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[bookmark: _Ref506539118]Introduction
In this contribution, remaining issues related to the evaluation methodologies are discussed, and evaluation results are provided. Our views related to other aspects of Rel.18 NR duplex evolution are provided in our companion contributions [1][2].
Discussion on Results Collection Template
The following template was agreed as a working assumption at RAN1#112bis-e:
	For summary of companies’ SLS evaluation results for SBFD in the TR, the evaluation results are categorized into X sub-cases (as shown in below table-X for example) based on the different key assumptions. Each sub-case is based on one combination of key assumptions.
Note: How many sub-cases will be determined and which assumptions will be used for the categorization will be discussed and determined based on the final evaluation results and assumptions submitted by companies.
Table X: Sub-cases for Urban Macro in FR1 in SBFD Deployment Case 1.
	Sub-cases
Key assumptions
	SBFD#1_UMa_FR1_Sub#1
	SBFD#1_UMa_FR1_Sub#2
	…
	

	Co-site inter-sector
CLI modelling
(Spatial isolation + digital isolation)
	75dB
	
	
	
	

	
	93dB
	
	
	
	

	
	100dB
	√
	√
	
	

	
	…
	
	
	
	

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

	
	Alt-4:{DDDSU} vs.   {XXXXX}
	
	√
	
	

	
	…
	
	
	
	

	BS transmit power
	53dBm
	
	
	
	

	
	49dBm
	√
	√
	
	

	SBFD antenna configuration
	Twice area&same TxRUs
	√
	√
	
	

	
	Same area&same TxRUs
	
	
	
	

	
	…
	
	
	
	

	Packet Size
	DL: 4Kbytes, UL: 1Kbyte
	√
	√
	
	

	
	DL: 0.5Mbytes, UL: 0.125Mbyte
	
	
	
	

	
	…
	
	
	
	

	…
	…
	
	
	
	

	
	…
	
	
	
	

	Sources
	Source [X], Source [Y]…
	Source [X], Source [Y]…
	
	



For each sub-case, the performance of SBFD and legacy TDD are summarized in table-Y as an example. 
Table-Y: Summary of results for sub-case XX.
	Simple description for the sub-case (e.g., 100dB inter-sector isolation, SBFD Alt2, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte, …)

	
	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
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx%
Source2: xx%
Source3: xx%
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Average-UPT (Mbps)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL RU (%)
	Type-1
	
	
	
	
	
	
	
	
	

	
	Type-2
	
	
	
	
	
	
	
	
	

	UL RU (%)
	Type-1 
	
	
	
	
	
	
	
	
	

	
	Type-2 
	
	
	
	
	
	
	
	
	

	DL Coverage based on SLS (optional)
	MPL(dB)
	
	
	
	
	
	
	
	
	

	UL Coverage based on SLS (optional)
	MPL(dB)
	
	
	
	
	
	
	
	
	

	Note:
- For UPT, the gain can be calculated as: Gain (%) = SBFD UPT / TDD UPT - 1
- For Latency, the increase can be calculated as: Increase (%) = SBFD latency / TDD latency - 1
- For RU, the increase can be calculated as: Increase (%) = SBFD RU (%) - TDD RU (%)
- For optional DL/UL Coverage based on SLS, Gain (dB)= SBFD MPL - TDD MPL






As was commented in the last round of RAN1#112bis-e, there are several remaining issues which need to be resolved before confirming the working assumption:
· Comment 1: We observe that the whole CDF of a given metric is most informative. However, to limit the efforts for collecting and summarizing the results, it may be fine capturing selected points. In this regard, we prefer adding 95% CDF point to the table, considering that in some scenarios a crossing of CDFs is observed, i.e., a gain/loss in 5% and loss/gain in 95%.
· Comment 2: It is also observed, that in scenarios with substantial interference impact and/or with noise limitation (e.g., FR1 Urban Macro), packet latency CDF metric is biased due to the agreement that the unfinished packets are not included into the latency CDF. In this situation, either the ratio of unfinished/dropped packets needs to be reported, or the latency CDF definition need to be modified, e.g., to also include these packets as outage.


Proposal 1:  
· The working assumption related to templates for SLS results collection may be confirmed with two necessary modifications:
· Add 95% CDF point for UPT and Latency metrics.
· Add dropped/unfinished packet ratio.

System Level Evaluations
For system level evaluation, legacy TDD and SBFD are compared following Alt.4 configuration for Case-1. Four scenarios are studied:
· FR1 Indoor scenario;
· FR1 Urban Macro scenario;
· FR2 Indoor scenario;
· FR2 Dense Urban scenario.
More detailed evaluation assumptions can be found in Appendix I. In the following sub-sections, first the interference components for SBFD configuration XXXXX are analysed assuming higher FTP traffic loading. Second, in the next sub-section, packet delay metrics are shown for legacy TDD, SBFD without new interference modelled, and SBFD with full interference modelling.
Interference Components Breakdown
In this section, SBFD scenarios are analysed in terms of sensitivity to different interference components introduced by SBFD operation, for the co-channel case:
· (0XX or 1XX) Inter-subband UE-UE interference, caused by in-band emission and in-channel selectivity,
· (X0X or X1X) Inter-subband gNB-gNB interference, caused by in-band leakage and in-channel selectivity, including inter-sector interference,
· (XX0 or XX1) gNB inter-subband self-interference.
Here in the notations for results we use separate flags to indicate whether the interference component model is enabled (1) or disabled (0). For example, if all interference components are enabled, the flags are set to ‘111’, if all interference components are disabled, the flags are set to ‘000’, if only UE-UE inter-subband interference enabled, flags are set to ‘100’.
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Figure 1. FR1 Urban Macro Scenario interference components breakdown

As it can be observed for FR1 Urban Macro scenario, whenever UE-UE inter-subband interference component is enabled, the performance in DL degrades significantly. This is explained by indoor-to-outdoor serving links environment which makes the communication link quality itself already limited in DL and UL, creating many power-limited UEs. These power-limited UEs transmit near full power in UL and emit huge interference outside of their allocation into DL sub-bands. With UE clustering distribution, the UE-UE coupling loss results in interfering the DL reception of the other UE in the same building with very high interference level dropping DL SINR down to minus 40 dB in some cases.
The decreased DL channel quality also increases DL resource usage and consequently increases self-interference and leakage issues for UL direction.
UL performance is affected by inter-subband gNB-gNB interference, with self-interference component having a limited impact according to the agreed model.
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Figure 2. FR1 Indoor Scenario interference components breakdown

In FR1 Indoor scenario, the situation is different from Macro due to much better serving link quality and much less pronounced TX power levels in UL. Still UE-UE inter-subband interference is visible, although it does not limit the performance in this scenario and the considered loading. UL performance is practically unaffected.
	[image: ]

	[image: ]


Figure 3. FR2 Dense Urban Scenario interference components breakdown

Inherently good spatial isolation in FR2 leads to almost no impact observed for DL in Dense Urban scenario. For UL, there is degradation caused by gNB-gNB inter-subband interference components and gNB self-interference components.
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Figure 4. FR2 Indoor Scenario interference components breakdown

Inherently good spatial isolation in FR2 leads to almost no impact observed for both DL and UL in Indoor scenario.

Observation 1:
· From the interference components analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 DL operation is insensitive to new interference components from SBFD up to higher loading in FTP traffic.
· FR2 UL operation is affected by the new interference components from SBFD for Dense Urban scenario but does not experience outage in SINR.
· FR1 operation is sensitive to new interference components from SBFD:
· In Macro scenario, UE-UE and gNB-gNB interference is severe and causes degradation to SINR/RU.
· In Indoor scenario, UE-UE interference is also noticeable, but does not cause major degradation to system performance.

Packet Delay
In this section, full system operation performance in different traffic loading conditions is analysed. For each deployment scenario, the following case are evaluated:
· Non-SBFD legacy TDD with DDDSU slot pattern.
· SBFD with XXXXX slot pattern w/o new interference components enabled.
· SBFD with XXXXX slot pattern with new interference components enabled.
The performance is analysed in terms of UE-average packet delay CDF.
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Figure 5. FR1 Macro Scenario UE-average packet delay
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Figure 6. FR1 Indoor Scenario UE-average packet delay
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Figure 7. FR2 Dense Urban Scenario UE-average packet delay
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Figure 8. FR2 Indoor Scenario UE-average packet delay


Observation 2:
· From the UE-average packet delay analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 scenarios experience noticeable packet delay gains in low to medium traffic loading conditions, and the gains are still observed in high loading conditions from SBFD.
· FR1 Indoor scenario experiences noticeable packet delay gains from SBFD, without observing impact from new interference types of SBFD.
· FR1 Macro scenario experiences noticeable degradation in DL when new SBFD interference type is enabled, but positive gains are observed in UL.


[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views the evaluation methodologies to adopt to study the NR duplex evolution, and made the following observations and proposals:

Proposal 1:  
· The working assumption related to templates for SLS results collection may be confirmed with two necessary modifications:
· Add 95% CDF point for UPT and Latency metrics.
· Add dropped/unfinished packet ratio.

Observation 1:
· From the interference components analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 DL operation is insensitive to new interference components from SBFD up to higher loading in FTP traffic.
· FR2 UL operation is affected by the new interference components from SBFD for Dense Urban scenario but does not experience outage in SINR.
· FR1 operation is sensitive to new interference components from SBFD:
· In Macro scenario, UE-UE and gNB-gNB interference is severe and causes degradation to SINR/RU.
· In Indoor scenario, UE-UE interference is also noticeable, but does not cause major degradation to system performance.

Observation 2:
· From the UE-average packet delay analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 scenarios experience noticeable packet delay gains in low to medium traffic loading conditions, and the gains are still observed in high loading conditions from SBFD.
· FR1 Indoor scenario experiences noticeable packet delay gains from SBFD, without observing impact from new interference types of SBFD.
· FR1 Macro scenario experiences noticeable degradation in DL when new SBFD interference type is enabled, but positive gains are observed in UL.
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Appendix I – SLS evaluation assumptions
This section summarized SLS evaluation assumptions.
	Parameter
	Description

	Set of scenarios
	Case 1:
· FR1 Indoor
· FR1 Urban Macro
· FR2 Indoor
· FR2 Dense Urban

	Bandwidth and numerology
	FR1: 100 MHz @ 4 GHz, 30 kHz
FR2: 200 MHz @ 30 GHz, 120 kHz

	Layout, antenna configuration, TX power
	As per SLS calibration agreements
SBFD antenna configuration Option 2 (Method 2-1)

	Channel model
	As per agreements
Small-scale plus large-scale modelling

	Traffic split option
	A UE is either DL or UL

	SBFD and TDD
	Non-SBFD:
· DDDSU, S configuration: 12:2:0
SBFD:
· XXXXX
· D:U:G as per agreements
· FR1: 104:55:5 PRB
· FR2: 52:26:1 PRB

	UL power control
	FR1 and FR2 Indoor: P0 = -60, alpha = 0.6
FR1 Urban Macro: P0 = -80, alpha = 0.8
FR2 Dense Urban: P0 = -86, alpha = 0.9

	Traffic model
	Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL

	MIMO
	MU-MIMO up to 12 layers from gNB perspective
SU-MIMO up to 2 layers

	Scheduler metric
	Proportional fair

	Cross-sector spatial isolation
	FR1: 75 dB
FR2: 88 dB

	Processing delay
	4 slots

	BS noise figure modelling
	FR1 Indoor: piecewise <-35, -17, 13, 22>  
FR2 Indoor: piecewise <-58, -40, 10, 19>
FR1 Macro: piecewise <-43, -25, 5, 14>
FR2 Dense Urban: piecewise <-58, -40, 10, 19>
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