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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#112 [1], some further progress has been made on evaluation of evolution of NR duplex operation. In this contribution, we discuss some remaining issues on interference modelling, evaluation methodology, and evaluation assumptions. Some initial evaluation results are also provided.
2. Evaluation on evolution of NR duplex operation
2.1 Remaining issues on interference modelling
Based on the reply from RAN4 [2], the noise figure model at gNB side can be used in SLS to model the second aspect (i.e., receiver selectivity) of inter-sector gNB-gNB co-channel inter-subband CLI, as given in following proposal. This model should replace the one agreed in RAN1#111 [3].
Proposal 1: The following noise figure model is used at gNB side in SLS to model the receiver selectivity of inter-sector gNB-gNB co-channel inter-subband CLI.
· The noise figure model is provided as below:

· X-axis: Total received power is the linear sum of all received power, including wanted signal, self-interference, inter-gNB interference and inter-sector interference.
· Y-axis: noise figure
· The values of A, B, C and D: 
· A = -43dBm
· B = -25dBm
· C = 5dB
· D = 14dB
· If the total received power is larger than B, the receiver will be blocked.
· The receiver selectivity model for inter-sector gNB-gNB co-channel inter-subband CLI agreed in RAN1#111 should be replaced by this noise figure model.

2.2 Remaining issues on LLS
In this section, the remaining issues on LLS are discussed.
· Target channel for LLS
The agreement in RAN1#112 [1] is given as follows.
	Agreement
For link level evaluation of coverage performance, focus on the following uplink channels.
· PUSCH with 1Mbps target data rate for FR1
· PUSCH with 5Mbps target data rate for FR2-1
· FFS: PUCCH
· Note: the data rate is based on TR38.830


One remaining issue is whether or not to evaluate the coverage performance of PUCCH by LLS. In our view, it is enough to evaluate the coverage performance of PUSCH. The PUSCH coverage gains caused by more UL resources and UL transmit opportunities can also be applied in PUCCH. Moreover, focusing on the PUSCH can reduce evaluation burden.
Proposal 2: Do not support to evaluate PUCCH coverage performance in LLS.

· Topology for LLS
The realistic topology should be considered in LLS to achieve accurate evaluation results, like SLS. But different from SLS, too many links of CLI will severely slow down the simulation speed. So one approach is to use a topology of 7 cells where one victim cell has two co-site inter-sector aggressor cells and four inter-site aggressor cells which are oriented towards the victim cell, as shown in Fig. 1. All kinds of CLIs and SI are considered in this topology, and the strongest CLIs are all taken into the evaluation, including one gNB self-interference, two co-site inter-sector gNB-gNB CLIs, and four inter-site gNB-gNB CLIs. Meanwhile, the complexity is also acceptable given that there are only 6 CLI links in the simulation.
Proposal 3: For LLS, adopt the topology of 7 cells where one victim cell has two co-site inter-sector aggressor cells and four inter-site aggressor cells which are oriented towards the victim cell, as shown in Fig. 1.
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Fig. 1 Topology for LLS.

· Interference modelling for LLS
The agreement in RAN1#112 [1] is given as follows.
	Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
· FFS: Receiver blocking model


The inter-site gNB-gNB co-channel inter-subband CLI model in SLS can be reused for LLS. In RAN1#112, Alt-1 and Alt-2 are proposed to determine the power of inter-site gNB-gNB co-channel inter-subband CLI:
· Alt-1:
· It is not clear how to use the INR distribution to determine the power of inter-site gNB-gNB CLI in LLS.
· It may be difficult for companies to align the INR distributions due to the different scheduler implementations.
· Alt-2:
· The power of inter-site gNB-gNB CLI are determined based on the locations of victim gNB and several aggressor gNBs. The worst case is evaluated based on the topology in Fig. 1 for LLS. 
· It is easier for companies to align the evaluation result using Alt-2 since scheduler implementation impact are avoided.
Therefore, Alt-2 is preferred for LLS.
Proposal 4: The inter-site gNB-gNB co-channel inter-subband CLI model in SLS is reused for LLS.
· For inter-site gNB-gNB co-channel inter-subband CLI power determination, Alt-2 is preferred.

· Channel model
For small fading channel modeling in LLS, including gNB-UE channel and gNB-gNB channel, the CDL channel models defined in TS 38.901 [4] can be used, because the arrival angles and departure angles are modeled in the CDL channel model which can be used to evaluate the spatial domain techniques for gNB-gNB CLI suppression. Moreover, the AOA, AOD, ZOA, and ZOD in the CDL channel model for gNB-gNB channel should be modified based on the topology discussed above to achieve accurate and realistic evaluation results, but not provided by the default parameters.
For large fading channel modelling in LLS, the models for gNB-gNB channel defined in SLS can be reused here. And it can be calculated based on the topology in Fig. 1.
Proposal 5: The large fading channel and fast fading channel can be modeled in LLS as follows:
· Fast fading channel modelling in LLS: CDL channel model defined in TS 38.901 can be used for gNB-gNB channel and gNB-UE channel modelling.
· For gNB-gNB channel, the parameters of AOA, AOD, ZOA, and ZOD in the CDL channel model should be modified based on the topology in LLS.
· Large fading channel modelling in LLS: reuse the large fading channel models for gNB-gNB channel defined in SLS.
· The large fading can be calculated based on the topology in Fig. 1.

· Other evaluation assumptions
The evaluation assumptions in TR 38.830 [5] can be reused here with some modifications. And the details are given in Annex A, including FR1 and FR2. Some issues are discussed as below.
Proposal 6: Adopt the evaluation assumptions in Annex A for LLS.

2.3 Evaluation results for SBFD
This section provides the evaluation results for SBFD under Deployment Case 1 based on the evaluation methodologies, assumptions, and performance metrics discussed above as well as the agreement obtained in the several meetings before, and meanwhile, demonstrates the performance of some potential solutions for SBFD.
2.3.1 System level evaluation results
The initial system-level simulation results under Indoor Office, Dense Urban Macro layer and Urban Macro scenarios for FR1 are provided. Following alternatives are evaluated.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
The evaluation assuptions in the agreements of RAN1#109 to RAN1#112 [1][3][6-8] are used, and following prameters should be noted.
· Deplyment:
· UE clustering is considered, where the number of clusters is one, i.e., X = 1.
· Only FR1 is evaluated.
· Traffic model:
· Option 2: Each UE is assigned both UL traffic and DL traffic.
· Option 1: Asysmmetric packet size with FTP packet size of 0.5Mbytes for DL and 0.125Mbytes for UL.
· Low DL/UL RU, medium DL/UL RU, and high DL/UL RU are evaluated.
· Interference modelling:
· Legacy interferences are modeled.
· Non-legacy interferences:
· gNB self-interference is modeled as 1dB receiver sensitivity degradation.
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI is modeled with 0.5dB receiver sensitivity degradation per sector.
· Inter-site gNB-gNB co-channel inter-subband CLI: the aspect 1 is modeled with dB, and the aspect 2 is modeled based on noise figure model as dicussed in Section 2.1.
· UE-UE co-channel inter-subband CLI: the aspect 1 is modeled with IBE model, and the asptect 2 is modeld with dB.
· Channel model:
· gNB-UE channel is modeled with both large fading and fast fading.
· gNB-gNB channel is modeled with both large fading and fast fading.
· UE-UE channel is modeled with only large fading: Option 2 is used.
· Antenna configuation:
· Legacy TDD:
· 64Tx/64Rx, (M, N, P, Mg, Ng; Mp, Np) =(12, 8, 2, 1, 1; 4, 8).
· (dH, dV) = (0.5, 0.8)λ, +45°, -45° polarization.
· SBFD: SBFD antenna configuration option-2 (Method 2-2) is used.
· U/D/X slot: 64Tx/64Rx.
· For each antenna group (M, N, P, Mg, Ng ) = (12, 8, 2, 1, 1; 4, 8).
· (dH, dV) = (0.5, 0.8)λ, +45°, -45° polarization.
· Power control: Power boost on SBFD slots is disabled.
· Transmission scheme: MU-MIMO for both UL and DL transmission.
· Maximum MU layer: 12.
· Maximum SU layer: 2.
· Channel estimation: Ideal.
· Note: The channel estimation errors due to gNB-to-gNB CLI are not considered in the evaluation results provided in this section. One may notice that the channel estimation accuracy has a quite significant impact on performance as shown in LLS in section 2.3.2. Further studies are required to demonstrate the impact of channel esitmation error in SLS. 
· Receiver:
· Baseline: MMSE-IRC for both DL and UL, which only suppresses the legacy interference. As also mentioned above, ideal channel estimation is assumed. It is expected that the performance will be degraded significantly with practial channel estimation in case of strong gNB-gNB and UE-UE CLI. 
· For comparison: E-MMSE-IRC as provided in our contribution [9] for UL under Dense Urban Macro layer and Urban Macro sceanrios. 
· Without CLI: Assume that the inter-site gNB-gNB CLI, co-site inter-sector gNB-gNB CLI, and gNB self-interference are suppressed completed; it provides the performance upper limit.
· Subband configuration for system bandwidth: DUD with <ND, NU, NG> = <104, 55, 5>.
And finally, the following performance metrics are provided.
· Type-2 RU for UL and DL.
· Average-UPT {mean, 5%} for UL and DL.

2.3.1.1 Indoor Office scenario
· UL performance evaluation results:
For Indoor Office scenario, UL Average-UPT and corresponding UL interference-noise analysis are shown in Fig. 2 and Fig. 3, respectively, where Fig. 2 provides UL SNR, legacy UL INR, ratio of inter-site gNB-gNB CLI to noise (denoted as CLI/N, including leakage and selectivity), and ratio of gNB self-interference to noise (denoted as SI/N) for both legacy TDD and SBFD in detail. The following can be observed:
· As shown in Fig. 2, we can observe that:
1. SBFD has same UL signal powers as legacy TDD.
2. SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU. This is because the increased UL resources and UL transmission chances for SBFD provide lower collision probabilities between UL signals than legacy TDD.
3. For SBFD, the inter-site gNB-gNB CLI (leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
· As shown in Fig. 3, we can observe that:
1. The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI), because inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.
2. The UL Average-UPT gains for SBFD are achieved from two aspects:
· Aspect 1: Increased UL resources, i.e., 
· 100% UL resources for XXXXX (same as legacy TDD),
· 180% UL resources for XXXXU,
· 160% UL resources for DXXXU.
· Aspect 2: Lower legacy UL interferences.
3. The UL Average-UPT gains for SBFD increase from low RU to high RU, and 5% UL Average-UPT gains for SBFD are larger than mean UL Average-UPT gains for medium RU and high RU.
· For low RU, the UL Average-UPT gains for SBFD are mainly achived by the increased UL resources but not the lower legacy UL interferences since there is almost no collision between UL signals in this case.
· For medium RU and high RU, the collision probabilities between UL signals will be increased by more UL traffics. So the UL Average-UPT gains for SBFD will be additionally achieved by the lower legacy UL interferences.
· Note: the lower legacy UL interferences can provide larger 5% UL Average-UPT gains than mean UL Average-UPT gains for SBFD.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 2 UL interference-noise analysis under Indoor Office scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 3 UL Average-UPT under Indoor Office scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 1: Under Indoor Office scenario, the following can be observed from UL evaluation results:
· SBFD has same UL signal powers as legacy TDD.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU.
· The inter-site gNB-gNB co-channel inter-subband CLI (including leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 2: Under Indoor Office scenario, the following can be observed from UL evaluation results:
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI).
· The UL Average-UPT gains for SBFD are achieved from two aspects:
· Aspect 1: Increased UL resources for SBFD.
· Aspect 2: Lower legacy UL interferences for SBFD.
· The UL Average-UPT gains for SBFD increase from low RU to high RU, and 5% UL Average-UPT gains for SBFD are larger than mean UL Average-UPT gains, especially for medium RU and high RU.
Proposal 7: Capture the system level simulation results in Fig. 2 and Fig. 3 under Indoor Office scenario into TR 38.858.

· DL performance evaluation results:
For Indoor Office scenario, DL Average-UPT and corresponding DL interference-noise analysis are shown in Fig. 4 and Fig. 5, respectively, where Fig. 4 provides DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise (denoted as CLI/N) for both legacy TDD and SBFD in detail. The following can be observed:
· As shown in Fig. 4, we can observe that:
1. SBFD has same DL signal powers as legacy TDD.
2. SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU. This is because the reduced DL resources for SBFD provide higher collision probabilities between DL signals than legacy TDD.
3. For SBFD, the UE-UE CLI can be ignored compared with the legacy DL interferences.
· As shown in Fig. 5, we can observe that:
1. The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI), because UE-UE CLI can be ignored compared with the legacy DL interferences.
2. The DL Average-UPT lost for SBFD are caused by two aspects:
· Aspect 1: Reduced DL resources, i.e.,
· 95% DL resources for XXXXX,
· 76% DL resources for XXXXU,
· 82% DL resources for DXXXU.
· Aspect 2: Larger legacy DL interferences.
3. The DL Average-UPT lost for SBFD increase from low RU to high RU, and 5% DL Average-UPT lost for SBFD are larger than mean DL Average-UPT lost for high RU.
· For low RU and medium RU, the DL Average-UPT lost for SBFD are mainly caused by the reduced DL resources but not the larger legacy DL interferences since there is almost no collision between DL signals in this case.
· For high RU, the collision probabilities between DL signals will be increased by more DL traffics. So the DL Average-UPT lost for SBFD will be additionally obtained by the larger legacy DL interferences.
· Note: the larger legacy DL interferences can cause more 5% DL Average-UPT lost than mean DL Average-UPT lost for SBFD.

As discussed above, the following observations and proposals can be obtained.
Observation 3: Under Indoor Office scenario, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU.
· The UE-UE CLI (including leakage and selectivity) can be ignored compared with the legacy DL interferences.
Observation 4: Under Indoor Office scenario, the following can be observed from DL evaluation results:
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
· The DL Average-UPT lost for SBFD are caused by two aspects:
· Aspect 1: Reduced DL resources for SBFD.
· Aspect 2: Larger legacy DL interferences for SBFD.
· The DL Average-UPT lost for SBFD increase from low RU to high RU, and 5% DL Average-UPT lost for SBFD are larger than mean UL Average-UPT lost, especially for high RU.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 4 DL PDSCH interference-noise analysis under Indoor Office scenario.
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(a) Low RU for both UL and DL
[image: ]
(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 5 DL Average-UPT under Indoor Office scenario.

Proposal 8: Capture the system level simulation results in Fig. 4 and Fig. 5 under Indoor Office scenario into TR 38.858.
· DL Average-UPT will be further degraded for SBFD (besides DL resources lost) for high RU.

2.3.1.2 Dense Urban Macro layer scenario
· UL performance evaluation results:
For Dense Urban Macro layer scenario, UL Average-UPT and corresponding interference-noise analysis are shown in Fig. 6 and Fig. 7, respectively, where Fig. 6 provides UL SNR, legacy UL INR, ratio of inter-site gNB-gNB CLI to noise (denoted as CLI/N, including leakage and selectivity), ratio of co-site inter-sector gNB-gNB CLI to noise (denoted as CoSiteCLI/N), and ratio of gNB self-interference to noise (denoted as SI/N). The following can be observed:
· As shown in Fig. 6, we can observe that:
1. SBFD has higher UL signal powers than legacy TDD for coverage limited UEs. This is because less UEs are under full transmit power for SBFD than legacy TDD due to SBFD limits the UL resources from 100MHz to 20MHz.
2. SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU. This is because the increased UL resources and UL transmission chances for SBFD provide lower collision probabilities between UL signals than legacy TDD.
· Note: Since XXXXX has similar UL resources to legacy TDD and meanwhile XXXXX has higher UL signal powers than legacy TDD, XXXXX has larger legacy UL interferences than legacy TDD for high RU.
3. The inter-site gNB-gNB CLI (leakage) is comparable to the legacy UL interferences for low RU, medium RU and high RU for both UL and DL.
4. The inter-site gNB-gNB CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB CLI can be ignored compared with the inter-site gNB-gNB CLI (leakage).
· As shown in Fig. 7, we can observe that:
1. For performance upper limit (w/o CLI), the UL Average-UPT gains for SBFD are achieved from three aspects:
· Aspect 1: Increased UL resources, similar as Indoor Office scenario.
· Aspect 2: Lower legacy UL interferences, except for XXXXX in the case of medium RU and high RU.
· Aspect 3: Increased UL transmission chances for coverage limited UEs, which mainly improves 5% UL Average-UPT for SBFD.
2. For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB CLI (leakage).
· For low RU, the lost of mean UL Average-UPT gains caused by inter-site gNB-gNB CLI (leakage) can be ignored, but the lost of 5% UL Average-UPT gains can not be ignored. This is because the averager inter-site gNB-gNB CLI (leakage) approximates the noise power, so it has less impacts on the MMSE-IRC receiver. But for coverage limited UEs, inter-site gNB-gNB CLI (leakage) are larger than the noise power (e.g., at most 10dB), so the impacts on the MMSE-IRC receiver can not be ignored.
· From low RU to high RU, both of mean UL Average-UPT gains and 5% UL Average-UPT gains will be lost since the fastly increased inter-site gNB-gNB CLI (leakage) by more DL traffics, which are much larger than the noise power.
· Note: the MMSE-IRC receiver cannot reach the theoretical gains achieved by the increased UL resources for mean UL average-UPT, e.g.,
· XXXXX: the MMSE-IRC reveiver only achieves 95% mean UL Average-UPT than legacy TDD for high RU.
· XXXXU: the MMSE-IRC receiver only achieves 150%-156% mean UL Average-UPT than legacy TDD for medium RU and high RU.
· DXXXU: the MMSE-IRC receiver only achieves 141%-146% mean UL Average-UPT than legacy TDD for medium RU and high RU.
It means the MMSE-IRC receiver cannot achieve the basic gains from the increased UL resources for SBFD due to the inter-site gNB-gNB CLI (leakage).
3. For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSR-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT. This is because the E-MMSE-IRC receiver can suppress both of the legacy UL interferences and the inter-site gNB-gNB CLI (leakage), but the MMSE-IRC receiver can only suppress the legacy UL interferences. And for coverage limited UEs, the inter-site gNB-gNB CLI (leakage) are more serious. So the E-MMSE-IRC receiver has larger 5% UL Average-UPT gains than the MMSE-IRC receiver.

· Note: the E-MMSE-IRC receiver can reach the theoretical gains achieved by the increased UL resources for mean UL average-UPT, e.g.,
· XXXXX: the MMSE-IRC reveiver achieves 114% mean UL Average-UPT than legacy TDD for high RU.
· XXXXU: the MMSE-IRC receiver achieves 165%-166% mean UL Average-UPT than legacy TDD for medium RU and high RU.
· DXXXU: the MMSE-IRC receiver achieves 154%-156% mean UL Average-UPT than legacy TDD for medium RU and high RU.
· It means the E-MMSE-IRC receiver can achieve the basic gains from the increased UL resources for SBFD even if affected by the inter-site gNB-gNB CLI.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 6 UL PUSCH interference-noise analysis under Dense Urban Macro layer scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 7 UL Average-UPT under Dense Urban Macro layer scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 5: Under Dense Urban Macro layer scenario, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage limited UEs; SBFD has same UL signal powers as legacy TDD for others.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU.
· Except XXXXX for high RU, which has larger legacy UL interferences than legacy TDD.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) is comparable to the legacy UL interferences.
· The inter-site gNB-gNB co-channel inter-subband CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB CLI can be ignored compared with the inter-site gNB-gNB co-channel inter-subband CLI (leakage) and legacy UL interferences.
Observation 6: Under Dense Urban Macro layer scenario, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), the UL Average-UPT gains for SBFD are achieved from three aspects:
· Aspect 1: Increased UL resources.
· Aspect 2: Lower legacy UL interferences, expect for XXXXX in the case of medium RU and high RU.
· Aspect 3: Increased UL transmission chances for coverage limited UEs, which mainly improves 5% UL Average-UPT for SBFD.
· For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· The MMSE-IRC receiver cannot achieve the basic gains from the increased UL resources for SBFD due to the inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT.
· The E-MMSE-IRC receiver can achieve the basic gains from the increased UL resources for SBFD even if affected by inter-site gNB-gNB co-channel inter-subband CLI (leakage).
Proposal 9: Capture the system level simulation results in Fig. 6 and Fig. 7 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Dense Urban Macro layer scenario.

· DL performance evaluation results:
For Dense Urban Macro layer scenario, DL Average-UPT and corresponding interference-noise analysis are shown in Fig. 8 and Fig. 9, respectively, where Fig. 8 provides DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise (denoted as CLI/N). The following can be observed:
· As shown in Fig. 8, we can observe that:
1. SBFD has same DL signal powers as legacy TDD.
2. SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU.
· Except for XXXXX, which has similar legacy DL interferences as legacy TDD.
The reason is discussed in the Indoor Office scenario.
3. For SBFD, the UE-UE CLI impact on the total DL interferences, especially for the coverage limited UEs.
· As shown in Fig. 9, we can observe that:
1. The DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources, similar as Indoor Office scenario.
· Aspect 2: Larger legacy DL interferences.
· Aspect 3: UE-UE CLI.
2. For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2.
· For XXXXX, there is no DL Average-UPT lost because it has similar DL resources as legacy TDD.
· For XXXXU and DXXXU, besides the DL Average-UPT lost caused by the reduced DL resources, it will be further lost by the increased legacy DL interferences from low RU to high RU, especially for 5% DL Average-UPT.
3. For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE CLI.
· The DL Average-UPT lost increase from low RU to high RU caused by the increased UE-UE IRC, especially for 5% DL Average-UPT that the coverage limited UEs will be affected by more serious UE-UE CLI than other UEs.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 8 DL PDSCH interference-noise analysis under Dense Urban Macro layer scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 9 DL Average-UPT under Dense Urban Macro layer scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 7: Under Dense Urban Macro layer scenario, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU.
· Except XXXXX, which has similar legacy DL interferences as legacy TDD.
· The UE-UE co-channel inter-subband CLI impacts on the total DL interferences, especially for the coverage limited UEs.
Observation 8: Under Dense Urban Macro layer scenario, the following can be observed from DL evaluation results:
· The DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources.
· Aspect 2: Larger legacy DL interferences.
· Aspect 3: UE-UE co-channel inter-subband CLI.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2, except for XXXXX.
· For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE co-channel inter-subband CLI, especially for 5% DL Average-UPT.
Proposal 10: Capture the system level simulation results in Fig. 8 and Fig. 9 under Dense Urban Macro layer scenario and the following observations into TR 38.858.
· Several potential solutions to handle UE-UE co-channel inter-subband CLI should be considered, e.g., coordinated scheduling, etc.
· gNB blocking analysis:
Taking frame structure “XXXXX” as an example, the average total received power at gNB sides are shown in Fig. 10. The average total power received by gNB exceeds -43dBm with 17%, 63%, and 90% probability for low RU, medium RU, and high RU, respectively. The noise figure will be de deteriorated severely for medium RU and high RU. In addition, the gNB-gNB CLI dominates the average total received power. So several potential solutions should be considered as discussed in [9], e.g., coordinated beamforming, etc.
Observation 9: Under Dense Urban Macro layer scenario, the noise figure will be deteriorated severely at gNB sides for medium RU and high RU.
· The average total power received by gNB exceeds -43dBm with 17%, 63%, and 90% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Proposal 11: Capture the system level simulation results in Fig. 10 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
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Fig. 10 Blocking analysis at gNB side under Dense Urban Macro layer scenario.

2.3.1.3 Urban Macro scenario
The Urban Macro scenario is evaluated under ideal antenna radiation pattern and actual antenna radiation pattern, respectively.
2.3.1.3.1 3GPP antenna radiation pattern
· UL performance evaluation results:
For Urban Macro scenario, UL Average-UPT and corresponding UL interference-noise analysis are shown in Fig. 11 and Fig. 12, respectively, where Fig. 11 provides UL SNR, legacy UL INR, and ratio of inter-site gNB-gNB CLI to noise (denoted as CLI/N, including leakage and selectivity), ratio of co-site inter-sector gNB-gNB CLI to noise (denoted as CoSiteCLI/N), and ratio of gNB self-interference to noise (denoted as SI/N). The following can be observed:
· As shown in Fig. 11, we can observe that:
1. SBFD has higher UL signal powers than legacy TDD for coverage limited UEs. SBFD has same UL signal powers as legacy TDD for others.
· Note: Compared with Dense Urban Macro layer scenario, Urban Macro scenario has more UEs under full transmit power. This is because Urban Macro scenario has a larger ISD which will lead lower received power of UL signals.
· For legacy TDD, there are about 65% UEs are under full transmit power.
· For SBFD, there are about 40% UEs are under full transmit power.
2. SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU with low RU and medium RU.
· Note: XXXXX has higher UL legacy UL interferences than legacy TDD. The reasons are discussed in Dense Urban Macro scenarios.
· Note: XXXXU and DXXXU have higher UL signal powers than legacy TDD in the case of high RU. Due to 65% UEs are under full transmit power, the frequency resources within U slots cannot be allocated to UEs completely, but the ones within X slots can be completely allocated to UEs. So XXXXU and DXXXU have a higher UL RU than legacy TDD.
3. The inter-site gNB-gNB CLI (leakage) dominates the UL interferences.
· Note: Compared with Dense Urban Macro layer, the power of inter-site gNB-gNB CLI is reduced only by the larger ISD for Urban Macro scenario, but the power of the legacy UL interference will be further reduced by UL transmit power limitation besides the larger ISD.
4. The inter-site gNB-gNB CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB CLI are comparable to the legacy UL interferences.
· Note: It has the same reasons as the inter-site gNB-gNB CLI (leakage).
· As shown in Fig. 12, we can observe that:
1. For performance upper limit (w/o CLI), the following observations can be obtained besides the observations in Dense Urban Macro layer scenario.
· The performance upper limit (w/o CLI) for Urban Macro scenario is generally lower than that for Dense Urban Macro scenario. This is because the power of inter-site gNB-gNB CLI (leakage) for Urban Macro scenario is much lower than that for Dense Urban Macro layer scenario, and even lower than the noise power. So it has not much impacts on receiver.
· The 5% UL Average-UPT gains for Urban Macro scenario are much lower than that for Dense Urban Macro scenario in the case of high RU. This is because:
· For Dense Urban Macro layer scenario, there are less UEs are under full transmit power. So the frequency resources in UL slots for legacy TDD can be allocated completely to UEs. So SBFD has less UL RU than legacy TDD caused by SBFD has more UL resources.
· For Urban Macro scenario, there are 65% UEs are under full transmit power. So the frequency resources in UL slots for legacy TDD cannot be allocated completely to UEs, but the ones in X slots for SBFD can be allocated completely to UEs. It means SBFD has a higher UL RU than legacy TDD. And a higher UL RU will result to a low 5% UL Average-UPT gains by naturally.
2. For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB CLI (leakage). It has a similar observations as Dense Urban Macro layer scenario.
3. For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT. It has a similar observations as Dense Urban Macro layer scenario.
As discussed above, the following observations and proposals can be obtained.
Observation 10: Under Urban Macro scenario, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage limited UEs; SBFD has same UL signal powers as legacy TDD for others.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has much more UEs are under full transmit power.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU with low RU and medium RU.
· Except for XXXXX, which has higher UL legacy UL interferences than legacy TDD.
· Except for XXXXU and DXXXU, which have higher UL signal powers than legacy TDD in the case of high RU.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) dominates the UL interferences.
· The inter-site gNB-gNB co-channel inter-subband CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB co-channel inter-subband CLI are comparable to the legacy UL interferences.
Observation 11: Under Urban Macro scenario, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), a similar observation as Dense Urban Macro layer scenario can be obtained as well as following observations:
· The performance upper limit (w/o CLI) for Urban Macro scenario is generally lower than that for Dense Urban Macro scenario.
· The 5% UL Average-UPT gains for Urban Macro scenario are much lower than that for Dense Urban Macro scenario in the case of high RU.
· For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB CLI (leakage).
· For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSE-IRC receiver, and it is much c loser to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT.
Proposal 12: Capture the system level simulation results in Fig. 11 and Fig. 12 under Urban Macro scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Urban Macro scenario.

[image: ][image: ][image: ]
(a) Low RU for both UL and DL
[image: ][image: ][image: ]
(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 11 UL PUSCH interference-noise analysis under Urban Macro scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 12 UL Average-UPT under Urban Macro scenario.

· DL performance evaluation results:
For Urban Macro scenario, DL Average-UPT and corresponding interference-noise analysis are shown in Fig. 13 and Fig. 14, respectively, where Fig. 13 provides DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise (denoted as CLI/N). The following can be obsreved:
· As shown in Fig. 13, we can observe that:
1. SBFD has similar DL signal powers as legacy TDD.
2. SBFD has larger legacy DL interferences than legacy TDD.
3. For SBFD, the UE-UE CLI dominates the DL interferences. This is because:
· A larger UE transmit power is used in the Urban Macro scenario than that in the Dense Urban Macro layer scenario, given that there is a larger pathloss caused by larger ISD under Urban Macro scenario. But the distance between UE to UE is similar due to the UE clustering, thus leading to a larger UE-UE CLI.
· A lower legacy DL interference is obtained in Urban Macro scenario than that in the Dense Urban Macro layer scenario, given that there is a larger pathloss caused by larger ISD under Urban Macro scenario.
· As shown in Fig. 14, we can observe that:
1. Similar to Dense Urban Macro layer scenario, there are three aspects resulting to DL Average-UPT lost for SBFD.
2. For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2. It has a similar observations as Dense Urban Macro layer scenario.
3. For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE CLI.
· Note: In the evaluation, we find there are many UEs are not scheduled for DL transmission caused by serious UE-UE CLI in the case of XXXXX and XXXXU all the time. But these UEs can be scheduled in the case of DXXXU given that DL slots are not suffered by UE-UE CLI. These UEs will deteriorates the mean DL Average-UPT and 5% DL Average-UPT. This is why the DL performance of DXXXU is worse than XXXXX and XXXXU.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 13 DL PDSCH interference-noise analysis under Urban Macro scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 14 DL Average-UPT under Urban Macro scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 12: Under Urban Macro scenario, the following can be observed from DL evaluation results:
· SBFD has similar DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD.
· The UE-UE co-channel inter-subband CLI dominates the DL interferences.
Observation 13: Under Urban Macro scenario, the following can be observed from DL evaluation results:
· The DL Average-UPT lost for SBFD are caused by the same aspects in Dense Urban Macro layer.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2. It has a similar observations as Dense Urban Macro layer scenario.
· For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE CLI.
Proposal 13: Capture the system level simulation results in Fig. 13 and Fig. 14 under Urban Macro scenario and the following observations into TR 38.858:
· The DL performance lost caused by UE-UE co-channel inter-subband CLI should be further studied, e.g. coordinated scheduling.

· gNB blocking analysis:
Taking frame structure “XXXXX” as an example, the average total received power at gNB sides are shown in Fig. 15. The average total power received by gNB exceeds -43dBm with 8%, 30%, and 60% probability for low RU, medium RU, and high RU, respectively. The noise figure will be de deteriorated for high RU. In addition, the gNB-gNB CLI dominates the average total received power. So several potential solutions should be considered as discussed in [9], e.g., coordinated beamforming, etc.
Observation 14: Under Urban Macro scenario, the noise figure will be deteriorated at gNB sides for high RU.
· The average total power received by gNB exceeds -43dBm with 8%, 30%, and 60% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Proposal 14: Capture the system level simulation results in Fig. 15 under Urban Macro scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
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Fig. 15 Blocking analysis at gNB side under Urban Macro scenario.

2.3.1.3.2 Realistic antenna radiation pattern
· UL performance evaluation results:
In this section, realistic antenna radiation pattern are used in the evaluation. The following can be observed:
· As shown in Fig. 16, the inter-site gNB-gNB CLI (leakage) dominates the UL interferences by realistic antenna radiation pattern.
· As shown in Fig. 17, the UL Average-UPT will be lost dramatically by using the MMSE-IRC receiver, and the theoretical UL Average-UPT gains by the increased UL resources cannot be achieved. And the E-MMSE-IRC receiver can achieve a better UL Average-UPT than the MMSE-IRC receiver, which can achieve the theoretical UL Average-UPT gains.
As discussed above, the following observations and proposals can be obtained.
Observation 15: Under Urban Macro scenario with realistic antenna radiation pattern, the following can be observed from UL evaluation results:
· The UE-UE co-channel inter-subband CLI dominates the UL interferences.
· The MMSE-IRC receiver has worse UL Average-UPT that the theoretical UL Average-UPT gains by the increased UL resources cannot be achieved.
· The E-MMSE-IRC receiver has better UL Average-UPT that the theoretical UL Average-UPT gains by the increased UL resources can be achieved.
Proposal 15: Capture the system level simulation results in Fig. 16 and Fig. 17 under Urban Macro scenario with realistic antenna radiation pattern and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Urban Macro scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 16 UL PUSCH interference-noise analysis under Urban Macro scenario.
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(a) Low RU for both UL and DL
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(b) Medium RU for both UL and DL
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(c) High RU for both UL and DL
Fig. 17 UL Average-UPT under Urban Macro scenario.

· gNB blocking analysis:
Taking frame structure “XXXXX” as an example, the average total received power at gNB sides are shown in Fig. 18. The average total power received by gNB exceeds -43dBm with 60%, 99.9%, and 100% probability for low RU, medium RU, and high RU, respectively. And it also exceeds -25dBm with 0.1%, 10%, and 20% probability for low RU, medium RU, and high RU, respectively. It means the not only the noise figure will be deteriorated severely for each RU, but also the receiver will be blocked especially for medium RU and high RU. In addition, the gNB-gNB CLI dominates the average total received power. So several potential solutions should be considered as discussed in [9], e.g., coordinated beamforming, etc.
Observation 16: Under Urban Macro scenario, the noise figure will be deteriorated severely at gNB sides for each RU, and the receiver will be blocked especially for middle RU and high RU.
· The average total power received by gNB exceeds -43dBm with 60%, 99.9%, and 100% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 0.1%, 10%, and 20% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Proposal 16: Capture the system level simulation results in Fig. 18 under Urban Macro scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
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Fig. 18 Blocking analysis at gNB side under Urban Macro scenario with realistic antenna radiation pattern.

2.3.2 Link level evaluation results
The LLS is performed in FR1 to study the effect of gNB-gNB CLI to the demodulation performance of the PUSCH. The evaluation assumptions for channel model, antenna configuration, and MCS configuration are presented in Annex B, and the following parameters should be noted.
· Channel model:
· gNB-UE: CDL-C with 300ns delay spread.
· gNB-gNB: CDL-C with 100ns delay spread.
· Receiver:
· Baseline (without muting resources): 
· DMRS of PUSCH: interfered by the gNB-gNB CLI.
· PUSCH: interfered by the gNB-gNB CLI.
· Enhanced scheme (with muting resources): 
· DMRS of PUSCH: not interfered by the gNB-gNB CLI (Potential enabler: the aggressor muting on the target UE’s DMRS REs of PUSCH).
· PUSCH: interfered by the gNB-gNB CLI. 
· The number and strength of the gNB-gNB CLI:
· Number of gNB-gNB CLI: 0/1/2/4.
· Strength of gNB-gNB CLI: INR is 0/5/10dB.
And finally, the following performance metric is provided.
· The minimum SNR required for PUSCH of target UE to enable the BLER of 0.1.

· Minimum SNR requirements:
The BLER performance of the PUSCH is shown in Fig. 19. The following can then be observed.
· With the introduction of gNB-gNB CLI, the performance of baseline (without muting resources) and enhance scheme (with muting resources) both degrade. Considering the worst case, i.e., 4 gNB-gNB CLI and the INR of each CLI is 10dB, 9dB and 1.2 dB performance deterioration are observed for the baseline and enhance scheme, respectively. Hence, muting resource should be considered as one potential scheme to reduce the effects of gNB-gNB CLI.
As discussed above, the following observations and proposals can be obtained.
Observation 17: The UL performance is greatly affected by the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 9dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 1.2dB performance deterioration is observed when enhancement scheme is adopted.
Proposal 17: Study UL resource muting based interference suppression schemes to handle the gNB-gNB CLI.
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(a) DMRS is interfered by the gNB-gNB CLI;    (b) DMRS is not interfered by the gNB-gNB CLI;
Fig. 19 The minimum SNR required for PUSCH to enable the BLER of 0.1.

2.3.3 Other considerations on SBFD evaluation
While it is important to study the feasibility and performance of SBFD via comprehensive evaluations, it is also important to consider the gNB implementation complexity and practical deployment challenges including the increased number and size of antennas, self-interference cancellation, additional RF analogue filters, etc. 
In addition, the main expected benefit of SBFD for Macro deployment is UL coverage improvement. As analyzed in section 2.3.1, the benefit mainly due to the reason that some DL resources are re-configured as UL resources. This would inevitably degrade the DL performance especially at high load. It may also be challenging to compensate the DL performance loss since at least coordinated scheduling is not feasible. 
Overall, the UL performance benefit of SBFD should be sufficiently in order to justify the additional gNB implementation complexity and DL performance degradation. 
2.4 Evaluation results for Dynamic/Flexible TDD
In this section, the initial system-level simulation results for Dynamic/Flexible TDD are provided. The evaluated scenario is 2-layer Scenario B with Macro gNBs with DL dominant static TDD UL/DL configuration (DDDSU) and indoor gNBs with UL dominant static TDD UL/DL configuration (DSUUU). 
· SLS evaluation assumptions
Some main evaluation assumptions, such as deployment scenario, channel modeling, traffic model, antenna configuration are provided below.
· Deployment:
· Layer 1: Urban Macro
· Hexagonal grids with 7 Macro sites and 3 sectors per site with wrap around are considered. 
· Layer 2: Indoor office
· 12 indoor office TRPs are dropped in the building with the size of the 50m*100m. 
· 10 UEs per indoor office TRP is assumed, and UEs are uniformly dropped in the building. Considering that the interference between indoor office TRP#1 in building #1 and indoor office TRP#2 in building #2 is quite weak, only one building that contains indoor office TRPs is assumed in the simulation.
· Antenna configuration:
· Macro cell: (M, N, P, Mg, Ng; Mp, Np) = (12,8,2,1,1;4,8).
· Indoor office TRP: (M, N, P, Mg, Ng; Mp, Np) = (2,1,2,1,1;2,1).
· UE: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2).
· Traffic Model
· In the simulation, the traffic model of burst buffer is considered, and FTP packet size is 0.5Mbytes
· The situation that Medium DL RU (40%-50%) for both Macro cell and indoor TRPs, and high DL RU (60%-80%) for both Macro cell and indoor TRPs are considered in the simulation. 
· The DL arrival rate of Macro cell and indoor office TRPs are determined jointly. Ratio of DL/UL traffic considered is DL:UL = {1:1}.
· Channel modeling:
· gNB-to-UE, gNB-to-gNB, and UE-to-UE channel are modeled with both large fading and fast fading.
· Transmission scheme: MU-MIMO for both UL and DL transmission.
· DL transmission: SU =2 and MU =4
· UL transmission: 
· SU=2, MU=4 for the situation that indoor office TRP without joint reception; 
· SU =2, MU = 12 for the situation that indoor office TRP with joint reception.
· Receiver:
· Baseline: MMSE-IRC for both DL and UL, which only suppresses the legacy interference.
· E-MMSE-IRC: Enhanced MMSE-IRC based on improved gNB-to-gNB CLI covariance matrix applied for UL, which suppresses the legacy interference and CLI.
· Performance metric
· DL Average-UPT {mean, 5%} for Macro cell, and UL Average-UPT {mean, 5%} for indoor office TRP, the unit of UPT is Mbps.
· [bookmark: _Hlk103784556]DL received SNR and INR for Macro cell, and UL received SNR and INR for indoor office TRP.
In the SLS, several cases are considered, and each case is considered in two options.

Table 1 Cases considered in the simulation.
	
	TDD UL/DL configuration
	Note

	Case 1
	Macro gNBs and indoor office TRPs: DDDSU
	No CLI in this situation

	Case 2
	Macro gNBs: DDDSU;
indoor office TRPs: DSUUU
	The channel information/covariance matrix of gNB-to-gNB CLI cannot be obtained, and could not be suppressed by the IRC receiver, which can be named as MMSE-IRC.

	Case 3
	Macro gNBs: DDDSU;
indoor office TRPs: DSUUU
	The channel information/covariance matrix of gNB-to-gNB CLI is obtained by muting resources, and could be suppressed by the IRC receiver, which can be named as E-MMSE-IRC.



Table 2 Options considered for each case in table 1.
	Option 1
	Jointly reception is not considered at indoor office TRPs 

	Option 2
	6 indoor office TRPs jointly receive the UL signals



· UL performance evaluation results
The UL UPT for indoor office TRP is shown in Fig. 20, and the corresponding UL SNR, legacy UL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 21. The following can then be observed:
· Without joint reception:
1. With different penetration loss and distance between the Macro cell and indoor office TRP, range of gNB-to-gNB CLI caused by Macro cell DL transmissions is wide. The CLI dominates the UL interferences at the probability of 50%, regardless of medium RU or high RU, as shown in Fig. 21.
2. Under each RU, E-MMSE-IRC receiver can suppress both legacy interferences and CLI, but MMSE-IRC receiver can only suppress the legacy interferences. E-MMSE-IRC receiver have a better performance than MMSE-IRC receiver.
· For mean UL UPT, E-MMSE-IRC receiver is much closer to the theoretical mean UL UPT gain than MMSE-IRC receiver, and the performance increases by about 54.41% and 52.76% for medium DL RU and high DL RU, respectively.
· For 5% UL UPT, E-MMSE-IRC receiver provides more significant coverage gain than MMSE-IRC receiver. This is because the coverage limited UEs has lower SINR than UEs without coverage limitations. So the potential benefit of E-MMSE-IRC receiver is larger than MMSE-IRC receiver.
· With joint reception:
1. Considering that one cluster consists of 6 indoor office TRPs and receives the UL signal jointly, part of the TRPs in one cluster would suffer strong gNB-to-gNB CLI caused by Macro cell DL transmissions with high probability. Thus, the CLI always dominates the UL interferences when joint reception is adopted, regardless of medium RU or high RU, as shown in Fig. 21. 
2. The performance of E-MMSE-IRC receiver and MMSE-IRC receiver:
· For mean UL UPT, the performance of E-MMSE-IRC receiver increases by about by about 50.0% and 30.0% for medium DL RU and high DL RU, respectively.
· For 5% UL UPT, the benefit of E-MMSE-IRC receiver can also be observed.
· The performance of E-MMSE-IRC receiver with/without joint reception:
1. For mean UL UPT, the performance increases by about 375.6% and 276.7% for medium DL RU and high DL RU, respectively.
2. For 5% UL UPT, the performance increases by about 896.8% and 670.9% for medium DL RU and high DL RU, respectively.
3. It can be observed that the performance of indoor office TRP is greatly enhanced when joint reception is adopted.

[image: ] [image: ]
(a) Medium RU (42%)
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(b) High RU (64%)
[bookmark: _Ref118645176]Fig. 20. UL UPT of indoor office TRP in the HetNet (Ratio of UL/DL traffic: DL:UL = {1:1}).
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(a) Medium RU (42%)
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(b) High RU (64%)
[bookmark: _Ref118645187]Fig. 21. UL PUSCH interference-noise analysis for the indoor office TRP in the HetNet.
As discussed above, the following observations and proposals can be obtained.
Observation 18: For Dynamic/Flexible TDD, under 2-layer scenario B, the co-channel CLI CLI dominates the UL interferences at the probability of 50% regard less of high RU or medium RU.
Observation 19: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver with/without joint reception achieve considerable gain than MMSE-IRC receiver.
Observation 20: For Dynamic/Flexible TDD, under 2-layer scenario B, joint reception can greatly enhance the UL performance of indoor small cell.
Proposal 18: Capture the system level simulation results in Fig. 20 under 2-layer scenario B and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel CLI is beneficial.

The DL UPT for Urban Macro layer is shown in Fig. 22, and the corresponding DL SNR, legacy DL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 23. The following can be observed:
· The legacy interferences dominate the DL interferences, but not UE-to-UE CLI, regardless of low RU, medium RU or high RU, as shown in Fig. 23. The UE-to-UE CLI is small enough and has little interference to the Macro gNBs DL performance.
· For medium RU and high RU, the mean DL UPT of DTDD with E-MMSE-IRC receiver and with MMSE-IRC receiver nearly stay the same with legacy TDD. However, the DL coverage performance is enhanced since the UE-to-UE CLI is much smaller than the legacy interferences.
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(a) Medium RU (42%)                                (b) High RU (64%)
[bookmark: _Ref118645108]Fig. 22. DL UPT of the Macro cell in the HetNet (Ratio of UL/DL traffic: DL:UL = {1:1}).
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(a) Medium RU (42%)                                   (b) High RU (64%)
[bookmark: _Ref118645114]Fig. 23. DL PDSCH interference-noise analysis for the Macro cell in the HetNet.

As discussed above, the following observations can be obtained.
Observation 21: For Dynamic/Flexible TDD, under 2-layer scenario B, the legacy interferences dominate the DL interferences, but not UE-to-UE co-channel CLI, regardless of low RU, medium RU or high RU.

3. Conclusions
In this contribution, we provide our views on evaluation on NR duplex evolution with following proposals:
Observation 1: Under Indoor Office scenario, the following can be observed from UL evaluation results:
· SBFD has same UL signal powers as legacy TDD.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU.
· The inter-site gNB-gNB co-channel inter-subband CLI (including leakage and selectivity) as well as the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 2: Under Indoor Office scenario, the following can be observed from UL evaluation results:
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI).
· The UL Average-UPT gains for SBFD are achieved from two aspects:
· Aspect 1: Increased UL resources for SBFD.
· Aspect 2: Lower legacy UL interferences for SBFD.
· The UL Average-UPT gains for SBFD increase from low RU to high RU, and 5% UL Average-UPT gains for SBFD are larger than mean UL Average-UPT gains, especially for medium RU and high RU.
Observation 3: Under Indoor Office scenario, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU.
· The UE-UE CLI (including leakage and selectivity) can be ignored compared with the legacy DL interferences.
Observation 4: Under Indoor Office scenario, the following can be observed from DL evaluation results:
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
· The DL Average-UPT lost for SBFD are caused by two aspects:
· Aspect 1: Reduced DL resources for SBFD.
· Aspect 2: Larger legacy DL interferences for SBFD.
· The DL Average-UPT lost for SBFD increase from low RU to high RU, and 5% DL Average-UPT lost for SBFD are larger than mean UL Average-UPT lost, especially for high RU.
Observation 5: Under Dense Urban Macro layer scenario, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage limited UEs; SBFD has same UL signal powers as legacy TDD for others.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU.
· Except XXXXX for high RU, which has larger legacy UL interferences than legacy TDD.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) is comparable to the legacy UL interferences.
· The inter-site gNB-gNB co-channel inter-subband CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB CLI can be ignored compared with the inter-site gNB-gNB co-channel inter-subband CLI (leakage) and legacy UL interferences.
Observation 6: Under Dense Urban Macro layer scenario, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), the UL Average-UPT gains for SBFD are achieved from three aspects:
· Aspect 1: Increased UL resources.
· Aspect 2: Lower legacy UL interferences, expect for XXXXX in the case of medium RU and high RU.
· Aspect 3: Increased UL transmission chances for coverage limited UEs, which mainly improves 5% UL Average-UPT for SBFD.
· For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· The MMSE-IRC receiver cannot achieve the basic gains from the increased UL resources for SBFD due to the inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT.
· The E-MMSE-IRC receiver can achieve the basic gains from the increased UL resources for SBFD even if affected by inter-site gNB-gNB co-channel inter-subband CLI (leakage).
Observation 7: Under Dense Urban Macro layer scenario, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU.
· Except XXXXX, which has similar legacy DL interferences as legacy TDD.
· The UE-UE co-channel inter-subband CLI impacts on the total DL interferences, especially for the coverage limited UEs.
Observation 8: Under Dense Urban Macro layer scenario, the following can be observed from DL evaluation results:
· The DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources.
· Aspect 2: Larger legacy DL interferences.
· Aspect 3: UE-UE co-channel inter-subband CLI.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2, except for XXXXX.
· For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE co-channel inter-subband CLI, especially for 5% DL Average-UPT.
Observation 9: Under Dense Urban Macro layer scenario, the noise figure will be deteriorated severely at gNB sides for medium RU and high RU.
· The average total power received by gNB exceeds -43dBm with 17%, 63%, and 90% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Observation 10: Under Urban Macro scenario, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage limited UEs; SBFD has same UL signal powers as legacy TDD for others.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has much more UEs are under full transmit power.
· SBFD has lower legacy UL interferences than legacy TDD, especially for XXXXU and DXXXU with low RU and medium RU.
· Except for XXXXX, which has higher UL legacy UL interferences than legacy TDD.
· Except for XXXXU and DXXXU, which have higher UL signal powers than legacy TDD in the case of high RU.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) dominates the UL interferences.
· The inter-site gNB-gNB co-channel inter-subband CLI (selectivity), gNB self-interferences, and co-site inter-sector gNB-gNB co-channel inter-subband CLI are comparable to the legacy UL interferences.
Observation 11: Under Urban Macro scenario, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), a similar observations as Dense Urban Macro layer scenario can be obtained as well as following observations:
· The performance upper limit (w/o CLI) for Urban Macro scenario is generally lower than that for Dense Urban Macro scenario.
· The 5% UL Average-UPT gains for Urban Macro scenario are much lower than that for Dense Urban Macro scenario in the case of high RU.
· For MMSE-IRC receiver, the UL Average-UPT gains will be lost compared with the performance upper limit (w/o CLI), caused by inter-site gNB-gNB CLI (leakage).
· For E-MMSE-IRC receiver, it has a better UL Average-UPT than the MMSE-IRC receiver, and it is much c loser to the performance upper limit (w/o CLI), especially for 5% UL Average-UPT.
Observation 12: Under Urban Macro scenario, the following can be observed from DL evaluation results:
· SBFD has similar DL signal powers as legacy TDD.
· SBFD has larger legacy DL interferences than legacy TDD.
· The UE-UE co-channel inter-subband CLI dominates the DL interferences.
Observation 13: Under Urban Macro scenario, the following can be observed from DL evaluation results:
· The DL Average-UPT lost for SBFD are caused by the same aspects in Dense Urban Macro layer.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2. It has a similar observations as Dense Urban Macro layer scenario.
· For MMSE-IRC receiver, the DL Average-UPT lost for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, due to MMSE-IRC receiver cannot suppress UE-UE CLI.
Observation 14: Under Urban Macro scenario, the noise figure will be deteriorated at gNB sides for high RU.
· The average total power received by gNB exceeds -43dBm with 8%, 30%, and 60% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Observation 15: Under Urban Macro scenario with realistic antenna radiation pattern, the following can be observed from UL evaluation results:
· The UE-UE co-channel inter-subband CLI dominates the UL interferences.
· The MMSE-IRC receiver has worse UL Average-UPT that the theoretical UL Average-UPT gains by the increased UL resources cannot be achieved.
· The E-MMSE-IRC receiver has better UL Average-UPT that the theoretical UL Average-UPT gains by the increased UL resources can be achieved.
Observation 16: Under Urban Macro scenario, the noise figure will be deteriorated severely at gNB sides for each RU, and the receiver will be blocked especially for middle RU and high RU.
· The average total power received by gNB exceeds -43dBm with 60%, 99.9%, and 100% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 0.1%, 10%, and 20% probability for low RU, medium RU, and high RU, respectively.
· The inter-sector gNB-gNB co-channel inter-subband CLI dominates the average total power received by gNB.
Observation 17: The UL performance is greatly affected by the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 9dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 1.2dB performance deterioration is observed when enhancement scheme is adopted.
Observation 18: For Dynamic/Flexible TDD, under 2-layer scenario B, the co-channel CLI CLI dominates the UL interferences at the probability of 50% regard less of high RU or medium RU.
Observation 19: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver with/without joint reception achieve considerable gain than MMSE-IRC receiver.
Observation 20: For Dynamic/Flexible TDD, under 2-layer scenario B, joint reception can greatly enhance the UL performance of indoor small cell.
Observation 21: For Dynamic/Flexible TDD, under 2-layer scenario B, the legacy interferences dominate the DL interferences, but not UE-to-UE co-channel CLI, regardless of low RU, medium RU or high RU.

Proposal 1: The following noise figure model is used at gNB side in SLS to model the receiver selectivity of inter-sector gNB-gNB co-channel inter-subband CLI.
· The noise figure model is provided as below:

· X-axis: Total received power is the linear sum of all received power, including wanted signal, self-interference, inter-gNB interference and inter-sector interference.
· Y-axis: noise figure
· The values of A, B, C and D: 
· A = -43dBm
· B = -25dBm
· C = 5dB
· D = 14dB
· If the total received power is larger than B, the receiver will be blocked.
· The receiver selectivity model for inter-sector gNB-gNB co-channel inter-subband CLI agreed in RAN1#111 should be replaced by this noise figure model.
Proposal 2: Do not support to evaluate PUCCH coverage performance in LLS.
Proposal 3: For LLS, adopt the topology of 7 cells where one victim cell has two co-site inter-sector aggressor cells and four inter-site aggressor cells which are oriented towards the victim cell, as shown in Fig. 1.
Proposal 4: The inter-site gNB-gNB co-channel inter-subband CLI model in SLS is reused for LLS.
· For inter-site gNB-gNB co-channel inter-subband CLI power determination, Alt-2 is preferred.
Proposal 5: The large fading channel and fast fading channel can be modeled in LLS as follows:
· Fast fading channel modelling in LLS: CDL channel model defined in TS 38.901 can be used for gNB-gNB channel and gNB-UE channel modelling.
· For gNB-gNB channel, the parameters of AOA, AOD, ZOA, and ZOD in the CDL channel model should be modified based on the topology in LLS.
· Large fading channel modelling in LLS: reuse the large fading channel models for gNB-gNB channel defined in SLS.
· The large fading can be calculated based on the topology in Fig. 1.
Proposal 6: Adopt the evaluation assumptions in Annex A for LLS.
Proposal 7: Capture the system level simulation results in Fig. 2 and Fig. 3 under Indoor Office scenario into TR 38.858.
Proposal 8: Capture the system level simulation results in Fig. 4 and Fig. 5 under Indoor Office scenario into TR 38.858.
· DL Average-UPT will be further degraded for SBFD (besides DL resources lost) for high RU.
Proposal 9: Capture the system level simulation results in Fig. 6 and Fig. 7 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) beneficial for Dense Urban Macro layer scenario.
Proposal 10: Capture the system level simulation results in Fig. 8 and Fig. 9 under Dense Urban Macro layer scenario and the following observations into TR 38.858.
· Several potential solutions to handle UE-UE co-channel inter-subband CLI should be considered, e.g., coordinated scheduling, etc.
Proposal 11: Capture the system level simulation results in Fig. 10 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
Proposal 12: Capture the system level simulation results in Fig. 11 and Fig. 12 under Urban Macro scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Urban Macro scenario.
Proposal 13: Capture the system level simulation results in Fig. 13 and Fig. 14 under Urban Macro scenario and the following observations into TR 38.858:
· The DL performance lost caused by UE-UE co-channel inter-subband CLI should be further studied, e.g. coordinated scheduling.
Proposal 14: Capture the system level simulation results in Fig. 15 under Urban Macro scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
Proposal 15: Capture the system level simulation results in Fig. 16 and Fig. 17 under Urban Macro scenario with realistic antenna radiation pattern and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for under Urban Macro scenario.
Proposal 16: Capture the system level simulation results in Fig. 18 under Urban Macro scenario and the following observations into TR 38.858:
· Potential solutions to suppress inter-site gNB-gNB co-channel inter-subband CLI at aggressor gNB sides should be considered, e.g., coordinated beamforming, etc.
Proposal 17: Study UL resource muting based interference suppression schemes to handle the gNB-gNB CLI.
Proposal 18: Capture the system level simulation results in Fig. 20 under 2-layer scenario B and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel CLI is beneficial

Annex A: Evaluation assumptions for LLS for SBFD coverage
Table A.1-1: General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXX with 20% UL subband

	Target data rates for eMBB
	UL 1Mbps

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.
	
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)


If applicable, companies report TB size assumed in evaluation.

For SIP invite message
-	Payload of 1500 bytes can be a starting point.
-	The assumptions (TB size, time period etc.) are reported by companies.
-	Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation
-	In addition, 1 second time period can also be considered.

	Latency requirements for VoIP
	Latency requirements assumed in VoIP evaluation for TDD and SBFD are reported by companies.

	Pathloss model (select from LoS or NLoS)
	gNB-UE: NLoS
gNB-gNB: LOS:NLOS = 3:1

	BWP
	100MHz

	Channel model for link-level simulation
	CDL-C for NLOS, CDL-D for LOS.

	Delay spread
	300ns

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	-	Urban: 192 antenna elements
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)

	Number of TxRUs for BS
	-	64TxRUs



Table A.1-2: Channel-specific parameters for PUSCH for FR1
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	SCS
	30kHz

	PUSCH duration	
	14 OS

	Repetitions 
	For eMBB, w/o repetition as baseline, w/ repetition (optional).  
For VoIP, w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/TBS/MCS for eMBB
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps, 4 PRBs for 100kbps, 1 PRB for 30kbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	4 PRBs for VoIP as starting point. 
Other values of PRBs can be reported by companies.
QPSK, pi/2 BPSK (optional)



Table A.2-1: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	30GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXX

	Target data rates for eMBB
	UL: 5Mbps

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.
	 
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)


If applicable, companies report TB size assumed in evaluation.

For SIP invite message
-	Payload of 1500 bytes can be a starting point.
-	The assumptions (TB size, time period etc.) are reported by companies.
-	Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation
-	In addition, 1 second time period can also be considered.

	Latency requirements for VoIP
	Latency requirements assumed in VoIP evaluation for TDD and FDD are reported by companies.

	BWP
	100MHz, [200MHz]

	Channel model for link-level simulation
	CDL-C for NLOS, CDL-D for LOS.

	Delay spread
	100ns

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Number of TxRUs for BS
	2
Note: Analog beamforming is assumed.

	Number of UE antenna elements
	8, one panel:(M, N, P) = (2,2,2), 



Table A.2-2: Channel-specific parameters for PUSCH for FR2
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	BLER
	For eMBB, 
w/ HARQ, 10% iBLER, Optional: companies report rBLER.
w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE Tx/Rx chains
	1T2R, 2T2R

	DMRS configuration
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For 30km/h (optional: 120km/h): Type I, 2 or 3 DMRS symbol, no multiplexing with data.
For frequency hopping for PUSCH: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH/PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM 

	SCS
	120kHz.

	PUSCH duration	
	14 OS

	Repetitions 
	For eMBB, w/o repetition as baseline, w/ repetition (optional).  
For VoIP, w/ repetition. 
The actual number of repetitions is reported by companies.
Only PUSCH repetition type A is considered for baseline performance evaluation. 
o	Note: companies are not precluded to report results for repetition type B.

	HARQ configuration
	For eMBB, whether HARQ is adopted is reported by companies. 
For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/TBS/MCS for eMBB
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use [30] PRBs for 5Mbps for PUSCH as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP 
	[4 PRBs] for VoIP as starting point. Other values of PRBs can be reported by companies.
QPSK for PUSCH
Optional: pi/2 BPSK for PUSCH



Annex B: Evaluation assumptions for LLS for advanced receiver
Table B.1: Link level simulation assumptions.
	Parameter
	Value

	Frequency
	4GHz

	Target UE num
	1

	gNB-gNB CLI num
	0/1/2/4

	gNB-gNB CLI strength (INR)
	0/5/10 dB

	Pathloss model (select from LoS or NLoS)
	LoS, NLoS

	BWP
	20MHz

	Scheduled RB num
	24 RBs

	Channel model
	CDL-C for gNB-UE link and gNB-gNB link

	Delay spread
	300ns for gNB- UE link, 100 ns for gNB-gNB link

	UE velocity
	3km/h

	Number of TxRUs for BS
	64

	BLER
	w/ HARQ, 10% 

	Number of TxRUs for UE
	1

	DMRS configuration
	Type I, 1 DMRS symbol, no multiplexing with data

	Waveform
	CP-OFDM

	SCS
	30kHz

	PUSCH duration
	14 OS

	MCS
	Modulation: QPSK
Coding rate: 1/3

	Receiver
	MMSE
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