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[bookmark: _Toc116995841]Introduction
The new RAN1/RAN4 study item on evolution of duplex operation for NR TDD systems in unpaired spectrum was adopted [1]. The assumptions are listed as follows: 
· Duplex enhancement at the gNB side 
· Half duplex operation at the UE side 
· No restriction on frequency ranges 
While the work item objectives are the following: 
	· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· 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).



 In the last RAN4 meeting, a way forward on simulation assumptions for the adjacent channel coexistence study was agreed in [2], another way forward was agreed for the UMa-to-Umi scenario coexistence study in [3]. In this document, we present Nokia’s views on the adjacent channel coexistence study according to the latest simulation assumptions agreed in RAN4. 
[bookmark: _Toc116995842]Discussion
 We present in this section several of our coexistence analysis for the Urban Macro scenario defined in [3]. 
NR TDD DL as victim (Case 1)

	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	 NR TDD DL
	SBFD (DU)
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Case 1
	NR TDD DL
	High



In this deployment case, the victim operator adopts NR TDD DL while the aggressor adjacent operator uses NR TDD DL as baseline and SBFD (DU) otherwise. This case evaluates how much of the DL transmissions of the aggressor operator leaks into the victim operator band and the implications on the DL performance. Our assumptions are in line with the latest agreements and WF agreed in previous meetings. Regarding the frame configuration, we assume “DDDDD” and “XXXXX” for NR TDD DL and SBFD respectively, where “D” denotes a downlink slot and “X” denotes a {DU} SBFD slot. The key aspects between having SBFD or TDD as an aggressor technology are the following:
· Since we assume equal PSD for TDD and SBFD and the bandwidth is larger in TDD, one could expect that the adjacent interference generated by the NR TDD DL is higher than SBFD base stations
· If SBFD adopted, the UL transmissions on the adjacent channel also impact the DL performance of the victim.
To have a good understanding of such aspects, we simulate with uniform distribution of the UEs (Urban macro according to RAN4 agreements) and with clusters of UEs (Urban Hotspot according to RAN4 agreements). It is important to note that the outdoor/indoor ratio is different between these 2 scenarios. For the rest of the simulations assumptions please check the Annex or the recent WF for adjacent channel coexistence simulations.
Figure 1 depicts the DL SINR at the NR TDD DL victim channel for both scenarios 
[image: ]
[bookmark: _Ref135059175]Figure 1. DL SINR at victim NR TDD DL when NR TDD DL and SBFD are assumed as aggressors for scenarios Urban Macro (left) and Urban Hotspot (right)
[bookmark: _Toc135075336]For coexistence case 1 and Urban Macro scenario, the DL SINR at the victim NR TDD DL remains almost unchanged regardless of whether NR TDD or SBFD is acting as aggressor technology

[bookmark: _Toc135075337]For coexistence case 1 and Urban Hotspot scenario, the DL SINR at the victim NR TDD DL is further degraded with the presence of SBFD due to the adjacent channel UE-to-UE CLI
Figure 2 shows the 5th and 50th percentiles of the DL SINR comparison between Urban macro and Urban Hotspot case 1. For Urban Macro, there is no degradation of the 5th and the 50th percentiles regardless the aggressor technology. For the Urban Hotspot scenario, on the other hand, there is a degradation in the 5th percentile of about 3 dB when SBFD is the aggressor technology, when compared to an aggressor TDD. In the 50th percentile the degradation is about 2.5 dB.
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[bookmark: _Ref135071651]Figure 2. Summary of the DL SINR for Case 1
[bookmark: _Toc135075338]For coexistence case 1 and Urban hotspot scenario, the 5th and 50th percentiles DL SINR shows clear degradation when SBFD is used (as compared to when TDD DL is used)

Figure 3 shows the absolute values of the downlink throughput for the victim TDD DL. In accordance with the SINR trends, the lowest DL throughput is shown when SBFD is the aggressor and Urban Hotspot scenario is assumed. For the Urban Macro case, no performance difference is observed.
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[bookmark: _Ref135071411]Figure 3. Summary of the DL throughput for Case 1
[bookmark: _Toc135075339]For coexistence case 1 and Urban hotspot scenario, degradation of the DL throughput is observed in both 5th and 50th percentiles when the performance with an aggressor SBFD is compared to the performance of an aggressor TDD. In the 5th percentile, the DL throughput of the victim TDD subject to interference from an aggressor SBFD is approximately half of the throughput obtained when subject to interference from an aggressor TDD.

The absolute values above are put into Table 1, where we show the performance gain/loss in percentage of the DL throughput when comparing “aggressor baseline” with “aggressor”. 
[bookmark: _Ref135074575][bookmark: _Ref135074611]Table 1. Summary table with NR TDD DL relative throughput performance between aggressor baseline (DL TDD) and aggressor (SBFD) for coexistence case 1
	Scenario
	Observation point
	- 4dB
	- 2dB
	Relative ACIR
	+ 2dB
	+ 4dB

	Urban macro
	5th percentile
	TBD
	TBD
	0%
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	+0.49%
	TBD
	TBD

	Urban hotspot 
	5th percentile
	TBD
	TBD
	-42.58%
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	-12.17%
	TBD
	TBD




NR TDD UL as victim (Case 2)

	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	NR TDD UL
	SBFD (DU)
	 

 
Case 2
	NR TDD UL
	Low



In this scenario, the intention is to measure the performance degradation of an NR TDD UL carrier in presence of an aggressor NR TDD UL or an aggressor SBFD. The key aspect of this coexistence case is to analyze the impact of the gNB-to-gNB CLI that appears when the aggressor uses SBFD. In this contribution, we study 100% and 10% grid shift scenarios. 
Figure 4 shows the UL SINR at the victim NR TDD UL carrier for the 2 considered grid-shifts and different aggressors. As expected, SBFD is showing larger SINR degradation than the baseline case (with NR TDD UL as aggressor). The high transmit power at the gNBs creates harmful adjacent cross-link interference to the NR TDD UL gNBs. This effect gets worse when using 10% grid shift since the minimum distance between 2 base stations from different operators is reduced from 289 meters to 28.9 meters. For this coexistence case we assume uniform distribution of the UEs.
Figure 5 details the SINR comparison at the 50th percentile (left) and 5th percentile (right).
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[bookmark: _Ref135071305]Figure 4. UL SINR at victim NR TDD UL when NR TDD UL and SBFD are assumed as aggressors for Urban Macro 100% grid shift (left) and Urban Macro 10% grid shift (right)
[bookmark: _Toc135075340]For coexistence case 2, when SBFD is the aggressor technology, there is UL SINR degradation in all percentiles for 10% or 100% grid shifts, when compared to the UL SINR when the victim is subject to interference from TDD.  


[image: ]
[bookmark: _Ref135074573]Figure 5. Summary of the UL SINR for Case 2
Figure 6 shows the absolute values of the UL throughput at the NR TDD UL victim. As expected, based on the SINR curves, having SBFD as an aggressor reduces the UL throughput due to the presence of gNB-gNB CLI. We also observe that the 5th UL throughput is always 0 for any of the configurations. 
[image: ]
[bookmark: _Ref135071433]Figure 6. Summary of the UL throughput for Case 2
[bookmark: _Toc135075068][bookmark: _Toc135075251][bookmark: _Toc135075320][bookmark: _Toc135075341]Table 2. Summary table with NR TDD UL relative throughput performance between aggressor baseline (UL TDD) and aggressor (SBFD)
	Scenario
	Observation point
	- 4dB
	- 2dB
	Relative ACIR
	+ 2dB
	+ 4dB

	Urban macro – 100% grid shift
	5th percentile
	TBD
	TBD
	-
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	51.53%
	TBD
	TBD

	Urban macro – 10% grid shift
	5th percentile
	TBD
	TBD
	-
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	82.93%
	TBD
	TBD




 SBFD as victim (Case 4)
	Victim
	Aggressor
	Figures: 
Aggressor(left) and Victim(right)
	Aggressor baseline
	Priority

	SBFD (DU)
	NR TDD DL
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Case 4
	 No system in adjacent channel

	High



This coexistence case corresponds to a scenario where a victim operator adopts SBFD while there is no aggressor operator, as baseline, or the aggressor operator adopts NR TDD DL. This case aims to measure how much is SBFD impacted by the presence of a TDD adjacent operator. As agreed in the last meeting, SBFD adopts the piece-wise noise figure model at the base station.
Figure 7(left) shows the DL SINR at the SBFD UEs. It is noted that there is no difference between having or not NR TDD DL transmissions on the adjacent channel. On the other hand, Figure 4 (right) shows the UL SINR at the SBFD gNBs. In this case, the presence of DL transmissions on the adjacent channel show a harmful effect on the UL SINR at any percentile. This is expected to have an impact on the SBFD performance. 
[image: ]
[bookmark: _Ref135074349]Figure 7. DL SINR at the victim SBFD (left) and UL SINR at the victim SBFD (right)
[image: ]
Figure 8. Summary of the DL throughput for Case 4
[image: ]
Figure 9. Summary of the UL throughput for Case 4

	Scenario
	Observation point
	- 4dB
	- 2dB
	Relative ACIR
	+ 2dB
	+ 4dB

	Urban macro - DL
	5th percentile
	TBD
	TBD
	-10.33%
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	-2.91%
	TBD
	TBD

	Urban macro - UL
	5th percentile
	TBD
	TBD
	-
	TBD
	TBD

	
	50th percentile
	TBD
	TBD
	-51.67%
	TBD
	TBD



Based on the figures above, we observe that the SBFD performance is impacted when a NR TDD DL carrier is placed in the adjacent channel. The impact is DL throughput is kept below 10% while the impact on the UL throughput is much higher due to the gNB-to-gNB CLI. 
[bookmark: _Toc135075342]Coexistence simulations shows that, for Case 4, there is impact on the victim SBFD DL SINR between having NR TDD DL or not as the aggressor technology in the adjacent channel. 

[bookmark: _Toc135075343]Coexistence simulations shows that, for Case 4, the presence of DL transmissions on the adjacent channel show clear degradation of the SBFD UL SINR.

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: For coexistence case 1 and Urban Macro scenario, the DL SINR at the victim NR TDD DL remains almost unchanged regardless of whether NR TDD or SBFD is acting as aggressor technology
Observation 2: For coexistence case 1 and Urban Hotspot scenario, the DL SINR at the victim NR TDD DL is further degraded with the presence of SBFD due to the adjacent channel UE-to-UE CLI
Observation 3: For coexistence case 1 and Urban hotspot scenario, the 5th and 50th percentiles DL SINR shows clear degradation when SBFD is used (as compared to when TDD DL is used)
Observation 4: For coexistence case 1 and Urban hotspot scenario, degradation of the DL throughput is observed in both 5th and 50th percentiles when the performance with an aggressor SBFD is compared to the performance of an aggressor TDD. In the 5th percentile, the DL throughput of the victim TDD subject to interference from an aggressor SBFD is approximately half of the throughput obtained when subject to interference from an aggressor TDD.
Observation 5: For coexistence case 2, when SBFD is the aggressor technology, there is UL SINR degradation in all percentiles for 10% or 100% grid shifts, when compared to the UL SINR when the victim is subject to interference from TDD.
Observation 6: Coexistence simulations shows that, for Case 4, there is impact on the victim SBFD DL SINR between having NR TDD DL or not as the aggressor technology in the adjacent channel.
Observation 7: Coexistence simulations shows that, for Case 4, the presence of DL transmissions on the adjacent channel show clear degradation of the SBFD UL SINR.
[bookmark: _Toc116995849]
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Simulation assumptions annex
	Parameters
	Value

	Scenario
	Urban Macro with 19x3=57 hexagonal cells and 500 meters inter-site distance.
Wrap-around disabled
Grid shift = 100%

	Center frequency
	4 GHz

	Carrier bandwidth
	100 MHz

	Duplex scheme
	NR TDD DL: static TDD with “DDDDD”
NR TDD UL: static TDD with “DUUUU”’
SBFD: “XXXXX”, with X = SBFD slot. 80:20 DL/UL sub-band split

	Traffic model
	Full buffer

	Channel modelling
	gNB-UE: TR 38.828 UMa

gNB-gNB: TR 38.828 UMa. Fixed 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 38.828 UMi + penetration losses from TR 38.803

	Base station
	BS height = 25m
Max. transmit power per polarization = 49 dBm
Antenna configuration in TDD = (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
Antenna configuration in SBFD (same gain) = (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
Transmit power in SBFD = same PSD as TDD (Option 1)
Noise figure = 5 dB constant for TDD and piece-wise model for SBFD


	Scheduling
	1 UE per link direction

	Number of UEs
	TDD = 57 UEs in total
SBFD = 114 UEs in total

	UE antenna configuration
	1 Tx/1Rx – Isotropic antenna

	UE positions and outdoor/indoor ratio
	Urban macro = uniformly distributed around the macro cell area. Outdoor:indoor ratio = 80:20
Urban hotspot = 1 cluster per macro cell area with cluster radius of 25 meters. Outdoor:indoor ratio = 20:80. Victim and aggressor share the same cluster

	UE Tx power & noise figure
	23 dBm & 9 dB

	UE power control
	According to TR 36.942
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