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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]Introduction
In RAN#94e meeting, the study item on evolution of NR duplex operation has been approved [1].
	[bookmark: _Hlk53838702]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.


To evaluate the performance of subband non-overlapping full duplex (SBFD) and dynamic/flexible TDD in NR networks, the deployment scenarios, evaluation methodologies and simulation assumptions are needed to be discussed and aligned. In this contribution, we provide our views on these aspects for duplex enhancement. Some initial performance evaluation results are also provided.
2. Evaluation methodology and assumptions
There were some previous studies on dynamic TDD including deployment scenarios and simulation assumptions which are provided in TR 38.828 [2]. It is reasonable to reuse the system-level simulation assumptions in TR 38.828 as a starting point for efficient discussions. Proper modifications for the simulation assumptions can be done by taking the realistic deployment scenarios and feasible enablers to support SBFD/dynamic TDD into account. Details of simulation assumptions are shown in Annex.
[bookmark: _Ref102059445][bookmark: _Ref53483663][bookmark: _Hlk53838279]Proposal 1: For SBFD and dynamic TDD evaluation, system-level simulation assumptions in TR 38.828 can be used as a starting point.
2.1. [bookmark: _Hlk54103374]Deployment scenarios
Non co-existence scenarios
The non-coexistence scenarios focus on the cases that the serving cell and neighbor cells operate in SBFD/dynamic TDD, i.e., there is no legacy gNBs. There are 5 deployment scenarios given in TR38.828, which are Urban Macro (UMa), 1-layer Dense Urban (DU), Indoor Hotspot (InH), Indoor-to-Macro and Dense Urban (DU). Compared to UMa, 1-layer DU and InH, Indoor-to-Macro and DU have a two-layer structure, which makes the simulation more complex. For UMa, 1-layer DU and InH scenarios, the key factors to impact on system performance, i.e., inter-subband and intra-subband CLI, such as between UE-to-UE, low power TRP to low power TRP, high power TRP to high power TRP can be well evaluated. In order to get the simulation results as soon as possible, we prioritize UMa, 1-layer DU and InH, and the two-layer scenarios can be considered later.
[bookmark: _Ref102059454]Proposal 2: For non-coexistence scenarios in SBFD or dynamic TDD evaluation, UMa, 1-layer DU and InH can be high priority.
Co-existence scenarios
The co-existence scenarios refer to SBFD/dynamic TDD gNB and legacy gNB coexistence. We consider a 100% grid-shifted deployment of gNB among multiple operators to avoid strong co-location interference, especially when SBFD/dynamic TDD gNBs and legacy gNB is co-channel. The deployments of gNB are shown in Figure 1 and Figure 2, the red dots indicate SBFD or dynamic TDD gNB, and the blue dots indicate legacy gNB. 


[bookmark: _Ref102058719]Figure 1. Multiple operators Layout for UMa or 1-layer DU
[image: ]
[bookmark: _Ref102058748]Figure 2. Multiple operators Layout for InH
[bookmark: _Ref102059457]Proposal 3: 100% grid-shifted deployment of gNB can be used for multiple operators’ co-existence scenarios.
[bookmark: _Ref102059458]Proposal 4: For co-coexistence scenarios in SBFD or dynamic TDD evaluation, UMa, 1-layer DU and InH, can be considered.
2.2. Traffic model
In SBFD or Dynamic TDD, to achieve a better system performance for both downlink and uplink, more resources could be allocated for downlink when more downlink traffic is available and more resources could be allocated for uplink when more uplink traffic is available, that is the ratio of uplink and downlink resources is closely related to the ratio of uplink and downlink traffic. To fully check the system performance and observe the system interference of SBFD or dynamic TDD, both downlink and uplink traffics for each user in the simulation are needed. 
For this evaluation, burst traffic is appropriate. We suggest to use the FTP3 model and take different packet sizes, different service loads, and different ratios of downlink and uplink traffic loads into account. The detailed configuration is shown in Table 1.
[bookmark: _Ref102058906][bookmark: _Ref54384991]Table 1. Traffic configuration for evaluation of NR duplex enhancement
	Traffic model
	Packet size
	arrival rate λ
	Traffic load
	Ratio of DL/UL traffic

	FTP3
	0.1Mbytes
	Based on traffic load
	Low:25%
Medium:50%
[high:80%, optional]
	{2:1}
{4:1}
[{1:1}, optional]

	
	0.5Mbytes
	
	
	

	
	1.5Kbytes
	100p/s
	--
	--


[bookmark: _Ref102059459]Proposal 5: For NR duplex evolution, traffic configuration in Table 1 can be considered as the starting point.
2.3. Evaluation cases
To compare the performance of difference schemes, following cases as shown in Table 2 can be considered in the evaluation.
· Case 1: Semi-static slot/frequency format configuration
· Case 1-1: Semi-static TDD: the semi-static TDD configuration in the field can be used as the bassline, e.g., DDDSU
· Case 1-2: Semi-static SBFD: SBFD with semi-static DL and UL sub-band allocation, using the same UL-DL resource ratio with case 1-1
· Case 2: Dynamic slot/frequency format configuration
· Case 2-1: Dynamic TDD: Dynamic slot format configuration based on traffic
· Case 2-2: Dynamic SBFD: SBFD with dynamic DL and UL sub-band allocation based on traffic
For case 1, the TDD slot format or resources in frequency-domain (name as frequency format for short) are semi-static configured. The semi-static configuration can simplify the scheduling at BS and the interference coordination across different cells. 
To evaluate the performance benefit of new duplexing scheme, i.e., SBFD, proper baseline scheme should be selected. One straightforward baseline can be the TDD configuration from the real deployment, i.e., case 1-1 with UL-DL configuration as DDDSU. Furthermore, the case 2-1, i.e., dynamic TDD has been supported since Rel-15, even though not deployed in the field, it can also be considered as 2nd baseline scheme to better understand if SBFD can provide meaningful gain compared with the most advanced duplexing scheme supported by current specification. 
[bookmark: _Ref102059461]Proposal 6: For the study of performance gain by SBFD, following baseline schemes can be compared with
· 1st baseline:  TDD with semi-static UL-DL configuration.
· 2nd baseline: dynamic TDD
For SBFD, since some DL resources are changed to UL resources, the DL performance is expected to be impacted. Therefore, both the improvement of UL performance and the impact on DL performance should be considered for SBFD evaluation.
Besides, for case 1, to have a fair comparison, the same traffic load needs to be assumed for all the three sub-cases, in other word, the DL-to-UL resource ratio is assumed to be the same for all the three subcases. 
[bookmark: _Ref102059462]Proposal 7: For fair comparison between semi-static SBFD and semi-static TDD, the DL-to-UL resource ratio is assumed to be the same.
For case 2, the DL and UL resources are dynamically allocated in either time domain (dynamic TDD) or frequency domain (dynamic SBFD). The purpose is to evaluate whether and to what extent the potential performance improvement can be achieved by dynamically/flexibly changing DL/UL resources in the frequency domain compared to dynamic TDD that can dynamically/flexibly change DL/UL resources in the time-domain. The dynamic frequency format by SBFD or dynamic slot format by dynamic TDD is expected to adapt the resource allocation to be matched with the dynamic change of traffic load and traffic pattern.  
[bookmark: _Ref102059464]Proposal 8: For SBFD with dynamic frequency format, the baseline is case 2-1.
[bookmark: _Ref102059044]Table 2: Schemes in the evaluation 
	Scheme
	Example

	Case 1-1: semi-static TDD 
(Baseline 1)
	


	Case 1-2: Semi-static SFBC 
	


	Case 2-1: Dynamic TDD
(Baseline 2)
	


	Case 2-2: Dynamic SBFD
	



2.4. Performance metrics 
[bookmark: _Ref54383813]Following performance metrics could be evaluated to investigate and analysis the performance from both the UL and DL perspective.
Latency
Compared with legacy TDD with semi-static UL-DL configuration, uplink packets can be transmitted faster in SBFD, and meanwhile the transmission latency of downlink packets may be increased which depends on the traffic load and how many resources in the frequency domain in the DL slot are allocated for UL. However, such negative impact for DL can be reduced if some frequency domain resources in the UL slot can be allocated for DL as well. It should be noted that dynamic TDD is expected to provide better latency performance compared with semi-static TDD as well. The latency performance can be used to investigate the impact of available resources for uplink or downlink in the slots. Because each user may have individual channel quality and corresponding scheduled resource, resulting in different latency performance, packet latency for each user can be collected individually. For a user, latency for each delivered packet is collected, which is measured from the time when the packet arrives in the transmission buffer of the transmitter, to the time when the packet is received successfully by the receiver. Then latency is averaged among all delivered packets for the user to calculate the packet delay for the user. Packet latency for all users during simulation can be drawn in a latency CDF curve, and then the mean, 5, 50, 95% latency can be used to shown the latency performance.
UPT
UPT (User perceived throughput) can be provided to show the capacity performance. UPT for each user can be collected and drawn in a UPT CDF curve, and then the mean, 5, 50, 95% UPT can be used to shown the throughput performance. Similar as the analysis for latency, if the SBFD is only allowed in DL slot, then there will be some DL throughput loss. But it can be reduced if the SBFD is also allowed in the UL slot.  
Resource utilization (RU)
RU is used to indicate the system load. For SBFD, gNBs transmit and receive in the same slot, guard bands are needed between uplink and downlink resources to avoid excessive interference, which adds some additional overhead. The current RU calculation formula is (number of occupied resources for a given link direction) / (total resources with the given link direction). However, this approach cannot show the performance impact caused by adding additional guard band of the SBFD. Therefore, we propose to modify the formula for RU to (number of occupied resources for a given link direction) / (total resources).
SINR
Compared with legacy TDD, the different transmission directions in different subband lead to inter-subband cross link interference, and the transmission directions among different SBFD gNBs leads to additional cross link interference. Hence, received SINR can be used to investigate the interference situation and for calibration in the early evaluation phase.
[bookmark: _Ref102059465]Proposal 9: The following performance metrics can be considered for NR duplex evolution,
· Latency (mean, 5, 50, 95 %) 
· User-perceived throughput (mean, 5, 50, 95 %)
· Resource utilization
· RU = 
· CDF of received SINR
2.5. Interference types analysis
· Interference types
In current TDD commercial network, the same UL-DL configuration is deployed in different cells to avoid the interference from different transmission directions. For SBFD operation, the UL and DL transmission simultaneously occur at gNB side, which would introduce new interference types different from the existing ones. At UE side, transmission from other UEs with different transmission direction creates the new cross link interference terms which also may deteriorate the received SINR. In extreme case, the desired signal may totally be drowned out by the interference signals and cannot be restored successfully. This would degrade system performance significantly. 
In this section, interference types are analyzed for the following two scenarios.
· Scenario 1: both gNB A and gNB B operate in SBFD mode with the same configuration. 


[bookmark: _Ref102059788]Figure 3. SI and CLI in Scenario 1
For gNB side, taking Figure 3 as an example, typically, UL transmission of UE3 would introduce inter-cell interference to cell A, i.e., ① in the Figure.
DL subband transmission from gNB A would introduce self-interference to UL subband reception, as described in ③ of Figure 3. Besides self-interference, gNB A also suffers various types of cross link interference from other gNB and UEs of the same cell or different cell. For instance, DL subband transmission of gNB B would bring co-channel inter-subband CLI, as shown in ④ of Figure 3. 
For UE side, UL subband transmission of UE3 and UE 2 would lead to co-channel inter-subband CLI for UE 1,  as depicted in ⑦ and ⑥, respectively. DL transmission of gNB B would lead to inter-cell interference to UE 1, i.e., ② in the Figure.
In case of gNB A and gNB B deployed in different frequency band, ①, ②, ④and⑦ are from adjacent channel CLI.
· Scenario 2: gNB A operates in full duplex mode while gNB B operates at legacy TDD mode


[bookmark: _Ref102059969]Figure 4. SI and CLI in Scenario 2
Most interference conditions of scenario 2 is the same as scenario 1. Compared to scenario 1, gNB A suffers an  extra intra-subband CLI in the UL subband from gNB B, as shown in ⑤ of Figure 4.
In case of gNB A and gNB B deployed in different frequency band, ①, ②and ④are from adjacent channel CLI.

· Scenario 3: gNB A and gNB B operate in SBFD mode with the different configuration 
Scenario 3 is more complicated than Scenario1 and Scenario 2. In this scenario, UE 1 additionally suffer the inter-cell intra-subband CLI from UE 3, i.e., ⑧ in Figure 5.
In case of gNB A and gNB B deployed in different frequency band, adjacent channel CLI is same as scenario 1.



[bookmark: _Ref102060049][bookmark: _GoBack]Figure 5 CLI in Scenario 3
Table 3 lists the interference types for scenario 1-3 where interference ③ ~ ⑧ highlighted by yellow color is particular in full duplex scenario. It can be observed that more complicated interference types take place in SBFD operation, which should be investigated and considered in evaluation carefully.   
[bookmark: _Ref102060150]Table 3 interference types for full duplex operation
	Index
	Aggressor/victim
	Channel/subband
	Details

	①
	UE-to-BS
	Co-channel intra-subband or Adjacent-channel
	UL-to-UL interference, legacy

	②
	BS-to-UE
	Co-channel intra-subband or Adjacent-channel
	DL-to-DL interference, legacy

	③
	BS-to-BS
	Co-channel inter-subband
	Self-interference

	④
	BS-to-BS
	Co-channel inter-subband or Adjacent-channel
	Inter-cell CLI

	⑤
	BS-to-BS
	Co-channel intra-subband 
	Inter-cell CLI 

	⑥
	UE-to-UE
	Co-channel inter-subband
	Intra-cell CLI

	⑦ 
	UE-to-UE
	Co-channel inter-subband or Adjacent-channel
	Inter-cell CLI

	⑧
	UE-to-UE
	Co-channel intra-subband
	Inter-cell CLI 


[bookmark: _Ref102059476]Observation 1: New interference types e.g., self-interference and inter-subband CLI are introduced in full duplex operation, which may have impacts on the system performance.
[bookmark: _Ref102059467]Proposal 10: Modeling of the interference types highlighted by yellow color in Table 3 should be investigated for SBFD evaluation. 
· Channel modeling for CLI
In the simulation parameters given in TR 38.828, it is recommended to use the channel model in TR38.803 for BS-to UE and BS-to-BS, while for UE-to-UE the channel model in TR 36.828 is used. The channel model in TR 38.803 does not give a model for small-scale fading, which will lead to a decrease in the accuracy of the simulation results, especially for the BS-to-UE. In addition, the channel model in TR 36.828 is commonly used in LTE evaluation. In previous NR evaluations, the channel model in TR38.901 was widely used. Therefore, 
For SBFD evaluation, we recommend reusing the channel model in TR38.901 for BS-to-BS and UE-to-UE channel modeling. Some necessary modifications can be considered for the BS-to-BS and UE-to-UE channel modeling
[bookmark: _Ref102156361]Proposal 11: The channel model in TR38.901 with necessary modification can be used for BS-to-BS and UE-to-UE channel modeling.
3. Performance Evaluation Results
Based on the discussion in section 2, some initial evaluation results for FR1 in Indoor Hotspot deployment scenario are presented in Table 4 to Table 8, Figure 6 and Figure 7. Besides, in the evaluations, following models and assumptions are adopted.
· Channel modeling: In this evaluation, for BS-to-UE and UE-to-BS, both large-scale fading and small-scale fading are modeled, and for BS-to-BS and UE-to-UE, only large-scale fading is modeled according to TR 38.901.
· Guard band: Based on minimum guard band defined in TS 38.101-1 and TS 38.101-2, the guard band between downlink and uplink resource in same slot is 3 PRB for FR 1 and 7 PRB for FR 2 in the preliminary evaluation. Considering the large in-band emissions (IBE), the performance for the UL resources close to the boundary of DL subband may be relatively poor, and it may be necessary to consider a larger guard band to ensure the transmission performance of the resources around the DL boundary. The proper guard band size should be discussed preferably aligned among companies.
· Interference modeling: As described in section 2.5 and Annex Note.
In the evaluations, we evaluate the performance for the following two cases. As discussed above, the same ratio of DL to UL resource are assumed between the two cases. 
· Case 1-1: Semi-static TDD (DDDSU)
· Case 1-2: Semi-static SBFD
Table 4, Table 5 show the DL and UL UPT performance while Table 6 and Table 7 show the DL and UL latency. From the results, we have following observations. Both DL and UL latency have been improved. The performance gain in UL for SBFD is mainly because there are more UL resources in each slot compared to legacy TDD. Hence, the transmission delay of UL packets can be greatly reduced as shown in Table 7. In DL, the transmission delay of UL can also be beneficial for HARQ-ACK feedback. In result, DL performance can be improved for SBFD regarding 5% and 50%-tile UPT. On the other hand, due to the reduced DL frequency resources in a slot, some performance loss is observed for 95%-tile DL UPT.
[bookmark: _Ref102156324]Observation 2: For FTP traffic with large packet size (0.5Mbyte)
· In UL, it can be observed that semi-static SBFD achieves significant performance gains for the mean UPT and 5%/50%/95%-tile UPT, compared to semi-static TDD
· In DL, it can be observed that semi-static SBFD achieves better performance for the mean UPT and 5%/50% UPT, while some performance loss for 95%-tile UPT, compared to semi-static TDD
[bookmark: _Ref102137399]Table 4. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
1.8 p/s arrival rate for DL
0.9 p/s arrival rate for UL
	Case 1-1
	501.0847
	300.9104
	491.2394
	712.4103

	
	Case 1-2
	507.5088
	333.4627
	511.5531
	643.5979

	
	Gain
	1.3%
	10.8%
	4.1%
	-9.7%



Table 5. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
1.8 p/s arrival rate for DL
0.9 p/s arrival rate for UL
	Case 1-1
	112.8236
	79.90267
	110.2887
	153.4016

	
	Case 1-2
	185.7324
	148.6073
	186.6113
	223.6436

	
	Gain
	64.6%
	86.0%
	69.2%
	45.8%



Table 6. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	Mean (ms)
	5% (ms)
	50% (ms)
	95% (ms)

	packet size 0.5 Mbytes
1.8 p/s arrival rate for DL
0.9 p/s arrival rate for UL
	Case 1-1
	9.967
	6.109
	9.403
	15.903

	
	Case 1-2
	9.308
	6.513
	8.776
	13.861



Table 7. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	Mean (ms)
	5% (ms)
	50% (ms)
	95% (ms)

	packet size 0.5 Mbytes
1.8 p/s arrival rate for DL
0.9 p/s arrival rate for UL
	Case 1-1
	49.969
	30.535
	49.174
	72.41

	
	Case 1-2
	25.8
	19.56
	25.144
	34.217



[bookmark: _Ref102137578]Table 8. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.5 Mbytes
1.8 p/s arrival rate for DL
0.9 p/s arrival rate for UL
	Case 1-1
	10.85%
	5.90%

	
	Case 1-2
	9.65%
	3.83%



InH, FR 1, packet size 0.5 Mbytes, 1.8 p/s arrival rate for DL, 0.9 p/s arrival rate for UL
[image: ][image: ]
[bookmark: _Ref102158209][bookmark: _Ref102142332]Figure 6. CDF of received SINR
Figure 6 show the DL and UL received SINR, compared with semi-static TDD, the received SINR of SBFD will be significantly improved, especially for UL. The resources in SBFD are more uniformly distributed, the probability of intra-subband interference between different gNB is reduced, which leads to improved received SINR. At the same time, SBFD introduces additional interference which is inter-subbands interference, but this interference is caused by power leakage on the transmission resources and will be much smaller compared to co-channel interference. According to Table 8, the RU of SBFD is lower than that of semi-static TDD, which further contributes to the interference reduction of SBFD.
4. Conclusion
In this contribution, we provide our views on NR duplex evolution, and give out initial simulation results with the following observations and proposals:
Observation 1: New interference types e.g., self-interference and inter-subband CLI are introduced in full duplex operation, which may have impacts on the system performance.
Observation 2: For FTP traffic with large packet size (0.5Mbyte)
· In UL, it can be observed that semi-static SBFD achieves significant performance gains for the mean UPT and 5%/50%/95%-tile UPT, compared to semi-static TDD
· In DL, it can be observed that semi-static SBFD achieves better performance for the mean UPT and 5%/50% UPT, while some performance loss for 95%-tile UPT, compared to semi-static TDD
Proposal 1: For SBFD and dynamic TDD evaluation, system-level simulation assumptions in TR 38.828 can be used as a starting point.
Proposal 2: For non-coexistence scenarios in SBFD or dynamic TDD evaluation, UMa, 1-layer DU and InH can be high priority.
Proposal 3: 100% grid-shifted deployment of gNB can be used for multiple operators’ co-existence scenarios.
Proposal 4: For co-coexistence scenarios in SBFD or dynamic TDD evaluation, UMa, 1-layer DU and InH, can be considered.
Proposal 5: For NR duplex evolution, traffic configuration in Table 1 can be considered as the starting point.
Proposal 6: For the study of performance gain by SBFD, following baseline schemes can be compared with
· 1st baseline:  TDD with semi-static UL-DL configuration.
· 2nd baseline: dynamic TDD
Proposal 7: For fair comparison between semi-static SBFD and semi-static TDD, the DL-to-UL resource ratio is assumed to be the same.
Proposal 8: For SBFD with dynamic frequency format, the baseline is case 2-1.
Proposal 9: The following performance metrics can be considered for NR duplex evolution,
· Latency (mean, 5, 50, 95 %) 
· User-perceived throughput (mean, 5, 50, 95 %)
· Resource utilization
· RU = 
· CDF of received SINR
Proposal 10: Modeling of the interference types highlighted by yellow color in Table 3 should be investigated for SBFD evaluation.
Proposal 11: The channel model in TR38.901 with necessary modification can be used for BS-to-BS and UE-to-UE channel modeling.
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Annex
[bookmark: _Hlk54274303]System-level simulation assumption for NR Full Duplex
	Parameters
	Value

	Scenario
	Urban Macro
	1-layer Dense Urban
	Indoor hotspot

	Layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	12 BSs per 120 m x 50 m

	Inter-BS distance
	500m
	200m
	20m

	Minimum UE-UE (2D) distance
	2m

	Carrier frequency
	4GHz
	4GHz
	30GHz

	Simulation bandwidth
	100MHz
	100MHz
	200MHz

	Subcarrier spacing
	30kHz
	30kHz
	60kHz

	Channel model [NOTE 1]
	TR 38.901

	BS Tx power
	49dBm
	44dBm
	24dBm
	23dBm

	UE Tx power
	23dBm
	23dBm
	22.4dBm

	UL power control
	P0 = -80, Alpha = 0.8
	P0 = -60, Alpha = 0.6

	BS receiver noise figure
	5dB
	5dB
	10dB

	UE receiver noise figure
	9dB
	9dB
	10dB

	UE distribution
	80% indoor and 20% outdoor
	100% indoor

	BS antenna height
	25m
	3m

	UE antenna height
	hUT = 3(nf1-1) +1.5
nf1 for outdoor UEs: 1
nf1 for indoor UEs: nf1~uniform (1, Nf1) where Nf1 = 1
	1.5m

	BS antenna element gain + connector loss
	5dBi
	3.5dBi
	3dBi

	BS antenna configurations
	(M,N,P,Mg,Ng;Mp,Np)= (8,8,2,1,1;2,8)
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1;1,2)
	(M,N,P,Mg,Ng;Mp,Np)= (4,8,2,1,1;2,2)

	Mechanic tilt
	90。 (Pointing to horizontal direction)
	180。in GCS (pointing to the ground)

	Beam set at TRxP
	Azimuth angle φi = [0], Zenith angle θj = [102].
	Azimuth angle φi = [0], Zenith angle θj = [96].
	Azimuth angle φi = [0], Zenith angle θj = [90].
	Azimuth angle φi = [-67.5, -22.5, 22.5, 67.5], Zenith angle θj = [45, 135] [NOTE 2].

	UE antenna gain
	0dBi
	3dBi

	UE antenna configurations
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1; 1,2)

	UE beam set
	Azimuth angle φi = [0], Zenith angle θj = [90].

	receiver
	MMSE-IRC as the baseline receiver

	Handover margin
	3dB

	Interference modeling
	1) [bookmark: _Hlk101277412]gNB Self-interference [NOTE 3];
2) Co-channel intra-subband gNB-to-gNB/UE;
3) Co-channel inter-subband gNB-to-gNB/UE [NOTE 4];
4) Co-channel intra-subband UE-to-gNB/UE;
5) Co-channel inter-subband UE-to-gNB/UE [NOTE 5];
6) Adjacent-channel interference.

	NOTE 1: Only large-scale fading is modeled for cross link.
NOTE 2: The candidates beams are determined by DFT Beam Selection.
NOTE 3: For self-interference cancellation at gNB side, -65dB loss for spatial isolation is considered, and the ACLR of gNB is used to frequency isolation.
NOTE 4: Since there are no in-band emissions (IBE) for gNB, the ACLR of gNB is used.
NOTE 5: The IBE is used to defined as the interference falling into the non-allocated resource blocks for all component carriers.



11/12
image1.emf
I

S

D


Microsoft_Visio_2003-2010_Drawing.vsd
�

ISD



image2.emf
5m

7.5

m

50m

10m

15m

7.5m

10m

10m

120m

5m


image3.emf
D U D D D


Microsoft_Visio_Drawing.vsdx
D
U
D
D
D



image4.emf
D

U

D

U

D

U

D

U

D

U


Microsoft_Visio_2003-2010_Drawing1.vsd
D


U


D


U


D


U


D


U


D


U



image5.emf
F F F F F


Microsoft_Visio_Drawing1.vsdx
F
F
F
F
F



image6.emf
F

F

F

F

F

F

F

F

F

F

F

F

F

F

F


Microsoft_Visio_Drawing2.vsdx
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F



image7.emf
D

U U

DL signal

UL signal

UE-to-UE intra-cell inter-subband CLI

UE-to-UE inter-cell inter-subband CLI

Self-interference gNB

DL-DL inter-cell interference

UL-UL inter-cell interference

gNB-to-gNB inter-subband CLI

ķ

D

D

U U

D

ĸ

Ĺ

ĺ

ļ

Ľ

A

B

UE 1

UE 2

UE 3

ķ

Ĺ

ĸ

ļ

Ľ

ĺ


Microsoft_Visio_Drawing3.vsdx
D
U
U
DL signal
UL signal
UE-to-UE intra-cell inter-subband CLI
UE-to-UE inter-cell inter-subband CLI
Self-interference gNB
DL-DL inter-cell interference
UL-UL inter-cell interference
gNB-to-gNB inter-subband CLI
①
D
D
U
U
D
②
③
④
⑥
⑦
A
B
UE 1
UE 2
UE 3
①
③
②
⑥
⑦
④



image8.emf
D

U U

DL signal

UL signal

UE-to-UE intra-cell inter-subband CLI

Self-interference gNB

DL-DL inter-cell interference

UL-UL inter-cell interference

gNB-to-gNB inter-subband CLI

ķ

D

D U

ĸ

Ĺ

ĺ

Ļ

ļ

gNB-to-gNB intra-subband CLI

A

B

UE 1

UE 2

UE 3

ķ

Ĺ

ĸ

ļ

ĺ

Ļ


Microsoft_Visio_Drawing4.vsdx
D
U
U
DL signal
UL signal
UE-to-UE intra-cell inter-subband CLI
Self-interference gNB
DL-DL inter-cell interference
UL-UL inter-cell interference
gNB-to-gNB inter-subband CLI
①
D
D
U
②
③
④
⑤
⑥
gNB-to-gNB intra-subband CLI
A
B
UE 1
UE 2
UE 3
①
③
②
⑥
④
⑤



image9.emf
DL signal

UL signal

UE-to-UE inter-cell inter-subband CLI

UE-to-UE inter-cell intra-subband CLI

DL-DL inter-cell interference

UL-UL inter-cell interference

ķ

D

U

U

D

ĸ

Ľ

ľ

A

B

UE 1

UE 2

UE 3

ķ

ĸ

Ľ

ľ

D

U

D

D

U

D

ĺ

gNB-to-gNB inter-subband CLI

ĺ

UE-to-UE intra-cell inter-subband CLI

ļ

ļ

Ĺ

Self-interference gNB

Ĺ

Ļ

gNB-to-gNB intra-subband CLI

Ļ


Microsoft_Visio_Drawing5.vsdx
DL signal
UL signal
UE-to-UE inter-cell inter-subband CLI
UE-to-UE inter-cell intra-subband CLI
DL-DL inter-cell interference
UL-UL inter-cell interference
①
D
U
U
D
②
⑦
⑧
A
B
UE 1
UE 2
UE 3
①
②
⑦
⑧
D
U
D
D
U
D
④
gNB-to-gNB inter-subband CLI
④
UE-to-UE intra-cell inter-subband CLI
⑥
⑥
③
Self-interference gNB
③
⑤
gNB-to-gNB intra-subband CLI
⑤



image10.emf
-10 -5 0 5 10 15 20 25 30 35

downlink SINR(dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of downlink received SINR

semi static fd

tdd


image11.emf
-5 0 5 10 15 20 25 30 35

uplink received SINR(dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of uplink received SINR

semi static fd

tdd


