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1. Introduction
At the RAN#94e meeting, a new SID [1] on “Study on evolution of NR duplex operation” was approved. The detailed objectives are as follows.

	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



In this contribution, we discuss on the evaluation of NR duplex evolution.

2. System level simulation
2.1. Calibration results
Based on simulation and calibration assumptions for the SLS that were agreed in previous RAN1 meetings, the calibration has been performed for Urban Macro (FR1) and Dense Urban Macro (FR 2-1). Coupling loss with both large- and small-scale fading for gNB-UE, gNB-gNB, and UE-UE are shown in Fig.2-1, and detail assumptions for the calibration are summarized in Appendix A.
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(a) FR1 : Urban Macro
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(b) FR2-1 : Dense Urban Macro

Figure 2-1. SLS calibration results

2.2. Evaluation results (FR1 Urban Macro)
In this section, our evaluation results for FR1 Urban macro of Deployment Case 1 (Non-coexistence case with single SBFD subband configuration) are introduced. The key assumptions listed in Table 2-1 are selected for the evaluation and detail evaluation assumptions are summarized in Appendix A. 

Table 2-1. Key assumptions for the evaluation for FR1
	
	Parameters

	Co-site inter-sector
CLI modelling
(Spatial isolation + digital isolation)
	100dB

	SBFD slot configuration
	Alt-2: {DDDSU} vs.  {XXXXU}

	BS transmit power
	53dBm

	SBFD antenna configuration
	Twice area&same TxRUs

	Packet Size
	UL/DL: 0.125/0.5Mbyte



Figure 2-2 shows the evaluation results for FR1 Urban macro and they are summarized in Table 2-2. As shown in Fig. 2-2 (a), we observed that in mean UL UE packet throughput, the gain of SBFD compared with static TDD is about 56%, 42% and 29% in cases of low, mediu, and high traffic load with Type-2 RU, respectively. The gain of UL UE packet throughput is achieved with increase of UL resource for SBFD operation. As shown in Fig. 2-2 (c), we observed that in mean UL delay, the delay of SBFD compared with static TDD is about -51%, -28% and -18% in cases of low, medium and high traffic load with Type-2 RU, respectively. Short delay is also achieved with increase of UL resource for SBFD operation. The lower traffic load, the higher gain of SBFD and shorter delay is achieved since the self-interference, gNB-gNB co-channel inter-subband CLI and co-site inter-sector co-channel inter-subband CLI in lower traffic scenario are relatively smaller than those in high traffic scenario.

As shown in Fig. 2-2 (b), we observed that in mean DL UE packet throughput, the gain of SBFD compared with static TDD is about -19%, -29% and -41% in cases of low, medium and high traffic load with Type-2 RU, respectively. As shown in Fig. 2-2 (d), we observed that in mean DL delay, the delay of SBFD compared with static TDD is about 32%, 103% and 281% in cases of low, medium and high traffic load with Type-2 RU, respectively. The degradation of DL UE packet throughput and longer delay are observed because of decrease of DL resource in SBFD operation. 

Observation 1: In FR1 Urban macro, SBFD with {XXXXU} achieves 56%, 42% and 29% mean UL UE packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively. 

Observation 2: In FR1 Urban macro, SBFD with {XXXXU} achieves -51%, -28% and -18% mean UL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 3: In FR1 Urban macro, SBFD with {XXXXU} confirms -19%, -29% and -41% mean UE DL packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 4: In FR1 Urban macro, SBFD with {XXXXU} confirms 32%, 103% and 281% mean DL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.


[image: ]
(a) UL UE packet throughput
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(b) DL UE packet throughput
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(c) UL delay
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(d) DL delay
Figure 2-2. SLS evaluation results for FR1 Urban macro

Table 2-2. Summary of evaluation results for FR1
	Simple description for the sub-case (e.g., 100dB inter-sector isolation, SBFD Alt2, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125Mbyte, …)

	 
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	UL Average-UPT (Mbps)
	Mean
	44.9
	70.2
	56%
	36.9
	52.3
	42%
	32.3
	41.7
	29%

	
	5%
	1.7
	1.7
	-1%
	1.1
	1.3
	13%
	0.9
	1.1
	24%

	
	50%
	11.3
	20.3
	79%
	3.5
	11.4
	228%
	3.2
	9.1
	186%

	
	95 %
	225.5
	277.8
	23%
	173.1
	189.6
	10%
	138.1
	163.2
	18%

	UL Packet-Latency CDF (ms)
	Mean
	636.1
	312.4
	-51%
	528.0
	378.1
	-28%
	349.2
	284.9
	-18%

	
	5%
	4.5
	3.5
	-22%
	5.0
	4.5
	-10%
	6.5
	5.5
	-15%

	
	50%
	106.5
	46.0
	-57%
	50.5
	33.5
	-34%
	34.0
	32.5
	-4%

	
	95 %
	3554.0
	1552.0
	-56%
	3197.0
	2413.5
	-25%
	2080.0
	1730.0
	-17%

	UL RU (%)
	Type-2 
	9.0%
	7.7%
	
	30.6%
	32.1%
	
	49.9%
	55.2%
	

	
	
	
	
	
	
	
	
	
	
	

	DL Average-UPT (Mbps)
	Mean
	480.1
	387.2
	-19%
	405.5
	288.2
	-29%
	314.5
	185.7
	-41%

	
	5%
	192.9
	137.5
	-29%
	155.4
	56.1
	-64%
	81.1
	11.6
	-86%

	
	50%
	526.6
	419.2
	-20%
	432.2
	299.2
	-31%
	319.5
	167.2
	-48%

	
	95 %
	622.2
	524.3
	-16%
	584.9
	471.6
	-19%
	531.9
	416.7
	-22%

	DL Packet-Latency CDF (ms)
	Mean
	11.9
	15.7
	32%
	16.1
	32.8
	103%
	30.9
	117.6
	281%

	
	5%
	6.5
	8.0
	23%
	6.5
	8.0
	23%
	7.0
	8.0
	14%

	
	50%
	7.5
	10.0
	33%
	10.5
	15.0
	43%
	14.5
	29.0
	100%

	
	95 %
	23.5
	33.0
	40%
	36.0
	74.5
	107%
	91.5
	506.5
	454%

	DL RU (%)
	Type-2 
	9.6%
	10.4%
	
	29.9%
	37.8%
	
	63.4%
	67.5%
	




2.3. Evaluation results (FR2-1 Dense Urban Macro)
In this section, our evaluation results for FR2-1 Dense urban macro of Deployment Case 1 (Non-coexistence case with single SBFD subband configuration) are introduced. The key assumptions listed in Table 2-3 are selected for the evaluation and detail evaluation assumptions are summarized in Appendix A. 

Table 2-3. Key assumptions for the evaluation for FR2-1
	
	Parameters

	Co-site inter-sector
CLI modelling
(Spatial isolation + digital isolation)
	100dB

	SBFD slot configuration
	Alt-2: {DDDSU} vs.  {XXXXU}

	BS transmit power
	40dBm

	SBFD antenna configuration
	Twice area&same TxRUs

	Packet Size
	UL/DL: 0.125/0.5Mbyte



Figure 2-3 shows the evaluation results for FR2-1 Dense urban macro and they are summarized in Table 2-4. 

As shown in Fig. 2-3 (a), we observed that in mean DL UE packet throughput, the gain of SBFD compared with static TDD is about -21%, -31% and -41% in cases of low, medium and high traffic load with Type-2 RU, respectively. As shown in Fig. 2-3 (b), we observed that in mean DL delay, the delay of SBFD compared with static TDD is about 28%, 80% and 164% in cases of low, medium and high traffic load with Type-2 RU, respectively. The degradation of DL UE packet throughput and longer delay are observed because of decrease of DL resource in SBFD operation. 


Observation 5: In FR2-1 Dense urban macro, SBFD with {XXXXU} confirms -21%, -31% and -41% mean UE DL packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 6: In FR2-1 Dense urban macro, SBFD with {XXXXU} confirms 28%, 80% and 164% mean DL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.
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(a) DL UE packet throughput
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(b) DL delay
Figure 2-3. SLS evaluation results for FR2-1 Dense urban macro

Table 2-4. Summary of evaluation results for FR2-1
	Simple description for the sub-case (e.g., 100dB inter-sector isolation, SBFD Alt2, Twice area&same TxRUs, DL: 0.5Mbyte, UL: 0.125Mbyte, …)

	 
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	
	
	
	
	
	
	
	
	
	
	

	DL Average-UPT (Mbps)
	Mean
	719.6
	572.1
	-21%
	543.6
	375.2
	-31%
	418.0
	244.8
	-41%

	
	5%
	449.5
	347.0
	-23%
	288.2
	148.8
	-48%
	113.8
	31.6
	-72%

	
	50%
	780.3
	611.1
	-22%
	562.2
	388.1
	-31%
	428.6
	243.7
	-43%

	
	95 %
	818.4
	657.9
	-20%
	738.8
	562.3
	-24%
	659.5
	491.5
	-25%

	DL Packet-Latency CDF (ms)
	Mean
	6.3
	8.1
	28%
	10.9
	19.6
	80%
	23.5
	62.0
	164%

	
	5%
	5.1
	6.4
	24%
	5.1
	6.4
	24%
	5.1
	6.4
	24%

	
	50%
	5.1
	6.4
	24%
	7.8
	12.4
	60%
	11.6
	23.4
	101%

	
	95 %
	10.8
	14.6
	36%
	27.9
	56.5
	103%
	69.8
	254.3
	265%

	DL RU (%)
	Type-2 
	8%
	8%
	
	35%
	36%
	
	55%
	54%
	



3. Link level simulation for coverage metric
3.1. Evaluation assumptions for link level simulation
At the RAN1#112bis-e meeting, the assumptions for the evaluation using link level simulation (LLS) were discussed and following agreement was made [2].
	Agreement
For LLS coverage evaluation, RAN1 should consider self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference in TDD system and SBFD system. 
Option-1
· The modelling method is as below:
· For TDD UL slot, additive white Gaussian noise with variance of  is generated, where 
·  is UE-gNB interference and  is noise (in linear scale).
· For SBFD slot, additive white Gaussian noise with variance of  is generated, where 
· , , ,  are self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference (in linear scale), respectively
· Companies to report the details of deriving  and . Some examples are as below:
· Example-1:  and  are derived based on a certain assumption of the topology of gNBs and UEs ( is derived based on 1dB desense and   is derived based on  as agreed in last meeting). In this example, the interference is pre-receiver interference.
· Note: link budget analysis can be applied in this example
· Example-2:  is derived based on statistic in SLS, and then  is used in LLS to increase the Gaussian noise power in SBFD symbol compared to TDD UL symbol. In this example, the interference is post-receiver interference.
· Example-3:  and  can be derived based on statistic in SLS. In this example, the interference is post-receiver interference.
· Companies to report the RU assumption for the interference.
· Note: For simplicity, the interference is independently updated/generated in each slot.
· Note: Companies are encouraged to report whether and how channel estimation and interference estimation will be impacted by  and .
· Based on the modelling method, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, assume the SNR in UL only slot is , perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, assume the SNR in UL only slot is  and the SNR in SBFD slot is . Perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.
Option-2
· The UE-gNB interference and inter-site gNB-gNB co-channel inter-subband CLI in LLS coverage evaluation are explicitly modelled based on a given topology of aggressor UEs and gNBs. The UE-gNB and gNB-gNB fast fading channels are explicitly modelled in LLS. The signal model is as follows
·   
·  is the received signal vector at the victim gNB
·  is the channel matrix from target UE to gNB,  is the transmitted signal of the target user
· , , are the channel matrix and transmitted signal of the UE in the same cell as the target user 
·  and  are the channel matrix and transmitted signal of the UEs in the adjacent cell
· ,  and  are the channel matrix, the precoding matrix, and leakage CLI signal from aggressor gNB  to the victim gNB. 
· The power of the signal and interference is included in the channel marix respectively
·  and  are the self-interference vector of the co-site sectors and the thermal noise signal vector on the receiving antennas
· Companies to report the topology of gNBs and UEs to derive the detailed signals and interferences above. One example is as below
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· Based on the above modelling, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.



Regarding the schemes for link level evaluation of PUSCH coverage performance for SBFD, we calculate the power of interference from a link budget analysis with using Example-1 in Option-1. Interference is derived based on the topology illustrated in the Figure 3-1, with considering 4 aggressor gNBs, and 1 aggressor UE.
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Figure 3-1. The illustration of the topology in LLS

3.1.1. Interference modeling in LLS for FR1
The details of respective interference modeling based on the topology shown in Figure 3-1 are as follows:
· Self-interference is modelled as additive white gaussian noise with fixed INR = - 6 dB 
· Co-site inter-sector interference is modelled as additive white gaussian noise with fixed INR = 14.7 dB and the value is calculated as Table 3-1.

Table 3-1. Co-site inter-sector interference on link budget analysis for FR1
	A
	 BS transmit power over 80MHz per RB [dBm]
 = BS Tx power (49) + LOG10(80MHz/100MHz) -10*LOG10(NRB), NRB = 208
	25.7 

	B
	 frequency isolation [dB]
	42.5 

	C
	 spatial isolation [dB]
	75.0 

	D
	 digital cancelation [dB]
	0.0 

	E
	 resource utilization (RU) [%]
	10.0 

	F
	 inter-sector interference level per RB per sector[dB]
 = A-B-C-D+10*LOG10(E)
	-101.7 

	G
	 inter-sector interference level per RB (2 sectors) [dB]
	-98.7 

	H
	 noise power per RB [dBm]
 = -174+10*LOG10(30kHz*12) + noise figure (5)
	-113.4 

	　
	 INR of inter-sector CLI [dB]
 = G-H
	14.7 



· Inter-site gNB-gNB co-channel inter-subband CLI is modelled as additive white gaussian noise with fixed INR = -3.4 and the value is calculated as Table 3-2.

Table 3-2. Inter-site gNB-gNB co-channel subband CLI on link budget analysis for FR1
	A
	 BS transmit power per RB [dBm]
 = BS Tx power (49) + LOG10(80MHz/100MHz) -10*LOG10(NRB), NRB = 208
	25.7 

	B
	 inter-gNB coupling loss [dB]
 using CDF of 95% for gNB-gNB coupling loss from SLS
	-96.1 

	C
	 frequency isolation [dB]
	42.5 

	D
	 resource utilization (RU) [%]
	10.0 

	E
	 inter-gNB interference level per RB per aggressor [dB]
 = A+B-C+10*LOG10(D) 
	-122.9 

	F
	 inter-gNB interference level per RB (4 aggressors) [dB]
	-116.8 

	G
	 noise power per RB [dBm]
 = -174+10*LOG10(30kHz*12) + noise figure (5)
	-113.4 

	　
	 INR of inter-gNB CLI [dB]
 = F-G
	-3.4 



· UE-gNB interference is modelled as additive white gaussian noise with fixed INR = -19.7 dB and the value is calculated as Table 3-3.

Table 3-3. UE-gNB interference on link budget analysis for FR1
	A
	 UE transmit power per RB [dBm]
 = UE Tx power (23) -10*LOG10(NRB), NRB = 55
	5.6 

	B
	 UE-gNB coupling loss [dB]
 using CDF of 25% for UE-gNB coupling loss from SLS
	-128.8 

	C
	 resource utilization (RU) [%]
	10.0 

	D
	 UE-gNB interference level per RB [dB]
 = A+B+10*LOG10(C)
	-133.2 

	E
	 noise power per RB [dBm]
 = -174+10*LOG10(30kHz*12) + noise figure (5)
	-113.4 

	　
	 INR of UE-gNB interference [dB]
 = D-E
	-19.7 




3.1.2. Interference modeling in LLS for FR2-1
The details of respective interference modeling based on the topology shown in Figure 3-1 are as follows:
· Self-interference is modelled as additive white gaussian noise with fixed INR = - 6 dB 
· Co-site inter-sector interference is modelled as additive white gaussian noise with fixed INR = -5.0 dB and the value is calculated as Table 3-4.

Table 3-4. Co-site inter-sector interference on link budget analysis for FR2-1
	A
	BS transmit power over 160MHz per RB [dBm]
= BS Tx power (30) + LOG10(160MHz/200MHz) -10*LOG10(NRB), NRB = 104
	9.7 

	B
	frequency isolation [dB]
	22.2 

	C
	spatial isolation [dB]
	88.0 

	D
	digital cancelation [dB]
	0.0 

	E
	resource utilization (RU) [%]
	10.0 

	F
	inter-sector interference level per RB per sector [dB]
= A-B-C-D+10*LOG10(E)
	-110.4 

	G
	inter-sector interference level per RB (2 sectors) [dB]
	-107.4 

	H
	noise power per RB [dBm]
= -174+10*LOG10(120kHz*12) + noise figure (10)
	-102.4 

	　
	INR of inter-sector CLI [dB]
= G-H
	-5.0 



· Inter-site gNB-gNB co-channel inter-subband CLI is modelled as additive white gaussian noise with fixed INR = -3.4 dB and the value is calculated as Table 3-5.

Table 3-5. Inter-site gNB-gNB co-channel subband CLI on link budget analysis for FR2-1
	A
	BS transmit power over 160MHz per RB [dBm]
= BS Tx power (30) + LOG10(160MHz/200MHz) -10*LOG10(NRB), NRB = 104
	9.7 

	B
	inter-gNB coupling loss [dB]
using CDF of 95% for gNB-gNB coupling loss from SLS
	-128.6 

	C
	frequency isolation [dB]
	22.2 

	D
	resource utilization (RU) [%]
	10.0 

	E
	inter-gNB interference level per RB per aggressor [dB]
= A+B-C+10*LOG10(D) 
	-151.1 

	F
	inter-gNB interference level per RB (4 aggressors) [dB]
	-145.1 

	G
	noise power for RB [dBm]
= -174+10*LOG10(120kHz*12) + noise figure (10)
	-102.4 

	　
	INR of inter-gNB CLI [dB]
= F-G
	-42.7 



· UE-gNB interference is modelled as additive white gaussian noise with fixed INR = -19.7 dB and the value is calculated as Table 3-6.

Table 3-6. UE-gNB interference on link budget analysis for FR2-1
	A
	UE transmit power per RB [dBm]
= UE Tx power (23) -10*LOG10(NRB), NRB = 26
	8.9 

	B
	UE-gNB coupling loss [dB]
using CDF of 5% for UE-gNB coupling loss from SLS
	-104.8 

	C
	resource utilization (RU) [%]
	10.0 

	D
	UE-gNB interference level per RB [dB]
= A+B+10*LOG10(C)
	-105.9 

	E
	noise power per RB [dBm]
= -174+10*LOG10(120kHz*12) + noise figure (10)
	-102.4 

	　
	INR of UE-gNB interference [dB]
= D-E
	-3.5 




3.2. Evaluation results
3.2.1. Evaluation results for FR1
The evaluation results for FR1 are shown in Figure 3-2, and the link budget which is derived using required SNR is summarized in Table 3-7.
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Figure 3-2. Evaluation results of LLS for FR1

Table 3-7. Link budget analysis for FR1
	PUSCH-FR1-Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	Key assumptions

	DOCOMO
	TDD
	-5.2
	130.9
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB):14.7dB
- total INR of all inter-site gNB-gNB CLI (dB): -3.4dB
- total INR of all UE-gNB CLI (dB): -19.7dB
Others: Low Load (RU 10%), spatial isolation for co-site inter-sector interference = 75dB

	
	SBFD
	-5.2
	130.9
	

	
	Gain
	0
	0
	

	DOCOMO
	TDD
	-5.2
	130.9
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -10.3dB
- total INR of all inter-site gNB-gNB CLI (dB): -3.4dB
- total INR of all UE-gNB CLI (dB): -19.7dB
Others: Low Load (RU 10%), spatial isolation for co-site inter-sector interference = 100dB

	
	SBFD
	-8.6
	134.3
	

	
	Gain
	3.4
	3.4
	

	DOCOMO
	TDD
	-5.1
	130.8
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB):19.4dB
- total INR of all inter-site gNB-gNB CLI (dB):1.4dB
- total INR of all UE-gNB CLI (dB): -14.9dB
Others: Medium Load (RU 30%), spatial isolation for co-site inter-sector interference = 75dB

	
	SBFD
	-5.1
	130.8
	

	
	Gain
	0
	0
	

	DOCOMO
	TDD
	-5.1
	130.8
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -5.5dB
- total INR of all inter-site gNB-gNB CLI (dB):1.4dB
- total INR of all UE-gNB CLI (dB): -14.9dB
Others: Medium Load (RU 30%), spatial isolation for co-site inter-sector interference = 100dB

	
	SBFD
	-6.0
	131.7
	

	
	Gain
	0.9
	0.9
	




In FR1, no gain is observed from the evaluation results when the spatial isolation for co-site inter-sector interference is 75 dB. In this evaluation, the first PUSCH is transmitted in the non-SBFD slot (e.g., UL slot or non-SBFD flexible slot) and the succeeding PUSCH repetitions are transmitted in UL subband in the SBFD slots. Therefore, the results mean that the impact of performance degradation due to interference cancels the gain of PUSCH repetitions using SBFD slots, so that PUSCH repetitions using SBFD slots can’t contribute the improvement of coverage performance. On the other hand, when the spatial isolation is 100 dB, gain of 0.9 dB to 3.4 dB is observed. The results show that the gain of coverage performance with PUSCH repetitions using SBFD slots depends on the spatial isolation. Therefore, if a large spatial isolation can be realized at gNBs, coverage enhancement can be expected from PUSCH repetitions using SBFD slots.

Observation 7: In the case of FR1, the gain with increased transmission opportunities due to the application of SBFD depends on the value of spatial isolation for co-site inter-sector, and if the value of spatial isolation is large, gain of 0.9 dB to 3.4dB for coverage performance is observed for SBFD operation with PUSCH repetition. 

3.2.2. Evaluation results for FR2-1
The evaluation results for FR2-1 are shown in Figure 3-3, and the link budget which is derived using required SNR is summarized in Table 3-8. 

[image: ]
Figure 3-3. Evaluation results of LLS for FR2-1

Table 3-8. Link budget analysis for FR2-1
	PUSCH-FR2-Dense Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	Key assumptions

	DOCOMO
	TDD
	3.5
	103.0
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -5dB
- total INR of all inter-site gNB-gNB CLI (dB): -42dB
- total INR of all UE-gNB CLI (dB): -3.5dB
Others: Low Load (RU 10%), spatial isolation for co-site inter-sector interference = 88dB

	
	SBFD
	-3.8
	110.2
	

	
	Gain
	7.3
	7.3
	

	DOCOMO
	TDD
	3.5
	103.0
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -22dB
- total INR of all inter-site gNB-gNB CLI (dB): -42dB
- total INR of all UE-gNB CLI (dB): -3.5dB
Others: Low Load (RU 10%), spatial isolation for co-site inter-sector interference = 105dB

	
	SBFD
	-4.4
	110.9
	

	
	Gain
	7.9
	7.9
	

	DOCOMO
	TDD
	5.8
	100.7
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -0.25dB
- total INR of all inter-site gNB-gNB CLI (dB): -37dB
- total INR of all UE-gNB CLI (dB):1.2dB
Others: Medium Load (RU 30%), spatial isolation for co-site inter-sector interference = 88dB

	
	SBFD
	-0.3
	106.8
	

	
	Gain
	6.1
	6.1
	

	DOCOMO
	TDD
	5.8
	100.7
	Evaluation method: Option-1 (Example-1)
- INR of co-site inter-sector interference (dB): -17dB
- total INR of all inter-site gNB-gNB CLI (dB): -37dB
- total INR of all UE-gNB CLI (dB):1.2dB
Others: Medium Load (RU 30%), spatial isolation for co-site inter-sector interference = 105dB

	
	SBFD
	-2.2
	108.6
	

	
	Gain
	7.9
	7.9
	



In the case of FR2-1, the gNB transmission power is lower than that in FR1. Accordingly, even with the spatial isolation value of 75 dB, the impact of inter-sector interference and inter-site CLI are smaller compared with that for FR1, and hence the effect of interference is reduced. Thus, in the case of FR2-1, although the SBFD slot suffers from interference to some extent, the increased transmission opportunities and HARQ combination with retransmissions resulted in a gain of 6 dB or more. And when RU is medium load, inter-sector interference is increased by larger traffic and thus the gain of SBFD is decreased. In case of 100 dB for the spatial isolation, the results show that the gain does not decrease even when RU is medium load.

Observation 8: In the case of FR2-1, regardless of the value of spatial isolation for co-site inter-sector, gain of more than 6 dB is observed for SBFD with PUSCH repetition, and if the value of spatial isolation is 100 dB, the gain of coverage performance is not decreased even when RU is increased.
4. Conclusion
In this contribution, we discussed on the evaluation of NR duplex operation. Based on the discussion we made the following observations. 

Observation 1: In FR1 Urban macro, SBFD with {XXXXU} achieves 56%, 42% and 29% mean UL UE packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively. 

Observation 2: In FR1 Urban macro, SBFD with {XXXXU} achieves -51%, -28% and -18% mean UL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 3: In FR1 Urban macro, SBFD with {XXXXU} confirms -19%, -29% and -41% mean UE DL packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 4: In FR1 Urban macro, SBFD with {XXXXU} confirms 32%, 103% and 281% mean DL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 5: In FR2-1 Dense urban macro, SBFD with {XXXXU} confirms -21%, -31% and -41% mean UE DL packet throughput gain compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 6: In FR2-1 Dense urban macro, SBFD with {XXXXU} confirms 28%, 80% and 164% mean DL delay compared to static TDD with {DDDSU} in low, medium and high traffic load, respectively.

Observation 7: In the case of FR1, the gain with increased transmission opportunities due to the application of SBFD depends on the value of spatial isolation for co-site inter-sector, and if the value of spatial isolation is large, gain of 0.9 dB to 3.4dB for coverage performance is observed for SBFD operation with PUSCH repetition. 

Observation 8: In the case of FR2-1, regardless of the value of spatial isolation for co-site inter-sector, gain of more than 6 dB is observed for SBFD with PUSCH repetition, and if the value of spatial isolation is 100 dB, the gain of coverage performance is not decreased even when RU is increased.
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Appendix A: Calibration and evaluation assumptions for SLS
[bookmark: _Ref115276463]Table A-1:  Calibration assumptions for SLS.
	　
	Urban Macro (FR1) 
	Dense Urban Macro (FR2-1)

	Carrier frequency
	4 GHz
	30 GHz

	System bandwidth
	100 MHz
	100 MHz

	Numerology
	14 OFDM symbol slot
	14 OFDM symbol slot

	
	SCS = 30 kHz
	SCS = 120 kHz

	BS transmit power: Legacy TDD
	53 dBm for 100MHz
	40 dBm for 100 MHz

	UE Tx power
	23 dBm
	23 dBm

	Layout
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS (2D) distance
	500 m
	200 m

	Minimum BS-UE (2D) distance
	35 m
	35 m

	Minimum UE-UE (2D) distance
	1 m
	1 m

	UE distribution
	UE Clustering
	UE Clustering

	BS antenna height
	25 m
	25 m

	UE antenna height
	1.5 m
	1.5 m

	gNB-UE Channel model (both large and small scale fading) 
	Macro-to-UE: UMa in TR 38.901; AAS and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

	gNB-gNB Channel model (both large and small scale fading)
	Macro-to-Macro: UMa in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

	UE-UE Channel model (both large and small scale fading)
	UE-to-UE: UMi-Street canyon in TR 38.901

	BS antenna array configuration for legacy TDD
	(M,N,P,M_g,N_g;M_p,N_p ) = (8,8,2,1,1; 2,8)
	(M,N,P,M_g,N_g;M_p,N_p ) = (4,16,2,2,2; 1,1)

	
	(d_H,d_V )= (0.5, 0.8)λ,  +45°/-45° polarization
	(d_H,d_V )= (0.5, 0.5)λ,  +45°/-45° polarization

	BS antenna array configuration for SBFD
	l  Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD
	l  Option 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD

	UE antenna configuration
	2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
	4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1), (dH,dV) = (0.5, 0.5)λ, 0°,90° polarization

	
	4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
	




Table A-2:  Evaluation assumptions for SLS.
	
	Parameters

	
	Urban Macro (FR1)
	Dense Urban Macro (FR2-1)

	Interference Modelling
	gNB self-interference - αSI
	150.09dB
	135.09dB

	SBFD subband and slot configuration
	SBFD slot configuration
	{XXXXU}

	
	SBFD Subband configuration
	273 Subband: < ND, NU, NG > = <104, 55, 5>
	66 subband: < ND, NU, NG > = <25, 14, 1>

	
	[bookmark: _Hlk131708844][bookmark: _Hlk131708631]UL/DL resource percentage per TDD period
	0.593
	0.61

	BS transmit power & antenna configuration
	BS transmit power for SBFD
	53 dBm
	40 dBm

	
	BS antenna configuration for legacy TDD
	(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8) (dH,dV)  = (0.5, 0.8)λ,  +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np) = (4,16,2,2,2; 1,1) (dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization

	
	BS antenna configuration for SBFD
	 (M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8) (dH,dV)  = (0.5, 0.8)λ,  +45°/-45° polarization
	(M,N,P,Mg,Ng;Mp,Np) = (4,16,2,2,2; 1,1) (dH,dV)  = (0.5, 0.5)λ,  +45°/-45° polarization

	
	BS antenna radiation pattern
	8 dBi
	8 dBi

	
	UE antenna configuration
	0 dBi
	5 dBi

	Traffic Model
	DL/UL traffic assignment for the same UE
	Option 1: Each UE is either assigned UL traffic or DL traffic.

	
	DL/UL FTP packet size
	UL FTP packet size 0.5Mbytes

	
	DL/UL traffic load for legacy TDD
	UL traffic load: 10%/30%/50% Type-2 RU
DL traffic load: 10%/30%/50% Type-2 RU

	Channel model
	gNB-gNB
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)

	
	UE-UE
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

	Others
	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8
	P0= -86 dBm, alpha = 0.9

	
	UE receiver
	MMSE-IRC only suppresses the legacy interference

	
	Channel estimation
	Realistic

	
	Transmission scheme
	OFDM



Appendix B: Link budget analysis for LLS
Table B-1:  Link budget analysis for FR1
	Scenarios for evaluation
	Urban Macro


	Scenarios
	TDD
Low Load
	SBFD
Low Load

	SBFD
Low Load
	TDD
Medium Load
	SBFD
Medium Load
	SBFD
Medium Load

	Spatial isolation (dB)
	-
	75
	100
	-
	75
	100

	Carrier frequency (GHz)
	4 GHz
	4 GHz
	4 GHz
	4 GHz
	4 GHz
	4 GHz

	BS antenna heights (m)
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 

	UT antenna heights (m)
	1.5 
	1.5 
	1.5 
	1.5 
	1.5 
	1.5 

	Cell area reliability (%)
	-
	-
	-
	-
	-
	-

	Lognormal shadow fading std deviation (dB)
	-
	-
	-
	-
	-
	-

	Pathloss model 
	-
	-
	-
	-
	-
	-

	UE speed (km/h)
	3 km/h
	3 km/h
	3 km/h
	3 km/h
	3 km/h
	3 km/h

	Channel for evaluation
	PUSCH
	PUSCH
	PUSCH
	PUSCH
	PUSCH
	PUSCH

	UL-DL configuration for TDD
	 DDDSU S=[12D:2G:0U]
	XXXXU 
	XXXXU 
	 DDDSU S=[12D:2G:0U]
	XXXXU 
	XXXXU 

	Subcarrier Spacing
	30 kHz
	30 kHz
	30 kHz
	30 kHz
	30 kHz
	30 kHz

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

	Frequency hopping
	w/o
	w/o
	w/o
	w/o
	w/o
	w/o

	number of PRBs, TBS and MCS
	PRB = 30, MCS = 4
	PRB = 30, MCS = 4
	PRB = 30, MCS = 4
	PRB = 30, MCS = 4
	PRB = 30, MCS = 4
	PRB = 30, MCS = 4

	BWP size
	100 MHz
	100 MHz
	100 MHz
	100 MHz
	100 MHz
	100 MHz

	DMRS configuration
	Length : 1
Additional : pos1
	Length : 1
Additional : pos1
	Length : 1
Additional : pos1
	Length : 1
Additional : pos1
	Length : 1
Additional : pos1
	Length : 1
Additional : pos1

	Waveform
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM

	Repetition
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 

	HARQ configuration
	w/o
	w/o
	w/o
	w/o
	w/o
	w/o

	Latency requirements for voice 
	-
	-
	-
	-
	-
	-

	PUCCH format type
	-
	-
	-
	-
	-
	-

	Tx Diversity
	-
	-
	-
	-
	-
	-

	Target error rate (BLER, miss detection, false alarm, etc.)
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER

	PRACH format 
	-
	-
	-
	-
	-
	-

	Number of SSB 
	-
	-
	-
	-
	-
	-

	Correlation for TxRU at BS
	-
	-
	-
	-
	-
	-

	Transmitter
	　
	　
	　
	　
	　
	　

	(1) Number of transmit antenna elements.
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(2) (2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	-
	-
	-
	-
	-
	-

	(2a) Number of transmit chains modelled in LLS
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
	12.7 
	12.7 
	12.7 
	12.7 
	12.7 
	12.7 

	(3c) bandwidth used for the evaluated channel  (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
For uplink, (3a) = (3c) 
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 
	10800000.0 

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 

	(4) total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) - (4b)  (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(4a) antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
       =   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
       =   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(4b) antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(4c) gain of antenna element (dBi) 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(5) total antennna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(5a) antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(5b) antena gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	22.0 
	22.0 
	22.0 
	22.0 
	22.0 
	22.0 

	Receiver
	　
	　
	　
	　
	　
	　

	(10) Number of receive antenna elements
	192.0 
	192.0 
	192.0 
	192.0 
	192.0 
	192.0 

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	32.0 
	32.0 
	32.0 
	32.0 
	32.0 
	32.0 

	(10b) Number of receive chains modelled in LLS
	4.0 
	4.0 
	4.0 
	4.0 
	4.0 
	4.0 

	(11)  total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	11.8 
	11.8 
	11.8 
	11.8 
	11.8 
	11.8 

	(11a) antenna gain at antenna gain component 3 & antenna gain component 4 of receiver 
    =  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
    =  (11c) + 10 log (  (10)/(10b) )     (dB) for downlink
	11.8 
	11.8 
	11.8 
	11.8 
	11.8 
	11.8 

	(11b) antena gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(11c) gain of antenna element (dBi)
	4.0 
	4.0 
	4.0 
	4.0 
	4.0 
	4.0 

	(11bis) total antenna gain at antenna gain component 2  of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 

	(11bis-a) antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for donwlink
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 

	(11bis-b) antena gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 

	(13) Receiver noise figure (dB)
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 

	(14) Thermal noise density (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	(15) Receiver interference density (dBm/Hz) 
	-172.0 
	-172.0 
	-172.0 
	-172.0 
	-172.0 
	-172.0 

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-166.0 
	-166.0 
	-166.0 
	-166.0 
	-166.0 
	-166.0 

	(18) Effective noise power = (16) + 10 log((3c))   (dBm)
	-95.7 
	-95.7 
	-95.7 
	-95.7 
	-95.7 
	-95.7 

	(19) Required SNR (dB)
	-5.2 
	-5.2 
	-8.6 
	-5.1 
	-5.1 
	-6.0 

	(20) Receiver implementation margin (dB)
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(22) Receiver sensitivity = (18) + (19)  + (20) – (21)  (dBm)
	-98.9 
	-98.9 
	-102.2 
	-98.8 
	-98.7 
	-99.7 

	(22bis) MCL = (3bis)  - (22) + (5) + (11bis)   (dB)
	130.9 
	130.9 
	134.3 
	130.8 
	130.8 
	131.7 

	(23) Hardware link budget, a.k.a MIL  = (9) + (11) + (11bis) - (12) - (22)(dB)
	138.7 
	138.7 
	142.1 
	138.6 
	138.5 
	139.5 

	Calculation of available pathloss
	　
	　
	　
	　
	　
	　

	(25) Shadow fading margin  (function of the cell area reliability and lognormal shadow fading std deviation ) (dB)
	4.5 
	4.5 
	4.5 
	4.5 
	4.5 
	4.5 

	(26) BS selection/macro-diversity gain (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(27) Penetration margin (dB)
	26.3 
	26.3 
	26.3 
	26.3 
	26.3 
	26.3 

	(28) Other gains (dB) (if any please specify)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(29) MPL : Available path loss = (23) – (25) + (26) – (27) + (28)   (dB)
	108.0 
	108.0 
	111.3 
	107.8 
	107.8 
	108.7 



Table B-2:  Link budget analysis for FR2-1
	Scenarios for evaluation
	Dense Urban Macro

	Scenarios

	TDD
Low Load
	SBFD
Low Load
	SBFD
Low Load
	TDD
Medium Load
	SBFD
Medium Load
	SBFD
Medium Load

	Spatial isolation (dB)
	　-
	　88
	　105
	　-
	88
	105

	Carrier frequency (GHz)
	28 GHz
	28 GHz
	28 GHz
	28 GHz
	28 GHz
	28 GHz

	BS antenna heights (m)
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 
	25.0 

	UT antenna heights (m)
	1.5 
	1.5 
	1.5 
	1.5 
	1.5 
	1.5 

	Cell area reliability (%)
	-
	-
	-
	-
	-
	-

	Lognormal shadow fading std deviation (dB)
	-
	-
	-
	-
	-
	-

	Pathloss model 
	-
	-
	-
	-
	-
	-

	UE speed (km/h)
	30 km/h
	30 km/h
	30 km/h
	30 km/h
	30 km/h
	30 km/h

	Channel for evaluation
	PUSCH
	PUSCH
	PUSCH
	PUSCH
	PUSCH
	PUSCH

	UL-DL configuration for TDD
	 DDDSU S=[12D:2G:0U]
	 XXXXU 
	 XXXXU 
	 DDDSU 
S=[12D:2G:0U]
	 XXXXU 
	 XXXXU 

	Subcarrier Spacing
	120 kHz
	120 kHz
	120 kHz
	120 kHz
	120 kHz
	120 kHz

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

	Frequency hopping
	w/o
	w/o
	w/o
	w/o
	w/o
	w/o

	number of PRBs, TBS and MCS
	PRB = 25, MCS = 7
	PRB = 25, MCS = 7
	PRB = 25, MCS = 7
	PRB = 25, MCS = 7
	PRB = 25, MCS = 7
	PRB = 25, MCS = 7

	BWP size
	200 MHz
	200 MHz
	200 MHz
	200 MHz
	200 MHz
	200 MHz

	DMRS configuration
	Length : 1
Additional : pos2
	Length : 1
Additional : pos2
	Length : 1
Additional : pos2
	Length : 1
Additional : pos2
	Length : 1
Additional : pos2
	Length : 1
Additional : pos2

	Waveform
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM
	 DFT-s-OFDM

	Repetition
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 

	HARQ configuration
	w/o
	w/o
	w/o
	w/o
	w/o
	w/o

	Latency requirements for voice 
	-
	-
	-
	-
	-
	-

	PUCCH format type
	-
	-
	-
	-
	-
	-

	Tx Diversity
	-
	-
	-
	-
	-
	-

	Target error rate (BLER, miss detection, false alarm, etc.)
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER
	10% iBLER

	PRACH format 
	-
	-
	-
	-
	-
	-

	Number of SSB 
	-
	-
	-
	-
	-
	-

	Correlation for TxRU at BS
	-
	-
	-
	-
	-
	-

	Transmitter
	　
	　
	　
	　
	　
	　

	(1) Number of transmit antenna elements.
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 

	(2) (2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	-
	-
	-
	-
	-
	-

	(2a) Number of transmit chains modelled in LLS
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
	7.4 
	7.4 
	7.4 
	7.4 
	7.4 
	7.4 

	(3c) bandwidth used for the evaluated channel  (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
For uplink, (3a) = (3c) 
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 
	36000000.0 

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 
	23.0 

	(4) total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) - (4b)  (dB)
	11.0 
	11.0 
	11.0 
	11.0 
	11.0 
	11.0 

	(4a) antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
       =   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
       =   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	11.0 
	11.0 
	11.0 
	11.0 
	11.0 
	11.0 

	(4b) antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(4c) gain of antenna element (dBi) 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 
	5.0 

	(5) total antennna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(5a) antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(5b) antena gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	33.0 
	33.0 
	33.0 
	33.0 
	33.0 
	33.0 

	Receiver
	　
	　
	　
	　
	　
	　

	(10) Number of receive antenna elements
	256.0 
	256.0 
	256.0 
	256.0 
	256.0 
	256.0 

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(10b) Number of receive chains modelled in LLS
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(11)  total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	27.1 
	27.1 
	27.1 
	27.1 
	27.1 
	27.1 

	(11a) antenna gain at antenna gain component 3 & antenna gain component 4 of receiver 
    =  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
    =  (11c) + 10 log (  (10)/(10b) )     (dB) for downlink
	27.1 
	27.1 
	27.1 
	27.1 
	27.1 
	27.1 

	(11b) antena gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(11c) gain of antenna element (dBi)
	6.0 
	6.0 
	6.0 
	6.0 
	6.0 
	6.0 

	(11bis) total antenna gain at antenna gain component 2  of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(11bis-a) antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for donwlink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(11bis-b) antena gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 
	3.0 

	(13) Receiver noise figure (dB)
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 
	10.0 

	(14) Thermal noise density (dBm/Hz)
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 
	-174.0 

	(15) Receiver interference density (dBm/Hz) 
	-172.0 
	-172.0 
	-172.0 
	-172.0 
	-172.0 
	-172.0 

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-161.0 
	-161.0 
	-161.0 
	-161.0 
	-161.0 
	-161.0 

	(18) Effective noise power = (16) + 10 log((3c))   (dBm)
	-85.4 
	-85.4 
	-85.4 
	-85.4 
	-85.4 
	-85.4 

	(19) Required SNR (dB)
	3.5 
	-3.8 
	-4.4 
	5.8 
	-0.3 
	-2.2 

	(20) Receiver implementation margin (dB)
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 
	2.0 

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(22) Receiver sensitivity = (18) + (19)  + (20) – (21)  (dBm)
	-80.0 
	-87.2 
	-87.9 
	-77.7 
	-83.8 
	-85.6 

	(22bis) MCL = (3bis)  - (22) + (5) + (11bis)   (dB)
	103.0 
	110.2 
	110.9 
	100.7 
	106.8 
	108.6 

	(23) Hardware link budget, a.k.a MIL  = (9) + (11) + (11bis) - (12) - (22)(dB)
	137.0 
	144.3 
	145.0 
	134.7 
	140.9 
	142.7 

	Calculation of available pathloss
	　
	　
	　
	　
	　
	　

	(25) Shadow fading margin  (function of the cell area reliability and lognormal shadow fading std deviation ) (dB)
	5.2 
	5.2 
	5.2 
	5.2 
	5.2 
	5.2 

	(26) BS selection/macro-diversity gain (dB)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(27) Penetration margin (dB)
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 
	9.0 

	(28) Other gains (dB) (if any please specify)
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	(29) MPL : Available path loss = (23) – (25) + (26) – (27) + (28)   (dB)
	122.8 
	130.1 
	130.8 
	120.5 
	126.7 
	128.5 
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