FDD and TDD scenarios
Observation 2 : Assessment of the coverage performance for TDD VoIP should consider the status of buffer at UE
Observation 3: The MCL performance depends on antenna gain assumed in evaluation
Observation 4: For low SNR, buffer accumulates for TDD VoIP if number of HARQ processes is low
Proposal 1 : Support Option 1 (Antenna array gain is included in the link budget template)
Proposal 2 : Adopt the overall antenna gain given by Overall antenna gain, , where N, M, L as the number of TXRU, antenna elements and RF chains, respectively and .
Proposal 3 : Support Option 3 (Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.)
Proposal 4 : Support Option 2, Alt 3 (Relative MCL)
Proposal 5 : At least for PUSCH, relative MCL is computed with respect to the MCL performance of the baseline scheme
Proposal 6: For evaluation of uplink FR1 TDD VoIP, use at least 2 HARQ processes to prevent large accumulation in buffer
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Appendix

Table 5 FDD simulation assumptions for eMBB and VoIP
	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

	CP type
	Normal

	PHY channel
	PUSCH

	Allocation  (# of PRB)

	1
	4

	Allocation  (# of OFDM symbols)
	14

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211 [7])

	DM-RS (# of OFDM symbols)
	Type B

	MCS index, table, VoIP packet size
	#6, Table 6.1.4.1-1, 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
	Inter-slot

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

	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, iBLER=10%
	N/A

	Residual BLER
	N/A
	2%



Table 5 TDD simulation assumptions for eMBB and VoIP
	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

	CP type
	Normal

	PHY channel
	PUSCH

	Allocation  (# of PRB)

	30
	4

	Allocation  (# of OFDM symbols)
	14

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211 [7])

	DM-RS (# of OFDM symbols)
	Type B

	MCS index, table, VoIP packet size
	#6, Table 6.1.4.1-1, TS 38.214
	#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
	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
	Inter-slot

	Antenna Configuration
	1x2 (i.e., 1 TX at UE and 2 RX at BS), 64 TXRUs, (M,N,P,Mg,Ng) = (12,8,2,1,1) for urban, (M,N,P,Mg,Ng) = (12,8,2,1,1), (M,N,P,Mg,Ng) = (8,4,2,1,1) for rural

	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, 1Mbps for urban, iBLER=10%
	N/A

	Residual BLER
	N/A
	2%
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