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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#112bis-e [1], some further progress has been made on evaluation of evolution of NR duplex operation. In this contribution, we discuss the evaluation results including both SLS and LLS.
2. Evaluation on evolution of NR duplex operation
2.1 Evaluation results for SBFD
This section provides the evaluation results for SBFD under Deployment Case 1 based on the agreements in the past several meetings, and meanwhile, demonstrates the performance of some potential solutions for SBFD.
2.1.1 System level evaluation results
The initial system-level simulation results for Indoor Office, Dense Urban Macro layer and Urban Macro scenarios for FR1 are provided. The 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 assumptions in the agreements of RAN1#109 to RAN1#112bis-e [1-6] are used, and following prameters should be noted.
· Deployment:
· UE clustering is considered, where the number of clusters is two, i.e., X = 2.
· Only FR1 results are provided.
· Traffic model:
· Option 2: Each UE is assigned both UL traffic and DL traffic.
· Option 1: Asysmmetric packet with large FTP packet size of 0.5Mbytes for DL and 0.125Mbytes for UL under Indoor Office, Dense Urban Macro layer and Urban Macro scenarios, and with small FTP packet size of 4Kbytes for DL and 1Kbytes for UL under Indoor Office scenario.
· Low DL/UL RU, medium DL/UL RU, and high DL/UL RU are evaluated.
· Interference modelling:
· Legacy interferences are modeled.
· Cross-link 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 with dB as well as the noise figure model.
· 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:
· Urban Macro scenario and Dense Urban Macro layer scenario:
· 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.
· Indoor Office scenario:
· 4Tx/4Rx, (M, N, P, Mg, Ng; Mp, Np) =(2, 1, 2, 1, 1; 2, 1).
· (dH, dV) = (0.5, 0.5)λ, +45°, -45° polarization.
· SBFD: SBFD antenna configuration option-2 (Method 2-2) is used.
· 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 2.1.2. Further simulation results 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: UL muting resource based E-MMSE-IRC as described in our contribution [7] 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 can be regarded as 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, 95%, 50%, 5%, CDF} for UL and DL.
· Packet-Latency {mean, 95%, 50%, 5%, CDF} for UL and DL.

2.1.1.1 Indoor Office scenario
The Indoor Office scenario is evaluated under large packet and small packet, respectively.
2.1.1.1.1 Large packet
· UL performance evaluation results:
For Indoor Office scenario with large packet, UL RU, UL signal/interference-noise analysis, UL Average-UPT CDF and table, and UL Packet-Latency CDF and table are shown in Fig. 1 to Fig. 6, 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. 1, we can observe that:
1. SBFD has lower UL RU compared with legacy TDD:
· XXXXX has slightly lower UL RU than legacy DDDSU, since XXXXX has similar UL resources and more UL transmission chances than legacy DDDSU, which can reduce the legacy UL interferences, especially for high RU, thus achieving a higher MCS to reduce the UL Packet-Latency as well as UL RU.
· XXXXU has lowest UL RU among these cases since XXXXU has the most UL resources among these cases.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
2. The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI), since the inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.
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Fig. 1 UL RU under Indoor Office scenario.

· As shown in Fig. 2, we can observe that:
1. SBFD has same UL signal powers as legacy TDD.
2. SBFD has similar or lower legacy UL interferences compared with legacy TDD
· XXXXX has similar legacy UL interferences  to legacy DDDSU for low RU and medium RU, and slightly lower legacy UL interferences than legacy DDDSU for high RU, since it has similar UL resources and more UL transmission chances than legacy DDDSU.
· XXXXU and DXXXU have significant lower legacy UL interferences than legacy DDDSU, since the increased UL resources provide lower collision probabilities between UL signals than legacy DDDSU.
3. For SBFD, the inter-site gNB-gNB CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
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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 signal/interference-noise analysis under Indoor Office scenario.

· As shown in Fig. 3 and Fig. 4, we can observe that:
1. SBFD achieves better mean UL Average-UPT than legacy TDD, where the mean UL Average-UPT gains for SBFD are achieved due to two aspects:
· Aspect 1: Increased UL resources, i.e., 
· 0% UL resources for XXXXX (same as legacy TDD).
· 80% UL resources for XXXXU.
· 60% UL resources for DXXXU.
· Aspect 2: Lower legacy UL interferences.
2. SBFD achieves better 5% UPT Average-UPT than legacy TDD, where the 5% UL Average-UPT gains for SBFD are achieved from the Aspect 1 and Aspect 2 listed above as well as the increased UL transmission chances for coverage-limited UEs.
3. The MMSE-IRC receiver achieves similar UL Average-UPT to the performance upper limit (w/o CLI), since the inter-site gNB-gNB CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 3 UL Average-UPT CDF 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. 4 UL Average-UPT table under Indoor Office scenario.

· As shown in Fig. 5 and Fig. 6, we can observe that:
1. SBFD achieves shorter UL Packet-Latency than legacy TDD, since SBFD has more UL resources and UL transmission chances than legacy TDDD.
2. The MMSE-IRC receiver has similar UL Packet-Latency to the performance upper limit (w/o CLI), since inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.

As discussed above, the following observations and proposals can be obtained.
Observation 1: Under Indoor Office scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has lower UL RU compared with legacy TDD:
· XXXXX has slightly lower UL RU than legacy DDDSU.
· XXXXU has lowest UL RU than XXXXX, DXXXU, and legacy DDDSU.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
· The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI).
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 5 UL Packet-Latency CDF 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. 6 UL Packet-Latency table under Indoor Office scenario.

Observation 2: Under Indoor Office scenario with large packet, 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) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 3: Under Indoor Office scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves better mean UL Average-UPT than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to two aspects:
· Aspect 1: Increased UL resources for SBFD.
· Aspect 2: Lower legacy UL interferences for SBFD.
· SBFD achieves better 5% UPT Average-UPT than legacy, where the 5% UL Average-UPT gains for SBFD are achieved by more UL transmission chances for coverage-limited UEs.
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI), since the inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 4: Under Indoor Office scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· The MMSE-IRC receiver has similar UL Latency-Latency to the performance upper limit (w/o CLI).
Proposal 1: Capture the system level simulation results in Fig. 1 to Fig. 6 under Indoor Office scenario with large packet into TR 38.858.

· DL performance evaluation results:
For Indoor Office scenario with large packet, DL RU, DL signal/interference-noise analysis, DL Average-UPT CDF and table, and DL Packet-Latency CDF and table are shown in Fig. 7 and Fig. 12, respectively, where Fig. 8 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. 7, we can observe that:
1. SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU, since XXXXX has similar DL resources than legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU, since XXXXU and DXXXU have less DL resources than legacy DDDSU.
2. The MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI), since the UE-UE CLI can be ignored compared with the legacy DL interferences.

[image: ]
Fig. 7 DL RU under Indoor Office scenario.
· 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, since 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.
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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 signal/interference-noise analysis under Indoor Office scenario.

· As shown in Fig. 9 and Fig. 10, we can observe that:
1. SBFD has similar or worse mean DL Average-UPT than legacy TDD, where the mean DL Average-UPT lost for SBFD are caused by two aspects:
· Aspect 1: Reduced DL resources, i.e.,
· -5% DL resources for XXXXX.
· -24% DL resources for XXXXU.
· -18% DL resources for DXXXU.
· Aspect 2: Larger legacy DL interferences.
2. SBFD achieves slightly better 5% DL Average-UPT than legacy TDD for XXXXX, but worse 5% DL Average-UPT than legacy TDD for XXXXU and DXXXU:
· The 5% DL Average-UPT gains for XXXXX are achieved from the increased DL transmission chances for coverage-limited UEs as well as that XXXXX has similar DL resources to legacy DDDSU.
· The 5% DL Average-UPT lost for XXXXU and DXXXU are caused by the Aspect 1 and Aspect 2 listed above.
3. The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI), since the UE-UE CLI can be ignored compared with the legacy DL interferences.
· As shown in Fig. 11 and Fig. 12, we can observe that:
1. SBFD achieves shorter DL Packet-Latency than legacy TDD for XXXXX and longer DL Packet-Latency than legacy TDD for XXXXU and DXXXU. The reason is similar as the DL Average-UPT as discussed above.
2. The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI), because UE-UE CLI can be ignored compared with the legacy DL interferences.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 9 DL Average-UPT CDF 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. 10 DL Average-UPT table under Indoor Office scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 5: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI).
Observation 6: Under Indoor Office scenario with large packet, 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 co-channel inter-subband CLI can be ignored compared with the legacy DL interferences.
Observation 7: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has similar or worse mean DL Average-UPT than legacy TDD, where 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.
· SBFD achieves slightly better 5% DL Average-UPT than legacy TDD for XXXXX, but worse 5% DL Average-UPT than legacy TDD for XXXXU and DXXXU:
· The 5% DL Average-UPT gains for XXXXX are achieved from the increased DL transmission chances for coverage-limited UEs as well as that XXXXX has similar DL resources to legacy DDDSU.
· The 5% DL Average-UPT lost for XXXXU and DXXXU are caused by the Aspect 1 and Aspect 2.
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
Observation 8: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD achieves shorter DL Packet-Latency than legacy TDD for XXXXX and longer DL Packet-Latency than legacy TDD for XXXXU and DXXXU.
· The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI).
Proposal 2: Capture the system level simulation results in Fig. 7 to Fig. 12 under Indoor Office scenario with large packet into TR 38.858.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 11 DL Packet-Latency CDF 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. 12 DL Packet-Latency table under Indoor Office scenario.

2.1.1.1.2 Small packet
· UL performance evaluation results:
For Indoor Office scenario with small packet, UL RU, UL signal/interference-noise analysis, UL Average-UPT CDF and table, and UL Packet-Latency CDF and table are shown in Fig. 13 to Fig. 18, respectively, where Fig. 14 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. 13, we can observe that:
1. Generally, SBFD has lower UL RU compared with legacy TDD, except for XXXXX.
· XXXXX has similar UL RU to legacy DDDSU for low RU and medium RU, since XXXXX has similar UL resources to legacy DDDSU.
· XXXXX has higher UL RU than legacy DDDSU for high RU. This is because there may be more than one packet arrived during one UL/DL TDD configuration period for high RU;
· For DDDSU, the packets will be accumulated within one UL/DL TDD configuration period and transmitted in U slots together with a high MCS, thus improving the spectral efficiency and reducing the UL RU; 
· But for XXXXX, the packet will be transmitted immediately after it is arrived with a low MCS, thus reducing the spectral efficiency and increasing the UL RU.
· XXXXU has lowest UL RU among these cases since XXXXU has the most UL resources among these cases.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
2. Compared with the large packet, the small packet has larger UL RU. This is due to the same reason as that XXXXX has a higher UL RU than legacy DDDSU for high RU.
3. The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI), since the inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.
· As shown in Fig. 14, we can observe that:
1. SBFD has same UL signal powers as legacy TDD.
2. SBFD has similar legacy UL interferences to legacy TDD.
3. For SBFD, the inter-site gNB-gNB CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
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Fig. 13 UL RU 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. 14 UL signal/interference-noise analysis under Indoor Office scenario.

· As shown in Fig. 15 and Fig. 16, we can observe that:
1. SBFD achieves better mean and 5% UL Average-UPT than legacy TDD, where the mean and 5% UL Average-UPT gains for SBFD are achieved from the inceased UL transmission chances, but not the increased UL resources and lower legacy UL interferences, which are different from the large packet case.
2. SBFD with different slot formats have similar UL Average-UPT, especially for low RU and medium RU. This is because the UL Average-UPT for small packet is mainly determined by the UL transmission chances but not UL resouces, given that the small packet can be transmitted by only one slot, especially for low RU and medium RU.
3. The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI), since the inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.
4. Compared with indoor office scenario with large packet, SBFD under indoor office scenario with small packet achieves more UL Average-UPT gains, since the small packet can be trasmitted in one slot for small packet while large packet has to be transmitted in several slots.
· As shown in Fig. 17 and Fig. 18, we can observe that:
1. SBFD achieves shorter UL Packet-Latency than legacy TDD, since SBFD has more UL transmission chances than legacy TDD.
2. SBFD with different slot formats have similar UL Packet-Latency, espceially for low RU and medium RU. This is because the UL Packet-Latency for small packet is mainly determined by the UL transmission chances but not UL resouces, given that the small packet can be transmitted by only one slot, especially for low RU and medium RU.
3. The MMSE-IRC receiver has similar UL Packet-Latency to the performance upper limit (w/o CLI), since the inter-site gNB-gNB CLI (leakage and selectivity) can be ignored compared with the legacy UL interferences.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 15 UL Average-UPT CDF 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. 16 UL Average-UPT table under Indoor Office scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 9: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· Generally, SBFD has lower UL RU compared with legacy TDD, except for XXXXX.
· XXXXX has similar UL RU to legacy DDDSU for low RU and medium RU.
· XXXXX has higher UL RU than legacy DDDSU for high RU.
· XXXXU has lowest UL RU among these cases since XXXXU has the most UL resources among these cases.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
· Compared with Indoor Office scenario with large packet, Indoor Office scenario with small packet has larger UL RU.
· The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI).
Observation 10: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD has same UL signal powers as legacy TDD.
· SBFD has similar legacy UL interferences to legacy TDD.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 17 UL Packet-Latency CDF 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. 18 UL Packet-Latency table under Indoor Office scenario.

Observation 11: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD achieves better mean and 5% UL Average-UPT than legacy TDD.
· SBFD with different slot formats have similar UL Average-UPT, especially for low RU and medium RU.
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI).
· SBFD under indoor office scenario with small packet achieves more UL Average-UPT gains than that under indoor office scenario with large packet.
Observation 12: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· SBFD with different slot formats have similar UL Packet-Latency, especially for low RU and medium RU.
· The MMSE-IRC receiver has similar UL Packet-Latency to the performance upper limit (w/o CLI).
Proposal 3: Capture the system level simulation results in Fig. 13 to Fig. 18 under Indoor Office scenario with small packet into TR 38.858.
· DL performance evaluation results:
For Indoor Office scenario with small packet, DL RU, DL signal/interference-noise analysis, DL Average-UPT CDF and table, and DL Packet-Latency CDF and table are shown in Fig. 19 and Fig. 24, respectively, where Fig. 20 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. 19, we can observe that:
1. SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU, since XXXXX has similar DL resources than legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU, since XXXXU and DXXXU have less DL resources than legacy DDDSU.
2. The MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI), since the UE-UE CLI can be ignored compared with the legacy UL interferences.

[image: ]
Fig. 19 DL RU under Indoor Office scenario.

· As shown in Fig. 20, we can observe that:
1. SBFD has same DL signal powers as legacy TDD.
2. SBFD has similar legacy DL interferences to legacy TDD.
3. For SBFD, the UE-UE CLI can be ignored compared with the legacy DL interferences.
· As shown in Fig. 21 and Fig. 22, it can be observed that:
1. SBFD achieves better or similar mean DL Average-UPT than legacy TDD:
· XXXXX achieves better mean DL Average-UPT than legacy DDDSU, especially for low RU, where the mean DL Average-UPT gains for XXXXX are achieved from the increased DL transmission chances as well as the similar DL resources compared with legacy DDDSU.
· XXXXU and DXXXU achieve similar mean DL Average-UPT than legacy DDDSU, especially for low RU and medium RU. This is because the mean DL Average-UPT for small packet is mainly determined by the DL transmission chances but not DL resources, given that the small packet can be transmitted by only slot, especially for low RU and medium RU, and XXXXU and DXXXU have same DL transmission chances as legacy DDDSU.
2. For 5% DL Average-UPT, it can be observed that:
· XXXXX achieves better 5% DL Average-UPT than legacy DDDSU, especially for low RU. It is similar to that XXXXX achieves better mean DL Average-UPT than legacy DDDSU.
· XXXXU and DXXXU has similar 5% DL Average-UPT for low RU but worse 5% DL Average-UPT for medium RU and high RU, compared with legacy DDDSU. This is because the 5% DL Average-UPT is mainly determined by the DL transmission chances for low RU, but by both of DL transmission chances and DL resources for medium RU and high RU, i.e. the users have to compete for resources at high load
3. The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI), since the UE-UE CLI can be ignored compared with the legacy DL interferences.
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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. 20 DL signal/interference-noise analysis under Indoor Office scenario.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 21 DL Average-UPT CDF 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
[image: ]
(c) High RU for both UL and DL
Fig. 22 DL Average-UPT table under Indoor Office scenario.

· As shown in Fig. 23 and Fig. 24, we can observe that:
1. SBFD achieves shorter mean DL Packet-Latency than legacy TDD for XXXXX, and similar or longer mean DL Packet-Latency than legacy TDD for XXXXU and DXXXU due to less DL resouces.
2. SBFD has similar 5% DL Packet-Latency to legacy TDD.
3. The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI), because the UE-UE CLI can be ignored compared with the legacy DL interferences.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 23 DL Packet-Latency CDF 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. 24 DL Packet-Latency table under Indoor Office scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 13: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI).
Observation 14: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has similar legacy DL interferences to legacy TDD.
· The UE-UE CLI can be ignored compared with the legacy DL interferences.
Observation 15: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD achieves better or similar mean DL Average-UPT than legacy TDD:
· XXXXX achieves better mean DL Average-UPT than legacy DDDSU, especially for low RU.
· XXXXU and DXXXU achieve similar mean DL Average-UPT than legacy DDDSU, especially for low RU and medium RU.
· For 5% DL Average-UPT, it can be observed that:
· XXXXX achieves better 5% DL Average-UPT than legacy DDDSU, especially for low RU.
· XXXXU and DXXXU has similar 5% DL Average-UPT for low RU but worse 5% DL Average-UPT for medium RU and high RU, compared with legacy DDDSU.
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
Observation 16: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD achieves shorter mean DL Packet-Latency than legacy TDD for XXXXX, and similar or longer mean DL Packet-Latency than legacy TDD for XXXXU and DXXXU.
· SBFD has similar 5% DL Packet-Latency to legacy TDD.
· The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI).
Proposal 4: Capture the system level simulation results in Fig. 19 to Fig. 24 under Indoor Office scenario with small packet into TR 38.858.

2.1.1.2 Dense Urban Macro layer scenario
· UL performance evaluation results:
For Dense Urban Macro layer scenario with large packet, UL RU, UL signal/interference-noise analysis, UL Average-UPT CDF and table, and UL Packet-Latency CDF and table are shown in Fig. 25 to Fig. 30, respectively, where Fig. 26 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. 25, we can observe that:
1. For performance upper limit (w/o CLI):
· XXXXX has similar UL RU to legacy DDDSU, since XXXXX has similar UL resources than legacy DDDSU.
· XXXXU and DXXXU have lower UL RU than legacy DDDSU, since XXXXU and DXXXU have more UL resources than legacy DDDSU.
2. For MMSE-IRC receiver:
· It has larger UL RU than the performance upper limit (w/o CLI). This is because the inter-site gNB-gNB CLI, co-site inter-sector gNB-gNB CLI, and gNB SI will degrade the receiver performance, thus resulting lower MCS and longer transmission delay.
3. For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver, and larger UL RU than the performance upper limit (w/o CLI). This is because the E-MMSE-IRC receiver can suppress the inter-site gNB-gNB CLI, thus achieving higher MCS and shorter transmission delay than the MMSE-IRC receiver.
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Fig. 25 UL RU under Dense Urban Macro layer scenario.

· As shown in Fig. 26, we can observe that:
1. SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs, since less UEs are under full transmit power for SBFD than legacy TDD due to SBFD limits the UL resources from 100MHz to 20MHz. And SBFD has same UL signal powers as legacy TDD for other UEs.
2. For legacy UL interferences, it can be observed that:
· XXXXX has similar legacy UL interferences than legacy DDDSU for low RU, but larger legacy UL interferences than legacy DDDSU for medium RU and high RU, since XXXXX has higher UL RU than legacy DDDSU, leading to higher collision probabilities between UL signals than legacy DDDSU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium RU, since the increased UL resources for XXXXU and DXXXU provide lower collision probabilities between UL signals than legacy DDDSU.
3. The inter-site gNB-gNB CLI (leakage) dominates the UL interferences.
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).
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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. 26 UL signal/interference-noise analysis under Dense Urban Macro layer scenario.

· As shown in Fig. 27 and Fig. 28, we can observe that:
1. For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources, i.e.,
· 0% UL resources for XXXXX (same as legacy TDD).
· 80% UL resources for XXXXU.
· 60% UL resources for DXXXU.
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU which has less UL RU than legacy DDDSU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs, which is mainly benifical for 5% UL Average-UPT for SBFD.
2. For performance with MMSE-IRC receiver, SBFD cannot achieve the theoretical gains of UL Average-UPT achieved by the increased UL resources, i.e., Aspect 1 listed above. This is mainly caused by the severe inter-site gNB-gNB CLI (leakage), especially for medium RU and high RU.
· For XXXXX, the loss of mean UL Average-UPT is up to -27% to -49 and the lost of 5% UL Average-UPT is up to -60% to -100%, compared with the Aspect 1.
· For XXXXU, the loss of mean UL Average-UPT is up to -30%, compared with the Aspect 1 for medium RU and high RU.
· For DXXXU, the loss of mean UL Average-UPT is up to -16% and the loss of 5% UL Average-UPT is up to -22%, compared with the Aspect 1 for medium RU and high RU.
· It means the UL performance of SBFD is worse than that of legacy TDD by using the MMSE-IRC receiver under Dense Urban Macro layer scenario with large packet.
3. For performance with E-MMSE-IRC receiver, SBFD can achieve the theoretical gains of mean UL Average-UPT and provide more UL coverage gains (5% UL Average-UPT) compared with MMSE-IRC receiver, since E-MMSE-IRC receiver can suppress the inter-site gNB-gNB CLI (leakage) but MMSE-IRC receiver cannot.
· For XXXXX, the E-MMSE-IRC receiver provides 59% to 217% gains of 5% UL Average-UPT than legacy DDDSU. It is much better than the MMSE-IRC receiver that even provides -100% loss of 5% UL Average-UPT than legacy DDDSU for high RU.
· For XXXXU, the E-MMSE-IRC receiver provides 132% to 779% gains of 5% UL Average-UTP than legacy DDDSU. It is much better than the MMSE-IRC receiver that only provdes 103% to 158% gains of 5% UL Average-UPT than legacy DDDSU.
· For DXXXU, the E-MMSE-IRC receiver provdes 74% to 546% gains of 5% UL Average-UPT than legacy DDDSU. It is much better than the MMSE-IRC receiver that only provides 38% to 70% gains of 5% UL Average-UPT than legacy DDDSU.
· Based on the above, it can be concluded that the UL coverage gain cannot be obtained if the gNB-gNB CLI is not be suppressed properly under Dense Urban Macro layer scenario with large packet. E-MMSE-IRC receiver is beneficial and effective for SBFD to suppress the gNB-gNB CLI so that a much better UL performance than legacy TDD.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 27 UL Average-UPT CDF under Dense Urban Macro layer scenario.

[image: ]
(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. 28 UL Average-UPT table under Dense Urban Macro layer scenario.

· As shown in Fig. 29 and Fig. 30, we can observe that:
1. SBFD achieves shorter UL Packet-Latency than legacy TDD, since SBFD has more UL resources and UL transmission chances than legacy TDD.
2. The E-MMSE-IRC receiver achieves shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI). This is because the E-MMSE-IRC can suppress the inter-site gNB-gNB CLI (leakage), but the MMSE-IRC cannot. So the E-MMSE-IRC receiver achieves a larger MCS than the MMSE-IRC receiver, thus reducing the UL Packet-Latency.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 29 UL Packet-Latency CDF 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. 30 UL Packet-Latency table under Dense Urban Macro layer scenario.
As discussed above, the following observations and proposals can be obtained.
Observation 17: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar UL RU to legacy DDDSU.
· XXXXU and DXXXU have lower UL RU than legacy DDDSU. 
· For MMSE-IRC receiver:
· It has larger UL RU than the performance upper limit (w/o CLI).
· For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver and larger UL RU than the performance upper limit (w/o CLI).
Observation 18: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs and same UL signal powers as legacy TDD for other UEs.
· For legacy UL interferences, it can be observed that:
· XXXXX has similar legacy UL interferences than legacy DDDSU for low RU, but higher legacy UL interferences than legacy DDDSU for medium RU and high RU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium 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 CLI can be ignored compared with the inter-site gNB-gNB co-channel inter-subband CLI (leakage).
Observation 19: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources.
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs.
· For performance with MMSE-IRC receiver, SBFD cannot achieve the theoretical gains of UL Average-UPT achieved by the increased UL resources, because of the severe inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· The UL performance of SBFD is worse than that of legacy TDD by using the MMSE-IRC receiver.
· For performance with E-MMSE-IRC receiver, SBFD can achieve the theoretical gains of mean UL Average-UPT and provide much better 5% UL Average-UPT compared with MMSE-IRC receiver.
· The E-MMSE-IRC receiver is beneficial and effective for SBFD to suppress the gNB-gNB co-channel CLI in order to achieve better UL performance than legacy TDD.
Observation 20: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· The E-MMSE-IRC receiver achieves shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI).
Proposal 5: Capture the system level simulation results in Fig. 25 to Fig. 30 under Dense Urban Macro layer scenario with large packet and the following observations into TR 38.858:
· The performance of SBFD is inferior to that of legacy TDD by using the MMSE-IRC receiver.
· The UL muting resource based E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for SBFD in order to achieve better UL performance than legacy TDD.

· DL performance evaluation results:
For Dense Urban Macro layer scenario with large packet, DL RU, DL signal/ interference-noise analysis, DL Average-UPT CDF and table, and DL Packet-Latency CDF and table are shown in Fig. 31 and Fig. 36, respectively, where Fig. 32 provides DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise. The following can be observed:
· As shown in Fig. 31, we can observe that:
1. For performance upper limit (w/o CLI):
· XXXXX has similar DL RU compared with legacy DDDSU, since XXXXX has similar DL resources than legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU, since XXXXU and DXXXU have less DL resources than legacy DDDSU.
2. For MMSE-IRC receiver:
· It has slightly larger DL RU compared with the performance upper limit (w/o CLI), since the UE-UE CLI will worsen the receiver performance, resulting lower MCS and longer transmission delay.
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Fig. 31 DL RU under Dense Urban Macro layer scenario.
· As shown in Fig. 32, 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, since the reduced DL resources for SBFD provide higher collision probabilities between DL signals than legacy TDD.
3. For SBFD, the UE-UE CLI impacts on the total DL interferences, especially for the coverage-limited 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. 32 DL signal/interference-noise analysis under Dense Urban Macro layer scenario.

· As shown in Fig. 33 and Fig. 34, we can observe that:
1. SBFD has worse DL Average-UPT than legacy TDD, where the DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources, i.e.,
· -5% DL resources for XXXXX.
· -24% DL resources for XXXXU.
· -18% DL resources for DXXXU.
· 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 almost no DL Average-UPT lost, since it has similar DL resources as legacy TDD.
· For XXXXU and DXXXU, the DL Average-UPT lost is caused by the larger legacy DL interferences besides the reduced DL resources, especially for low RU and medium RU.
3. For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, especially for 5% DL Average-UPT for medium RU and high RU, since MMSE-IRC receiver cannot suppress the UE-UE CLI and the coverage-limited UEs will be affected by more serious UE-UE CLI than other UEs.
· As shown in Fig. 35 and Fig. 36, we can observe that:
1. For performance upper limit (w/o CLI):
· XXXXX has similar DL Packet-Latency to legacy DDDSU, since XXXXX has similar DL resources than legacy DDDSU.
· XXXXU and DXXXU has longer DL Packet-Latency than legacy DDDSU, since XXXXU and DXXXU have less DL resources than legacy DDDSU.
2. For MMSE-IRC receiver, it has similar mean DL Packet-Latency and longer 5% DL Packet-Latency compared with the performance upper limit (w/o CLI), because of the UE-UE CLI for coverage-limited UEs for medium RU and high RU.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 33 DL Average-UPT CDF 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. 34 DL Average-UPT table under Dense Urban Macro layer scenario.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 35 DL Packet-Latency CDF under Dense Urban Macro layer scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 21: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· For MMSE-IRC receiver:
· It has larger DL RU compared with the performance upper limit (w/o 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. 36 DL Packet-Latency table under Dense Urban Macro layer scenario.
Observation 22: Under Dense Urban Macro layer scenario with large packet, 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 co-channel inter-subband CLI impacts on the total DL interferences, especially for the coverage-limited UEs.
Observation 23: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has worse DL Average-UPT than legacy TDD, where 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.
· For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, especially for 5% DL Average-UPT for medium RU and high RU..
Observation 24: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL Packet-Latency to legacy DDDSU.
· XXXXU and DXXXU has longer DL Packet-Latency than legacy DDDSU.
· For MMSE-IRC receiver, it has similar mean DL Packet-Latency and longer 5% DL Packet-Latency compared with the performance upper limit (w/o CLI).
Proposal 6: Capture the system level simulation results in Fig. 31 to Fig. 36 under Dense Urban Macro layer scenario with large packet and the following observations into TR 38.858.
· Solutions to handle the UE-UE co-channel inter-subband CLI should be considered, e.g., coordinated scheduling, etc. However, the impact to UL performance should also be accounted.

· gNB blocking analysis:
Taking frame structure “XXXXX” as an example, the average total received power at gNB sides are shown in Fig. 37. The average total power received exceeds -43dBm with 90%, 100%, and 100% probability for low RU, medium RU, and high RU, respectively. And it also exceeds -25dBm with 2%, 18%, and 60% 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 [7], e.g., coordinated beamforming, etc.
Observation 25: Under Dense Urban Macro layer scenario with large packet, 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 90%, 100%, and 100% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 2%, 18%, 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 7: Capture the system level simulation results in Fig. 37 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. 37 Blocking analysis at gNB side under Dense Urban Macro layer scenario.

2.1.1.3 Urban Macro scenario
· [bookmark: _GoBack]UL performance evaluation results:
For Urban Macro scenario with large packet, UL RU, UL signal/interference-noise analysis, UL Average-UPT CDF and table, and UL Packet-Latency CDF and table are shown in Fig. 38 to Fig. 43, respectively, where Fig. 39 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:
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Fig. 38 UL RU 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. 39 UL signal/interference-noise analysis under Urban Macro scenario.

· As shown in Fig. 38, we can observe that:
1. For performance upper limit (w/o CLI):
· XXXXX has higher UL RU compared with legacy DDDSU.
· XXXXU and DXXXU have similar UL RU compared with legacy DDDSU.
· SBFD under Urban Macro scenario has higher UL RU than that under Dense Urban Macro layer scenario, since there are more UEs are under full transmit power under Urban Macro scenario than Dense Urban Macro layer scenario, where the coverage-limited UE (with full transmit power) can fully utilize the frequency resources of SBFD symbols, thus achieving higher UL RU.
2. For MMSE-IRC receiver:
· It has larger UL RU than the performance upper limit (w/o CLI), similar as Dense Urban Macro layer scenario.
3. For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver, and larger UL RU than the performance upper limit (w/o CLI), similar as Dense Urban Macro layer scenario.
· As shown in Fig. 39, we can observe that:
1. SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs, and same UL signal powers as legacy TDD for other UEs.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower UL signal powers and more UEs under full transmit power, since Urban Macro scenario has a larger ISD which will lead to lower received power of UL signals.
· For legacy TDD, there are about 55% UEs are under full transmit power.
· For SBFD, there are about 30% UEs are under full transmit power.
2. For legacy UL interferences, it can be observed that:
· XXXXX has lower legacy UL interferences than legacy DDDSU for low RU, but larger legacy UL interferences than legacy DDDSU for medium RU and high RU, since XXXXX has higher UL RU than legacy DDDSU, leading to higher collision probabilities between UL signals than legacy DDDSU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium RU, since the increased UL resources for XXXXU and DXXXU provide lower collision probabilities between UL signals than legacy DDDSU.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower legacy UL interferences, since Urban Macro scenario has a larger ISD which will lead to lower received power of legacy UL interferences.
3. 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).
· Compared with Dense Urban Macro layer, the gNB self-interferences and co-site inter-sector gNB-gNB CLI under Urban Macro scenario are almost not changed, since the power of gNB self-interferences and co-site inter-sector gNB-gNB CLI is not related to the ISD.
4. The inter-site gNB-gNB CLI (leakage) dominates the UL interferences. 
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower inter-site gNB-gNB CLI (leakage), since Urban Macro scenario has a larger ISD which will lead lower received power of inter-site gNB-gNB CLI (leakage).
· Compared with Dense Urban Macro layer scenario, the inter-site gNB-gNB CLI (leakage) accounts for a smaller proportion of the total power of all kinds of UL interferences and noise under Urban Macro scenario. The reasons are listed as above.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 40 UL Average-UPT CDF 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. 41 UL Average-UPT table under Urban Macro scenario.

· As shown in Fig. 40 and Fig. 41, we can observe that:
1. The coverage-limited UEs will not be scheduled for UL transmission due to very low SINR caused by the larger ISD under Urban Macro scenario, compared with Dense Urban Macro layer scenario. One may not make conclusions on the UL coverage performance based on SLS under Urban Macro scenario.
· Note: For low RU, we observed that there are also many UEs which are not scheduled. This may be due to the low packet arrival rate and insufficient simulation time.
2. For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT gains than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources, i.e.,
· 0% UL resources for XXXXX (same as legacy TDD).
· 80% UL resources for XXXXU.
· 60% UL resources for DXXXU.
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU which has less UL RU than legacy DDDSU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs, which is mainly benificial for 50% UL Average-UPT for SBFD.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario achieves much larger mean UL Average-UPT gains. This is because Urban Macro scenario has much more UEs under full transmit power; it means more UEs can obtain the UL benefits from SBFD.
3. For performance with MMSE-IRC receiver, it can be observed that:
· SBFD achieves more gains of mean UL Average-UPT than the theoretical ones (i.e., Aspect 1) for low RU, and similar gains of mean UL Average-UPT to the theoretical ones for medium RU and high RU.
· SBFD provides more gains of 50% UL Average-UPT than the theoretical ones.
· Compared with Dense Urban Macro layer scenario, the MMSE-IRC receiver achieves better UL Average-UPT under Urban Macro scenario, since there are more UEs under full transmit power.
4. For performance with E-MMSE-IRC receiver, it achieves better UL Average-UPT than the MMSE-IRC receiver, since E-MMSE-IRC receiver can effectively suppress the inter-site gNB-gNB CLI (leakage) but MMSE-IRC receiver cannot.
· The gains of UL Average-UPT from E-MMSE-IRC receiver under Urban Macro scenario is less than that under Dense Urban Macro layer scenario, since the inter-site gNB-gNB CLI (leakage) accounts for a smaller proportion of the total power of all kinds of UL interferences and noise under Urban Macro scenario.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 42 UL Packet-Latency CDF 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. 43 UL Packet-Latency table under Urban Macro scenario.

· As shown in Fig. 42 and Fig. 43, we can observe that:
1. SBFD has shorter UL Packet-Latency than legacy TDD, due to SBFD has more UL resources and UL transmission chances than legacy TDD.
2. The E-MMSE-IRC receiver has shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for medium RU and high RU. This is because E-MMSE-IRC can suppress the inter-site gNB-gNB CLI (leakage), but MMSE-IRC cannot. So E-MMSE-IRC receiver achieves a larger MCS than MMSE-IRC receiver, thus reducing the UL Packet-Latency.
As discussed above, the following observations and proposals can be obtained.
Observation 26: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has higher UL RU compared with legacy DDDSU.
· XXXXU and DXXXU have similar UL RU compared with legacy DDDSU.
· SBFD under Urban Macro scenario has higher UL RU than that under Dense Urban Macro layer scenario
· For MMSE-IRC receiver: 
· It has larger UL RU than the performance upper limit (w/o CLI).
· For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver, and larger UL RU than the performance upper limit (w/o CLI).
Observation 27: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs, and same UL signal powers as legacy TDD for other UEs.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has much more UEs are under full transmit power.
· For legacy UL interferences, it can be observed that:
· XXXXX has lower legacy UL interferences than legacy DDDSU for low RU, but larger legacy UL interferences than legacy DDDSU for medium RU and high RU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium RU.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower legacy UL interferences.
· 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).
· Compared with Dense Urban Macro layer, the gNB self-interferences and co-site inter-sector gNB-gNB CLI under Urban Macro scenario are almost not changed.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) dominates the UL interferences.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower inter-site gNB-gNB CLI (leakage).
· Compared with Dense Urban Macro layer scenario, the inter-site gNB-gNB CLI (leakage) accounts for a smaller proportion of the total power of all kinds of UL interferences and noise under Urban Macro scenario.
Observation 28: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· The coverage-limited UEs will not be scheduled for UL transmission due to very low SINR caused by the larger ISD under Urban Macro scenario, compared with Dense Urban Macro layer scenario. One may not make conclusions on the UL coverage performance based on SLS under Urban Macro scenario.
· For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT gains than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources, i.e.,
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario achieves much larger mean UL Average-UPT gains.
· For performance with MMSE-IRC receiver, it can be observed that:
· SBFD achieves more gains of mean UL Average-UPT than the theoretical ones for low RU, and similar gains of mean UL Average-UPT to the theoretical ones for medium RU and high RU.
· SBFD provides more gains of 50% UL Average-UPT than the theoretical ones.
· Compared with Dense Urban Macro layer scenario, the MMSE-IRC receiver achieves better UL Average-UPT under Urban Macro scenario.
· For performance with E-MMSE-IRC receiver, it achieves better UL Average-UPT than the MMSE-IRC receiver.
· The gains of UL Average-UPT from E-MMSE-IRC receiver under Urban Macro scenario is less than that under Dense Urban Macro layer scenario.
Observation 29: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has shorter UL Packet-Latency than legacy TDD.
· The E-MMSE-IRC receiver has shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for medium RU and high RU.
Proposal 8: Capture the system level simulation results in Fig. 38 to Fig. 43 under Urban Macro scenario with large packet and the following observations into TR 38.858:
· The UL muting resource based E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Urban Macro scenario.

· DL performance evaluation results:
For Urban Macro scenario wit large packet, DL RU, DL signal/interference-noise analysis, DL Average-UPT CDF and table, and DL Packet-Latency CDF and table are shown in Fig. 44 to Fig. 49, respectively, where Fig. 45 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. 44, we have similar observation as Dense Urban Macro layer scenario.

[image: ]Fig. 44 DL RU under Urban Macro scenario.

· As shown in Fig. 45, we can observe that:
1. SBFD has similar DL signal powers as legacy TDD.
2. SBFD has larger legacy DL interferences than legacy TDD, especially for XXXXU and DXXXU, since the reduced DL resources for SBFD provide higher collision probabilities between DL signals than legacy TDD.
3. For SBFD, the UE-UE CLI is comparable to the legacy 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, since 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, since there is a larger pathloss caused by larger ISD 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. 45 DL signal/interference-noise analysis under Urban Macro scenario.

· As shown in Fig. 46 and Fig. 47, we can observe that:
1. SBFD has worse DL Average-UPT than legacy TDD, where the DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources, i.e.,
· -5% DL resources for XXXXX.
· -24% DL resources for XXXXU.
· -18% DL resources for DXXXU.
· 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 almost no DL Average-UPT loss, since it has similar DL resources as legacy TDD.
· For XXXXU and DXXXU, the DL Average-UPT lost is caused by the larger legacy DL interferences besides the reduced DL resources, especially for low RU and medium RU.
3. For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, since the MMSE-IRC receiver cannot suppress UE-UE CLI.
· The 5% DL Average-UPT loss is almost up to -100% than legacy TDD, since the UE-UE CLI is comparable to the legacy DL interferences in Urban Macro scenario.
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(a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 46 DL Average-UPT CDF 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. 47 DL Average-UPT table under Urban Macro scenario.

· As shown in Fig. 48 and Fig. 49, we have similar observation as Dense Urban Macro layer scenario.
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 (a) Low RU                 (b) Medium RU                 (c) High RU
Fig. 48 DL Packet-Latency CDF under Urban Macro 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. 49 DL Average-UPT table under Urban Macro scenario.

As discussed above, the following observations and proposals can be obtained.
Observation 30: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· For MMSE-IRC receiver: 
· It has larger DL RU compared with the performance upper limit (w/o CLI).
Observation 31: Under Urban Macro scenario with large packet, 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, especially for XXXXU and DXXXU.
· The UE-UE co-channel inter-subband CLI is comparable to the legacy DL interferences.
Observation 32: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has worse DL Average-UPT than legacy TDD, where the DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources, i.e.,
· -5% DL resources for XXXXX.
· -24% DL resources for XXXXU.
· -18% DL resources for DXXXU.
· Aspect 2: Larger legacy DL interferences.
· Aspect 3: UE-UE CLI.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2.
· For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2.
· The 5% DL Average-UPT lost is almost up to -100% than legacy TDD.
Observation 33: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL Packet-Latency to legacy DDDSU.
· XXXXU and DXXXU has longer DL Packet-Latency than legacy DDDSU.
· For MMSE-IRC receiver, it has similar mean DL Packet-Latency and longer 5% DL Packet-Latency compared with the performance upper limit (w/o CLI).
Proposal 9: Capture the system level simulation results in Fig. 44 to Fig. 49 under Urban Macro scenario with large packet 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. The potential impact to UL performance should be accounted.

· gNB blocking analysis:
Taking frame structure “XXXXX” as an example, the average total received power at gNB sides are shown in Fig. 50. The average total power received by gNB exceeds -43dBm with 30%, 95%, and 99% probability for low RU, medium RU, and high RU, respectively. And it also exceeds -25dBm with 0%, 1%, and 2% probability for low RU, medium RU, and high RU, respectively. So the noise figure will be deteriorated but the receiver is hardly blocked. In addition, the gNB-gNB CLI dominates the average total received power. So some potential solutions should be considered as discussed in [7], e.g., coordinated beamforming, etc.
Observation 34: 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 30%, 95%, and 99% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 0%, 1%, and 2% 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 10: Capture the system level simulation results in Fig. 50 under Urban Macro scenario with large packet 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. 50 Blocking analysis at gNB side under Urban Macro scenario.

2.1.2 Link level evaluation results
LLS is performed to study the UL coverage and the impact of gNB-to-gNB co-channel CLI to PUSCH performance. In the evaluation, we focus on PUSCH with 1 Mbps target data rate for FR1. For SBFD, we adopt Case 2: PUSCH repetition type A. For signal and interference modeling, two options were agreed in RAN1#112bis-e and we adopt option 2. The evaluation assumptions for channel model, antenna configuration, and MCS configuration are presented in Annex, and the following parameters should be noted.
· The number and strength of the gNB-gNB CLI:
· Number of gNB-gNB CLI: 4
· Strength of gNB-gNB CLI: INR is 5/10/15/20dB. 
The strength of gNB-gNB CLI is determined based on the gNB-gNB CLI link budget, as shown in the following table, wherein the gNB-gNB coupling loss is from our SLS results. 4 scenarios are selected for gNB-gNB CLI INR determination, UMA with 3GPP Antenna pattern (ideal), UMA with realistic Antenna pattern, DeUMA with 3GPP Antenna pattern (ideal), DeUMA with realistic Antenna pattern.

Table 1. Link budget for gNB-gNB CLI
	Parameters
	Values

	(1) BS TX power
	53 dBm

	(2) PRB number
	273

	(3) Frequency isolation at TX
	45 dB

	(4) gNB-gNB coupling loss
	See Fig 51(a)

	(5) Noise power (per PRB)
Note. gNB noise figure is assumed as 5 dB
	-174 + 5 + 10 log(360*1000) dBm

	gNB-gNB CLI INR(dB) = (1) – 10log((2)) – (3) + (4) – (5)
	See Fig 51(b)



Based on the above, we obtain the CDF of gNB-gNB CLI INR, as shown in Figure 51. As shown in the Figure, we can see at 95%, the INR are around 5/10/15/20 dB. To evaluate the performance of worst scenario, we use these values in our LLS.
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(a) gNB-gNB coupling loss                  (b) gNB-gNB CLI INR
Fig. 51 gNB-gNB coupling loss and CLI INR.

· The number and strength of the UE-gNB Interference:
· Number of UE-gNB CLI: 4
· Strength of UE-gNB CLI: INR is 0/5dB.
The strength of UE-gNB interference is determined by the SLS results in Section 2.1.1. As shown in Figure 52, for XXXXU under UMA, the legacy INR of SBFD XXXXU will not exceed 5 dB at 95%. To evaluate the case with larger legacy UE-gNB interference, we use 0/5 dB in our LLS.
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Fig. 52 UL PUSCH Interference-Noise under UMA

· gNB-to-gNB CLI handling schemes [7][8]:
· SBFD baseline (without UL muting resources): 
· DMRS of PUSCH: interfered by the gNB-gNB CLI.
· PUSCH: interfered by the gNB-gNB CLI.
· SBFD enhanced scheme (with UL muting resources): 
· DMRS of PUSCH: not interfered by the gNB-gNB CLI 
· PUSCH: interfered by the gNB-gNB CLI and the interference covariance matrix is estimated on the uplink muting resources.

· Evaluation results
The PUSCH throughput performance is shown in Fig. 53 and the following can be observed.
· Legacy TDD can achieve 0.9 Mbps (1 Mbps with BLER 10%) at SINR of -12 dB approximately. 
· For SBFD baseline scheme (without UL muting resources), at SINR of -12 dB, at most 2 Mbps under 4 InfBS with 5 dB INR& 4 InfUE with 0 dB INR and at least 1Mbps under 4 InfBS with 20 dB INR & 4 InfUE with 5 dB INR can be achieved. The performance gain over legacy TDD are around 3.2 dB and 0.5 dB respectively.
· For SBFD enhanced scheme (with UL muting resources), at SINR of -12 dB, at most 4.2 Mbps under 4 InfBS with 5 dB INR& 4 InfUE with 0 dB INR and at least 2.2 Mbps under 4 InfBS with 20 dB INR & 4 InfUE with 5 dB INR can be achieved. The performance gain over legacy TDD are around 6.7 dB and 3.7 dB respectively. 
· Comparing SBFD enhanced scheme versus SBFD baseline scheme, at least 3 dB gain can be achieved. Hence, UL muting resources is beneficial for SBFD to suppress the gNB-gNB co-channel CLI in order to achieve better UL coverage performance.
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  (a) SBFD without UL resource muting;                (b) SBFD with UL resource muting;
Fig. 53 PUSCH throughput for SBFD of XXXXU.

In addition to SBFD Alt.2 (XXXXU), we also study SBFD Alt.4 (XXXXX), the evaluation results are provided in Fig. 54 and the following can be observed.
· Legacy TDD can achieve 0.9 Mbps (1 Mbps with BLER 10%) at SINR of -12 dB approximately. 
· For SBFD baseline scheme (without UL muting resources), 4 InfBS with 5 dB INR& 4 InfUE with 0 dB INR 0 and 4 InfBS with 20 dB INR & 4 InfUE with 5 dB INR can achieve 0.9 Mbps at SNR of -13.5 dB and -2.5 dB. The performance gain over legacy TDD are about 1.5 dB and -9.5 dB respectively.
· For SBFD enhanced scheme (with UL muting resources), 4 InfBS with 5 dB INR& 4 InfUE with 0 dB INR 0 and 4 InfBS with 20 dB INR & 4 InfUE with 5 dB INR can achieve 0.9 Mbps at SNR of -18.2 dB and -15.0 dB. The performance gain over legacy TDD are about 6.2 dB and 3.0 dB respectively. 
· Comparing SBFD enhanced scheme versus SBFD baseline scheme, 7.7 dB and 12.5 dB gain can be achieved depending on the strength of gNB-gNB CLI. Hence, UL muting resources is more critical for SBFD Alt.4 (XXXXX) to suppress the gNB-gNB co-channel CLI in order to achieve better UL coverage performance since all UL slots suffer from gNB-gNB co-channel CLI. 
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  (a) SBFD without UL resource muting;                (b) SBFD with UL resource muting;
Fig. 54 PUSCH throughput for SBFD of XXXXX.

Based on the LLS results, in the following Table, we provide Link budget results using methodology defined in TR 38.830

Table 2. Link budget results for SBFD
	PUSCH-FR1-Urban Macro

	Huawei, HiSilicon
	TDD/SBFD
	Required SNR(dB)
	MCL(dB)
	MIL(dB)
	MPL(dB)
	Key assumptions

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXU
· SBFD without UL resource muting
· 4 gNB-gNB CLI with 5dB INR and 4 UE-gNB legacy Interfwith 0dB INR

	
	SBFD
	-15.2
	135.17
	143.94
	113.51
	

	
	Gain
	3.2
	3.2
	3.2
	3.2
	

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXU
· SBFD without UL resource muting 
· 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy Interf with 5dB INR

	
	SBFD
	-12.5
	132.47
	141.24
	110.51
	· 

	
	Gain
	0.5
	0.5
	0.5
	0.5
	· 

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXU
· SBFD with UL resource muting
· 4 gNB-gNB CLI with 5dB INR and 4 UE-gNB legacy Interf with 0dB INR

	
	SBFD
	-18.7
	138.67
	147.44
	116.71
	· 

	
	Gain
	6.7
	6.7
	6.7
	6.7
	· 

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXU
· SBFD with UL resource muting 
· 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy Interf with 5dB INR

	
	SBFD
	-15.7
	135.67
	144.44
	113.71
	

	
	Gain
	3.7
	3.7
	3.7
	3.7
	

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXX
· SBFD without UL resource muting
· 4 gNB-gNB CLI with 5dB INR and 4 UE-gNB legacy Interf with 0dB INR

	
	SBFD
	-13.5
	133.47
	142.24
	113.71
	

	
	Gain
	1.5
	1.5
	1.5
	1.5
	

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXX
· SBFD without UL resource muting 
· 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy Interf with 5dB INR

	
	SBFD
	-2.5
	122.47
	131.24
	100.51
	

	
	Gain
	-9.5
	-9.5
	-9.5
	-9.5
	

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXX
· SBFD with UL resource muting 
· 4 gNB-gNB CLI with 5dB INR and 4 UE-gNB legacy Interf with 0dB INR

	
	SBFD
	-18.2
	138.17
	146.94
	116.21
	

	
	Gain
	6.2
	6.2
	6.2
	6.2
	

	R1-2304646
	TDD
	-12.0
	131.97
	140.74
	110.01
	· SBFD: PUSCH repetition type A
· SBFD: XXXXX
· SBFD with UL resource muting 
· 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy Interf with 5dB INR

	
	SBFD
	-15.0
	134.97
	143.74
	113.01
	

	
	Gain
	3.0
	3.0
	3.0
	3.0
	



As discussed above, the following observations and proposals can be obtained.
Observation 35: For SBFD of XXXXU, compared with legacy TDD, the UL coverage gain is very limited due to the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 0.5 dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 3.7 dB is observed when enhancement scheme is adopted.
Observation 36: For SBFD of XXXXX, compared with legacy TDD, the UL coverage gain is very limited due to the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, -9.5 dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 3.0 dB is observed when enhancement scheme is adopted.
Proposal 11: Capture LLS simulation results in Table.2 and the following observations into TR 38.858
· UL muting resources is beneficial for SBFD to suppress the gNB-to-gNB co-channel CLI in order to achieve better UL coverage performance.

2.1.3 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. 
2.2 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. Note that Low RU case was not simulated since the expected use case here is that there is a larger UL capability demand in the indoor. 
· 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. It should be noted that the gNB-gNB CLI suppression scheme evaluated for dynamic/flexible TDD is same to the one that is applied and evaluated for SBFD in the previous section.
· 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 3. 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 4 Options considered for each case in table 3.
	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. 55, and the corresponding UL SNR, legacy UL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 56. 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. 56.
2. Under all RUs, 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, 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. 56. 
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 improved substantially when joint reception is adopted.
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(a) Medium RU (42%)
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(b) High RU (64%)
[bookmark: _Ref118645176]Fig. 55. 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. 56. 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 37: 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 38: 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 39: For Dynamic/Flexible TDD, under 2-layer scenario B, joint reception can greatly enhance the UL performance of indoor small cell.
Proposal 12: Capture the system level simulation results in Fig. 55 under 2-layer scenario B and the following observations into TR 38.858:
· The UL muting resource based 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. 57, and the corresponding DL SNR, legacy DL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 58. 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. 58. The UE-to-UE CLI is small enough and has little impact 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 5% UL UPT performance is improved 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. 57. 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. 58. DL PDSCH interference-noise analysis for the Macro cell in the HetNet.

As discussed above, the following observations can be obtained.
Observation 40: 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 with large packet, the following can be observed from UL evaluation results:
· SBFD has lower UL RU compared with legacy TDD:
· XXXXX has slightly lower UL RU than legacy DDDSU.
· XXXXU has lowest UL RU than XXXXX, DXXXU, and legacy DDDSU.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
· The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI).
Observation 2: Under Indoor Office scenario with large packet, 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) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 3: Under Indoor Office scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves better mean UL Average-UPT than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to two aspects:
· Aspect 1: Increased UL resources for SBFD.
· Aspect 2: Lower legacy UL interferences for SBFD.
· SBFD achieves better 5% UPT Average-UPT than legacy, where the 5% UL Average-UPT gains for SBFD are achieved by more UL transmission chances for coverage-limited UEs.
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI), since the inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 4: Under Indoor Office scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· The MMSE-IRC receiver has similar UL Latency-Latency to the performance upper limit (w/o CLI).
Observation 5: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI).
Observation 6: Under Indoor Office scenario with large packet, 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 co-channel inter-subband CLI can be ignored compared with the legacy DL interferences.
Observation 7: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has similar or worse mean DL Average-UPT than legacy TDD, where 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.
· SBFD achieves slightly better 5% DL Average-UPT than legacy TDD for XXXXX, but worse 5% DL Average-UPT than legacy TDD for XXXXU and DXXXU:
· The 5% DL Average-UPT gains for XXXXX are achieved from the increased DL transmission chances for coverage-limited UEs as well as that XXXXX has similar DL resources to legacy DDDSU.
· The 5% DL Average-UPT lost for XXXXU and DXXXU are caused by the Aspect 1 and Aspect 2.
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
Observation 8: Under Indoor Office scenario with large packet, the following can be observed from DL evaluation results:
· SBFD achieves shorter DL Packet-Latency than legacy TDD for XXXXX and longer DL Packet-Latency than legacy TDD for XXXXU and DXXXU.
· The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI).
Observation 9: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· Generally, SBFD has lower UL RU compared with legacy TDD, except for XXXXX.
· XXXXX has similar UL RU to legacy DDDSU for low RU and medium RU.
· XXXXX has higher UL RU than legacy DDDSU for high RU.
· XXXXU has lowest UL RU among these cases since XXXXU has the most UL resources among these cases.
· DXXXU has lower UL RU than XXXXX and more UL RU than XXXXU.
· Compared with Indoor Office scenario with large packet, Indoor Office scenario with small packet has larger UL RU.
· The MMSE-IRC receiver has similar UL RU to the performance upper limit (w/o CLI).
Observation 10: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD has same UL signal powers as legacy TDD.
· SBFD has similar legacy UL interferences to legacy TDD.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage and selectivity) and the gNB self-interferences can be ignored compared with the legacy UL interferences.
Observation 11: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD achieves better mean and 5% UL Average-UPT than legacy TDD.
· SBFD with different slot formats have similar UL Average-UPT, especially for low RU and medium RU.
· The MMSE-IRC receiver has similar UL Average-UPT to the performance upper limit (w/o CLI).
· SBFD under indoor office scenario with small packet achieves more UL Average-UPT gains than that under indoor office scenario with large packet.
Observation 12: Under Indoor Office scenario with small packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· SBFD with different slot formats have similar UL Packet-Latency, especially for low RU and medium RU.
· The MMSE-IRC receiver has similar UL Packet-Latency to the performance upper limit (w/o CLI).
Observation 13: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD has similar or larger DL RU compared with legacy TDD:
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· MMSE-IRC receiver has similar DL RU to the performance upper limit (w/o CLI).
Observation 14: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD has same DL signal powers as legacy TDD.
· SBFD has similar legacy DL interferences to legacy TDD.
· The UE-UE CLI can be ignored compared with the legacy DL interferences.
Observation 15: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD achieves better or similar mean DL Average-UPT than legacy TDD:
· XXXXX achieves better mean DL Average-UPT than legacy DDDSU, especially for low RU.
· XXXXU and DXXXU achieve similar mean DL Average-UPT than legacy DDDSU, especially for low RU and medium RU.
· For 5% DL Average-UPT, it can be observed that:
· XXXXX achieves better 5% DL Average-UPT than legacy DDDSU, especially for low RU.
· XXXXU and DXXXU has similar 5% DL Average-UPT for low RU but worse 5% DL Average-UPT for medium RU and high RU, compared with legacy DDDSU.
· The MMSE-IRC receiver has similar DL Average-UPT to the performance upper limit (w/o CLI).
Observation 16: Under Indoor Office scenario with small packet, the following can be observed from DL evaluation results:
· SBFD achieves shorter mean DL Packet-Latency than legacy TDD for XXXXX, and similar or longer mean DL Packet-Latency than legacy TDD for XXXXU and DXXXU.
· SBFD has similar 5% DL Packet-Latency to legacy TDD.
· The MMSE-IRC receiver has similar DL Packet-Latency to the performance upper limit (w/o CLI).
Observation 17: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar UL RU to legacy DDDSU.
· XXXXU and DXXXU have lower UL RU than legacy DDDSU. 
· For MMSE-IRC receiver:
· It has larger UL RU than the performance upper limit (w/o CLI).
· For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver and larger UL RU than the performance upper limit (w/o CLI).
Observation 18: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs and same UL signal powers as legacy TDD for other UEs.
· For legacy UL interferences, it can be observed that:
· XXXXX has similar legacy UL interferences than legacy DDDSU for low RU, but higher legacy UL interferences than legacy DDDSU for medium RU and high RU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium 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 CLI can be ignored compared with the inter-site gNB-gNB co-channel inter-subband CLI (leakage).
Observation 19: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources.
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs.
· For performance with MMSE-IRC receiver, SBFD cannot achieve the theoretical gains of UL Average-UPT achieved by the increased UL resources, because of the severe inter-site gNB-gNB co-channel inter-subband CLI (leakage).
· The UL performance of SBFD is worse than that of legacy TDD by using the MMSE-IRC receiver.
· For performance with E-MMSE-IRC receiver, SBFD can achieve the theoretical gains of mean UL Average-UPT and provide much better 5% UL Average-UPT compared with MMSE-IRC receiver.
· The E-MMSE-IRC receiver is beneficial and effective for SBFD to suppress the gNB-gNB co-channel CLI in order to achieve better UL performance than legacy TDD.
Observation 20: Under Dense Urban Macro layer scenario with large packet, the following can be observed from UL evaluation results:
· SBFD achieves shorter UL Packet-Latency than legacy TDD.
· The E-MMSE-IRC receiver achieves shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI).
Observation 21: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· For MMSE-IRC receiver:
· It has larger DL RU compared with the performance upper limit (w/o CLI).
Observation 22: Under Dense Urban Macro layer scenario with large packet, 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 co-channel inter-subband CLI impacts on the total DL interferences, especially for the coverage-limited UEs.
Observation 23: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has worse DL Average-UPT than legacy TDD, where 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.
· For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2, especially for 5% DL Average-UPT for medium RU and high RU..
Observation 24: Under Dense Urban Macro layer scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL Packet-Latency to legacy DDDSU.
· XXXXU and DXXXU has longer DL Packet-Latency than legacy DDDSU.
· For MMSE-IRC receiver, it has similar mean DL Packet-Latency and longer 5% DL Packet-Latency compared with the performance upper limit (w/o CLI).
Observation 25: Under Dense Urban Macro layer scenario with large packet, 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 90%, 100%, and 100% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 2%, 18%, 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 26: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has higher UL RU compared with legacy DDDSU.
· XXXXU and DXXXU have similar UL RU compared with legacy DDDSU.
· SBFD under Urban Macro scenario has higher UL RU than that under Dense Urban Macro layer scenario
· For MMSE-IRC receiver: 
· It has larger UL RU than the performance upper limit (w/o CLI).
· For E-MMSE-IRC receiver:
· It has lower UL RU than the MMSE-IRC receiver, and larger UL RU than the performance upper limit (w/o CLI).
Observation 27: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has higher UL signal powers than legacy TDD for coverage-limited UEs, and same UL signal powers as legacy TDD for other UEs.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has much more UEs are under full transmit power.
· For legacy UL interferences, it can be observed that:
· XXXXX has lower legacy UL interferences than legacy DDDSU for low RU, but larger legacy UL interferences than legacy DDDSU for medium RU and high RU.
· XXXXU and DXXXU have lower legacy UL interferences than legacy DDDSU, especially for low RU and medium RU.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower legacy UL interferences.
· 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).
· Compared with Dense Urban Macro layer, the gNB self-interferences and co-site inter-sector gNB-gNB CLI under Urban Macro scenario are almost not changed.
· The inter-site gNB-gNB co-channel inter-subband CLI (leakage) dominates the UL interferences.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario has lower inter-site gNB-gNB CLI (leakage).
· Compared with Dense Urban Macro layer scenario, the inter-site gNB-gNB CLI (leakage) accounts for a smaller proportion of the total power of all kinds of UL interferences and noise under Urban Macro scenario.
Observation 28: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· The coverage-limited UEs will not be scheduled for UL transmission due to very low SINR caused by the larger ISD under Urban Macro scenario, compared with Dense Urban Macro layer scenario. One may not make conclusions on the UL coverage performance based on SLS under Urban Macro scenario.
· For performance upper limit (w/o CLI), SBFD achieves better UL Average-UPT gains than legacy TDD, where the UL Average-UPT gains for SBFD are achieved due to three aspects:
· Aspect 1: Increased UL resources, i.e.,
· Aspect 2: Lower legacy UL interferences, especially for XXXXU and DXXXU.
· Aspect 3: Increased UL transmission chances for coverage-limited UEs.
· Compared with Dense Urban Macro layer scenario, Urban Macro scenario achieves much larger mean UL Average-UPT gains.
· For performance with MMSE-IRC receiver, it can be observed that:
· SBFD achieves more gains of mean UL Average-UPT than the theoretical ones for low RU, and similar gains of mean UL Average-UPT to the theoretical ones for medium RU and high RU.
· SBFD provides more gains of 50% UL Average-UPT than the theoretical ones.
· Compared with Dense Urban Macro layer scenario, the MMSE-IRC receiver achieves better UL Average-UPT under Urban Macro scenario.
· For performance with E-MMSE-IRC receiver, it achieves better UL Average-UPT than the MMSE-IRC receiver.
· The gains of UL Average-UPT from E-MMSE-IRC receiver under Urban Macro scenario is less than that under Dense Urban Macro layer scenario.
Observation 29: Under Urban Macro scenario with large packet, the following can be observed from UL evaluation results:
· SBFD has shorter UL Packet-Latency than legacy TDD.
· The E-MMSE-IRC receiver has shorter UL Packet-Latency than the MMSE-IRC receiver, and it is much closer to the performance upper limit (w/o CLI), especially for medium RU and high RU.
Observation 30: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL RU compared with legacy DDDSU.
· XXXXU and DXXXU have larger DL RU compared with legacy DDDSU.
· For MMSE-IRC receiver: 
· It has larger DL RU compared with the performance upper limit (w/o CLI).
Observation 31: Under Urban Macro scenario with large packet, 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, especially for XXXXU and DXXXU.
· The UE-UE co-channel inter-subband CLI is comparable to the legacy DL interferences.
Observation 32: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· SBFD has worse DL Average-UPT than legacy TDD, where the DL Average-UPT lost for SBFD are caused by three aspects:
· Aspect 1: Reduced DL resources, i.e.,
· -5% DL resources for XXXXX.
· -24% DL resources for XXXXU.
· -18% DL resources for DXXXU.
· Aspect 2: Larger legacy DL interferences.
· Aspect 3: UE-UE CLI.
· For performance upper limit (w/o CLI), the DL Average-UPT lost for SBFD are mainly caused by Aspect 1 and Aspect 2.
· For performance with MMSE-IRC receiver, the DL Average-UPT for SBFD will be additionally affected by Aspect 3 beside Aspect 1 and Aspect 2.
· The 5% DL Average-UPT lost is almost up to -100% than legacy TDD.
Observation 33: Under Urban Macro scenario with large packet, the following can be observed from DL evaluation results:
· For performance upper limit (w/o CLI):
· XXXXX has similar DL Packet-Latency to legacy DDDSU.
· XXXXU and DXXXU has longer DL Packet-Latency than legacy DDDSU.
· For MMSE-IRC receiver, it has similar mean DL Packet-Latency and longer 5% DL Packet-Latency compared with the performance upper limit (w/o CLI).
Observation 34: 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 30%, 95%, and 99% probability for low RU, medium RU, and high RU, respectively.
· The average total power received by gNB exceeds -25dBm with 0%, 1%, and 2% 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 35: For SBFD of XXXXU, compared with legacy TDD, the UL coverage gain is very limited due to the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 0.5 dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 3.7 dB is observed when enhancement scheme is adopted.
Observation 36: For SBFD of XXXXX, compared with legacy TDD, the UL coverage gain is very limited due to the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, -9.5 dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI with 20dB INR and 4 UE-gNB legacy interference with 5dB INR, 3.0 dB is observed when enhancement scheme is adopted.
Observation 37: 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 38: 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 39: For Dynamic/Flexible TDD, under 2-layer scenario B, joint reception can greatly enhance the UL performance of indoor small cell.
Observation 40: 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: Capture the system level simulation results in Fig. 1 to Fig. 6 under Indoor Office scenario with large packet into TR 38.858.
Proposal 2: Capture the system level simulation results in Fig. 7 to Fig. 12 under Indoor Office scenario with large packet into TR 38.858.
Proposal 3: Capture the system level simulation results in Fig. 13 to Fig. 18 under Indoor Office scenario with small packet into TR 38.858.
Proposal 4: Capture the system level simulation results in Fig. 19 to Fig. 24 under Indoor Office scenario with small packet into TR 38.858.
Proposal 5: Capture the system level simulation results in Fig. 25 to Fig. 30 under Dense Urban Macro layer scenario with large packet and the following observations into TR 38.858:
· The performance of SBFD is inferior to that of legacy TDD by using the MMSE-IRC receiver.
· The UL muting resource based E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for SBFD in order to achieve better UL performance than legacy TDD.
Proposal 6: Capture the system level simulation results in Fig. 31 to Fig. 36 under Dense Urban Macro layer scenario with large packet and the following observations into TR 38.858.
· Solutions to handle the UE-UE co-channel inter-subband CLI should be considered, e.g., coordinated scheduling, etc. However, the impact to UL performance should also be accounted.
Proposal 7: Capture the system level simulation results in Fig. 37 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 8: Capture the system level simulation results in Fig. 38 to Fig. 43 under Urban Macro scenario with large packet and the following observations into TR 38.858:
· The UL muting resource based E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI (leakage) is beneficial for Urban Macro scenario.
Proposal 9: Capture the system level simulation results in Fig. 44 to Fig. 49 under Urban Macro scenario with large packet 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. The potential impact to UL performance should be accounted.
Proposal 10: Capture the system level simulation results in Fig. 50 under Urban Macro scenario with large packet 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 11: Capture LLS simulation results in Table.2 and the following observations into TR 38.858
· UL muting resources is beneficial for SBFD to suppress the gNB-to-gNB co-channel CLI in order to achieve better UL coverage performance.
Proposal 12: Capture the system level simulation results in Fig. 55 under 2-layer scenario B and the following observations into TR 38.858:
· The UL muting resource based E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel CLI is beneficial.
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Annex A
The LLS evaluation parameters are provided in the following Table.

Table A.1．Parameters for PUSCH for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXU, where X denotes SBFD slot.

	Target data rates for eMBB
	UL 1Mbps

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

	Channel model for link-level simulation
	gNB-UE: CDL-C
gNB-gNB: CDL-C

	Delay spread
	gNB-UE: 300 ns
gNB-gNB:100 ns

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	SBFD antenna configuration option-2,
· 192 antenna elements 
· (M,N,P,Mg,Ng) = (12,8,2,1,1)

	Number of TxRUs for BS
	SBFD antenna configuration option-2,
· 64 TxRUs for for both SBFD and non-SBFD slots

	Frequency hopping 
	w/o frequency hopping

	BLER
	For eMBB, w/o HARQ, 10% iBLER.

	Number of UE transmit chains 
	1 

	HARQ configuration 
	No HARQ retransmission.

	PRBs/TBS/MCS for eMBB
	28 PRBs/MC5






image3.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analy:

ria

DDDSU:

- - - DDDSU

~ = = XXXXU:
XXXXU:
-~ XXKXU:

XXXXU

XXXXU: SNR

Legacy INR
Legacy INR
CLi(leakage)/N
CLi(selectivity)/N
SN

20
dB

40




image93.png
CDF

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

UL PUSCH Interference-Noise Analysis

rd 771

—— DDDSU: SNR
XXXXX: SNR

— — DDDSU: Legacy INR

— — XXXXX: Legacy INR
| XXXXX: CLi(leakage)/N
— — XXXXX: CLI(selectivity)/N
| XXXXX: SUN

— — XXXXX: CoSiteCLIN
| XXXXX:

AllINR

-30

20

-10 0 10 20

30




image94.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

CLi(leakage)/N
CLi(selectivity)/N

10

20

30




image95.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-30 -20 -10

UL PUSCH Interference-Noise Analysis

/8 T
—— DDDSU: SNR )
DXXXU: SNR
— — DDDSU: Legacy INR !
— — DXXXU: Legacy INR
——— DXXXU: CLi(leakage)/N
— — DXXXU: CLl(selectivity)N
—— DXXXU: SUN
— — DXXXU: CoSiteCLI/N
ALINR

0 10 20

30




image96.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

o Ty

: SNR
: Legacy INR

: Legacy INR

: CLi(leakage)/N

: CLI(selectivity)/N
: SUN

: CoSiteCLIN

: ANl INR

-20

-10

30




image97.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
——— XXXXU: CLi(leakage)/N

— — XXXXU: CoSiteCLIN
| XXXXU: All INR

-20 -10 0 10 20

30




image98.png
UL PUSCH Interference-Noise Analysis

L] )

—— DDDSU: SNR |
DXXXU: SNR

— — DDDSU: Legacy INR

i

— — DXXXU: Legacy INR "
i

i

|

| DXXXU: CLI(leakage)/N
— — DXXXU: CLi(selectivity)/N
——— DXXXU: SUN

— — DXXXU: CoSiteCLI/N

| ——— DXXXU: All INR

CDF

0.5

0.4

0.3

0.2

0.1

-20

-10 0 10 20

30




image99.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-}
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

50 100 150
UPT (Mbps)

250




image100.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

0 50 100 150 200 250
UPT (Mbps)




image101.png
CDF

UL PUSCH

0.9

0.8

0.7

0.6

0.5

UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

100
UPT (M|

150 200
bps)

250




image102.png
200.00
180.00
z 160.00
§ 140.00
= 120.00
& 100.00
3 80.00
5 60.00
< 40.00
20.00
0.00
= Mean UPT
= 95% UPT
= 50% UPT
= 5% UPT
—o—Mean Gain
—8—95% Gain
—8—150% Gain
—8—5% Gain

MMSE-IRC
DDDSU
66.92
121.77
76.12
4.03
0%

0%

0%

0%

UL Average-UPT: Dense Urban Macro Layer with low UL RU and DL RU

MMSE-IRC ~ E-MMSE-IRC w/o CLI

76.67

128.77

89.21
4.33
15%

6%
17%
7%

= Mean UPT

XXXXX

90.57 101.88

138.34 149.89

109.78 125.00
6.43 9.31
35% 52%
14% 23%
44% 64%
59% 131%

m 95% UPT e 50% UPT

MMSE-IRC

108.96

182.16

128.14
8.16
63%
50%
68%
103%

5% UPT

E-MMSE-IRC
XXXXU

118.22

186.72

142.42
9.33
T71%
53%
87%
132%

—e—Mean Gain

w/o CLI

129.25

205.25

151.79
10.34
93%
69%
99%
157%

——95% Gain

MMSE-IRC

101.58

168.94

124.29
5.80
52%
39%
63%
44%

—o—50% Gain

E-MMSE-IRC w/o CLI
DXXXU

107.82 117.80
175.00 190.19
126.20 138.64
7.02 9.76
61% 76%
44% 56%
66% 82%
T4% 142%
——5% Gain

180%
160%
140%
120%
100%
80%
60%
40%
20%
0%

Average-UPT Gain




image4.png
CDF

UL PUSCH Interference-Noise Analysis

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

s

DDDSU:
DXXXU: SNR

- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLI(leakage)/N
- - - DXXXU: CLI(selectivity)/N
DXXXU: SUN

DXXXU: All INR

'
‘
v

'
:
1
:
v
'
.

20

dB

40




image103.png
200.00
180.00
z 160.00
§ 140.00
= 120.00
& 100.00
3 80.00
5 60.00
< 40.00
20.00
0.00
= Mean UPT
= 95% UPT
- 50% UPT
5% UPT
—8—Mean Gain
—8—95% Gain
—e—50% Gain
—o— 5% Gain

UL Average-UPT: Dense Urban Macro Layer with medium UL RU and DL RU

MMSE-IRC MMSE-IRC  E-MMSE-IRC w/o CLI

DDDSU XXXXX
64.99 47.21 74.62
118.11 83.11 114.74
71.99 53.06 89.74

3.10 1.25 5.70
0% -27% 15%
0% -30% -3%
0% -26% 25%
0% -60% 84%

mmm Mean UPT e 95% UPT

98.40

143.20

120.06
10.65
51%
21%
67%
244%

m— 50% UPT

MMSE-IRC

97.70

163.44

115.12
6.20
50%
38%
60%
100%

5% UPT

XXXXU
109.15
173.30
130.05

8.17
68%
47%
81%
164%

—8—Mean Gain

w/o CLI

127.14

199.81

151.27
12.68
96%
69%
110%
309%

—8—95% Gain —8—350% Gain

MMSE-IRC

93.33

159.36

110.12
4.28
44%
35%
53%
38%

E-MMSE-IRC
DXXXU

101.98

165.23

119.08
7.78
57%
40%
65%
151%

—8—5% Gain

w/o CLI

114.62

183.84

133.63
10.00
76%
56%
86%
223%

350%
300%
250%
200%
150%
100%
50%
0%
-50%
-100%

Average-UPT Gain




image104.png
250.00

200.00

150.00

100.00

Average-UPT (Mbps)

50.00

0.00

= Mean UPT
m— 95% UPT
— 50% UPT
5% UPT
—e—Mean Gain
——95% Gain
——50% Gain
——5% Gain

MMSE-IRC MMSE-IRC

DDDSU

59.97 30.42

111.26 61.75

69.79 32.90
0.72 0.00
0% -49%
0% -45%
0% -53%
0% -100%

UL Average-UPT: Dense Urban Macro Layer with high UL RU and DL RU

E-MMSE-IRC w/o CLI

XXXXX
61.97
97.21
74.48

2.27
3%
-13%
7%
217%

90.88
132.74
110.71
9.63
52%
19%
59%
1246%

mmm Mean UPT — wemm 95% UPT  wemm 50% UPT

MMSE-IRC

91.19

158.19

104.45
1.85
52%
42%
50%
158%

5% UPT

E-MMSE-IRC
XXXXU
103.18
164.18
122.85
6.29
2%
48%
76%
T79%

—e—Mean Gain

w/o CLI

120.59
191.21
14321
11.40
101%
2%
105%
1494%

——95% Gain

MMSE-IRC

88.03

157.79

101.96
1.22
47%
42%
46%
70%

—o—50% Gain

E-MMSE-IRC
DXXXU
97.19
162.37
114.08
4.62
62%
46%
63%
546%

——5% Gain

w/o CLI

109.20
174.74
124.29
8.99
82%
57%
78%
1157%

1600%
1400%
1200%
1000%
800%
600%
400%
200%
0%
-200%

Average-UPT Gain




image105.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

50 100 150 200 250 300
Latency (ms)




image106.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-}

XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

50 100 150 200 250 300
Latency (ms)




image107.png
UL Packet-Latency CDF

—— DDDSU
0.4 |——— XXXXX + MMSE-IRC
— — XXXXX + E-MMSE-IRC
03 - eeex XXXXX + w/o CLI
| XXXXU + MMSE-

0.2

XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
0.1 — = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

0 50 100 150 200 250 300
Latency (ms)




image108.png
UL Packet-Latency: Dense Urban Macro Layer with low UL RU and DL RU

Packet-Latency (ms)

250.00 0%
-10%
200.00
20%
150.00 30%
100.00 ~40%
50%
50.00
-60%
0.00 -70%
MMSE-IRC ~ MMSEJRC | E-MMSE-IRC ~ WoCLI = MMSEIRC E-MMSE-IRC  w/oCLI MMSE-IRC  E-MMSEMIRC | w/o CLI
DDDSU XXXXX XXXXU DXXXU
m—\ean Latency 5258 33.63 26.98 28.01 277 22 2265 24.86 26.20 236
—05%% Latency 192,00 125.00 132.50 120,00 85.50 92.50 87.50 98.50 112.50 93.50
—50% Latency 13.00 1150 9.50 8.50 8.00 7.50 7.00 8.50 8.00 7.50
5% Latency 7.50 7.00 6.50 6.00 5.00 450 450 5.00 5.00 4.50
—e—Mean Gain 0% 36% -49% 47% 57% 58% 57% -53% -50% -57%
—e—95% Gain 0% 35% 31% 38% 55% 52% -54% -49% 41% 51%
—e—50% Gain 0% 12% 27% 35% 38% 2% -46% 35% -38% 42%
—— 5% Gain 0% 7% 13% 20% 33% -40% -40% -33% -33% -40%

mmm Mean Latency ~— mmmm 95% Latency — mmmmi 50% Latency — mmmm 5% Latency —@—Mean Gain —@=95% Gain ——50% Gain —8—35% Gain

Packet-Latency Gain




image109.png
300.00

250.00

200.00

150.00

100.00

Packet-Latency (ms)

50.00

mmmm Mean Latency
m 95% Latency
= 50% Latency
[ 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
——5% Gain

UL Packet-Latency: Dense Urban Macro Layer with medium UL RU and DL RU

MMSE-IRC MMSE-IRC  E-MMSE-IRC w/o CLI
DDDSU XXXXX
67.52 52.56 35.93 27.88
247.00 195.00 149.50 100.50
14.00 19.00 11.50 9.00
7.50 10.50 8.00 6.00
0% -22% -47% -39%
0% -21% -39% -39%
0% 36% -18% -36%
0% 40% 7% -20%
mm Mean Latency ~— SN 95% Latency W 50% Latency

MMSE-IRC

27.15
104.50
9.00
5.00
-60%
-58%
-36%
-33%

[ 5% Latency

E-MMSE-IRC
XXXXU
29.86
107.00
8.00
5.00
-56%
-57%
-43%
-33%

—8—Mean Gain

w/o CLI MMSE-IRC  E-MMSE-IRC w/o CLI
DXXXU

21.89 30.42 30.93 25.04
87.50 118.50 125.00 99.00
7.00 9.50 8.50 8.00
4.50 5.50 5.00 5.00
-68% -55% -54% -63%
-65% -52% -49% -60%
-50% -32% -39% -43%
-40% -27% -33% -33%
—8—095% Gain —8—350% Gain ~—®—5% Gain

60%
40%
20%
0%
-20%
-40%
-60%
-80%

Packet-Latency Gain




image110.png
UL Packet-Latency: Dense Urban Macro Layer with high UL RU and DL RU

Packet-Latency (ms)

400.00 150%
350.00
300.00 100%
250.00 50%
200.00
150.00 0%
100.00 o0
50.00
0.00 -100%
MMSE-IRC =~ MMSE-IRC  E-MMSE-IRC  w/oCLI MMSE-IRC | E-MMSE-IRC =~ w/o CLI MMSE-IRC  E-MMSE-IRC ~ w/oCLI
DDDSU XXXXX XXXXU DXXXU
= \fcan Latency 8116 82.67 49.03 28.15 36.71 31.01 24.18 42.94 36.98 30.78
= 95% Latency 361.50 32250 18250 10150 14450 114.00 85.50 167.50 137.00 99.50
= 50% Latency 14.00 29.00 14.00 9.50 9.50 8.50 7.50 10.00 9.00 8.00
= 5 Latency 8.00 14.00 9.00 6.50 5.50 5.00 450 5.00 5.00 5.00
—e—Mean Gain 0% 2% -40% -65% -55% -62% -70% -47% -54% -62%
——05% Gain 0% -11% -50% 2% -60% -68% -76% -54% -62% 72%
—e—50% Gain 0% 107% 0% 32% 32% -39% -46% 29% -36% -43%
—e— 5% Gain 0% 75% 13% -19% 31% -38% 4% -38% -38% -38%

mmmm Mean Latency — wmmm 95% Latency — wwwmi 50% Latency — wemm 5% Latency —®—Mean Gain —#=—95% Gain —#—50% Gain —8—35% Gain

Packet-Latency Gain




image111.png
RU

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

DL Type-2 RU: Dense Urban Macro Layer

87.5%

MMSE-IRC
DDDSU

MMSE-IRC

MMSE-IRC
XXXXX

mLowRU (<10%)  mMedium RU (20%-40%)

XXXXU

=High RU (>50%)

MMSE-IRC





image112.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXX: SNR
— — DDDSU: Legacy INR
— — XXXXX: Legacy INR
- XXXXX: CLUN

| XXXXX: All INR

80 60 40 20 0 20 40 60 80




image5.png
0.9

0.8

0.7

0.6

0.5

CDF

UL PUSCH Interference-Noise Analy:

v T

DDDSU: SNR
XXXXX: SNR

- - - DDDSU: Legacy INR

-~ = XXXXX: Legacy INR
XXXXX: CLi(leakage)/N
— ~ = XXXXX: CLi(selectivity)/N
XXXXX: SUN

XXXXX: All INR

'
‘
]
'

10

20

30

40




image113.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
- XXXXU: CLIN

| XXXXU: All INR

-80

60 40 20 0 20 40 60 80




image114.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR
— — DDDSU: Legacy INR
— — DXXXU: Legacy INR
-~ DXXXU: CLIN

| DXXXU: All INR

80 60 40 20 0 20 40 60 80




image115.png
0.9
0.8

0.7

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXX: SNR

— — DDDSU: Legacy INR
— — XXXXX: Legacy INR
- XXXXX: CLUN
| XXXXX: All INR

40 60

80




image116.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
- XXXXU: CLIN

| XXXXU: All INR

80 60 40 20 0 20 40 60 80




image117.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-60

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR

— — DDDSU: Legacy INR
— — DXXXU: Legacy INR
-~ DXXXU: CLIN
| DXXXU: All INR

40

60

80




image118.png
0.9
0.8

0.7

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXX: SNR

— — DDDSU: Legacy INR
— — XXXXX: Legacy INR
- XXXXX: CLUN
| XXXXX: All INR

40 60

80




image119.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
- XXXXU: CLIN

| XXXXU: All INR

-40 -20 0 20 40 60 80

dB




image120.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR
— — DDDSU: Legacy INR
— — DXXXU: Legacy INR
-~ DXXXU: CLIN

| DXXXU: All INR

-40 -20 0 20 40 60 80

dB




image121.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

0 200 400 600 800 1000
UPT (Mbps)




image122.png
CDF

0.3

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

0 100 200 300 400 500 600 700 800
UPT (Mbps)




image6.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analy:

7T

DDDSU:
XXXXU: SNR

- - - DDDSU: Legacy INR

- - - XXXXU: Legacy INR
XXXXU: CLi(leakage)/N
-~~~ XXXXU: CLi(selectivity)/N
XXXXU: SN

XXXXU: All INR

30 20 10 0

40




image123.png
CDF

0.3

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

0 100 200 300 400 500 600 700
UPT (Mbps)




image124.png
DL Average-UPT: Dense Urban Macro Layer with low UL RU and DL RU

Average-UPT (Mbps)

800.00 60%
700.00 50%
600.00 0%
30% &
500.00 20%
400.00 10% 5
300.00 0% %"
-10% 8
200.00 -
100.00 30%
0.00 -40%
MMSE-IRC MMSE-IRC wlo CLI MMSE-IRC wlo CLI MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU
— \Mean UPT 488.62 470.63 48932 349,98 367.50 386.63 404.19
= 05% UPT 73212 707.07 71318 529.84 559.00 570.82 595.22
= 50% UPT 490.63 46247 49034 34833 358.52 39241 402.68
- 5% UPT 263.80 248.20 27730 190.02 201.99 208.67 22395
—e—Mean Gain 0% 4% 0% 28% 25% 21% -17%
—8—095% Gain 0% 3% 3% 28% 24% 22% -19%
—e—50% Gain 0% 6% 0% 29% 27% 20% -18%
—e—5% Gain 0% 6% 5% 28% 23% 21% -15%

mmm Mean UPT — mmmm 95% UPT ~ memm 50% UPT ~ mmmm 5% UPT ~—@—Mean Gain ——95% Gain —@—50% Gain ~——5% Gain




image125.png
DL Average-UPT: Dense Urban Macro Layer with medium UL RU and DL RU

Average-UPT (Mbps)

600.00 70%
500.00 50%
=
. g
400.00 0% §
10% k&
300.00 5
-10% &
200.00 0% ;E
100.00 50%
0.00 -70%
MMSE-IRC MMSE-IRC wlo CLI MMSE-IRC wlo CLI MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU
= \Mean UPT 345.62 306.43 336.13 235.69 23637 256.05 27492
= 05% UPT 55840 517.93 536.41 396.69 404.36 431.06 449.87
— 50% UPT 33061 294.65 32422 220.40 21834 240.81 260.60
= 5% UPT 177.12 113.82 176.96 101.10 117.13 108.85 130.20
—e—Mean Gain 0% -11% 3% 32% 32% 26% 20%
—8—95% Gain 0% 1% 4% 29% 28% 23% -19%
—e—50% Gain 0% -11% 2% -33% -34% 27% 21%
—e—5% Gain 0% -36% 0% -43% -34% -39% 26%

mmm Mean UPT — wemm 95% UPT e 50% UPT ~ wemm 5% UPT ~ —@—DMean Gain =~ —#=—95% Gain —8—150% Gain ~—#—5% Gain




image126.png
500.00
450.00
2 400.00
§ 350.00
= 300.00
& 250.00
3 200.00
5 150.00
< 100.00
50.00
0.00
= Mean UPT
= 95% UPT
— 50% UPT
5% UPT
—e—Mean Gain
—e—95% Gain
—e—50% Gain
—e—5% Gain

MMSE-IRC
DDDSU

25737
438.65
242.14
108.76
0%
0%
0%
0%

mmm Mean UPT

DL Average-UPT: Dense Urban Macro Layer with high UL RU and DL RU

MMSE-IRC w/o CLI
XXXXX
228.17 256.81
434.54 456.02
219.51 236.46
45.59 121.91
-11% 0%
-1% 4%
-9% -2%
-58% 12%
m— 95% UPT

MMSE-IRC

159.26

308.93
151.06
38.62
-38%
-30%
-38%
-64%

w/o CLI

XXXXU

174.26

306.90
166.83
65.82
-32%
-30%
-31%
-39%

MMSE-IRC

177.29

33526
169.27
58.03
-31%
-24%
-30%
-47%

e 50% UPT e 5% UPT ~ —@—Mean Gain ——95% Gain —@—50% Gain

w/o CLI

DXXXU

——5% Gain

194.06

361.36
182.34
87.00
-25%
-18%
-25%
-20%

100%
80%
60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

Average-UPT Gain




image127.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

20

40 60 80
Latency (ms)

100




image128.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

50

100 150
Latency (ms)

200




image129.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

0 50 100 150
Latency (ms)

200




image130.png
30.00

25.00

20.00

15.00

10.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
9.77
19.50
8.00
5.00
0%
0%
0%
0%

mmm Mean Latency

DL Packet-Latency: Dense Urban Macro Layer with low UL RU and DL RU

MMSE-IRC

10.08
20.00
8.50
5.50
3%
3%
6%
10%

m 95% Latency

w/o CLI
XXXXX

9.42
18.50
8.00
5.00
-4%
-3%
0%
0%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
14.41 12.95
26.50 26.00
11.50 11.00
6.50 6.50
47% 32%
36% 33%
44% 38%
30% 30%

I 5% Latency

—e—Mean Gain ~ —@=95% Gain

MMSE-IRC w/o CLI
DXXXU

12.07 11.46
23.50 22.00
10.50 9.50
6.50 6.00
24% 17%
21% 13%
31% 19%
30% 20%
—8—50% Gain ~ —@—5% Gain

60%
50%
40%
30%
20%
10%
0%
-10%

Packet-Latency Gain




image131.png
60.00

50.00

40.00

30.00

20.00

Packet-Latency (ms)

10.00

mmmm Mean Latency
m 95% Latency
= 50% Latency
[ 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
15.21
34.00
12.50
6.50
0%
0%
0%
0%

mm Mean Latency

DL Packet-Latency: Dense Urban Macro Layer with medium UL RU and DL RU

MMSE-IRC

19.47
43.00
13.50
7.00
28%
26%
8%
8%

I 95% Latency

w/o CLI

XXXXX

15.25
33.00
12.50

6.50

0%

-3%

0%

0%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
2323 22.74
51.00 50.50
18.50 18.50
8.50 8.50
53% 49%
50% 49%
48% 48%
31% 31%
5% Latency ~ —@—Mean Gain ~ —#=95% Gain

MMSE-IRC w/o CLI
DXXXU

20.40 18.89
45.50 41.50
16.50 15.50
8.00 8.00
34% 24%
34% 22%
32% 24%
23% 23%
—8—50% Gain ~ —@—5% Gain

60%
50%
40%
30%
20%
10%
0%
-10%

Packet-Latency Gain




image132.png
140.00
120.00
100.00
80.00
60.00
40.00

Packet-Latency (ms)

20.00
0.00

mm Mean Latency
= 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
23.05
56.00
17.00
7.50
0%

0%

0%
0%

mmmm Mean Latency

DL Packet-Latency: Dense Urban Macro Layer with high UL RU and DL RU

MMSE-IRC

31.96
83.00
18.50
8.00
39%
48%
9%
7%

m 95% Latency

w/o CLI

XXXXX

2241
54.00
17.50

7.50

-3%

-4%

3%

0%

= 50% Latency

MMSE-IRC
XXXXU
444
128.50
28.00
11.00
93%
129%
65%
47%

w59 Latency ~ —@=—Mean Gain

w/o CLI

36.66
96.00
26.50
10.50
59%
1%
56%
40%

—8—95% Gain

MMSE-IRC w/o CLI
DXXXU

35.65 31.08
95.50 79.50
25.00 23.00
10.00 9.50
55% 35%
1% 42%
47% 35%
33% 27%

—8—50% Gain ~ —@—5% Gain

140%
120%
100%
80%
60%
40%
20%
0%
-20%

Packet-Latency Gain




image7.png
CDF

UL PUSCH Interference-Noise Analy:

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

T 7T

DDDSU:
DXXXU: SNR
- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLi(leakage)/N
- - - DXXXU: CLi(selectivity)/N
DXXXU: SUN

DXXXU: All INR

'
0
i
]
'
'
i
i
'
¢
:
i
r

30 20 10 0

40




image133.png
CDF

09

08

0.7

0.6

05

04

03

0.2

01

gNB Blocking Analysis
1

—— Low RU: Received power
— — LowRU: CLI
~— Medium RU: Received power
~ = Medium RU: CLI
~ High RU: Received power
~ -~ High RU: CLI
-43dBm -25dBm
-70 -60 -50 -40 -30 -20 -10




image134.png
RU

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

UL Type-2 RU: Urban Macro

94.4%
87.1%
73,80
67.5%
54.29% 55 58.0% 53.70 56.9%
- 5 52.6%
38.2 33.7% »
9.6% 7.3%| 7.2%| 6.4%) 5 .
MMSE-IRC MMSE-IRC E-MMSE-IRC wlo CLI MMSE-IRC E-MMSE-IRC wlo CLI MMSE-IRC E-MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU

mLOwRU (<10%)  mMedium RU (20%-40%) = High RU (>50%)





image135.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

——— XXXXX: SUN

Legacy INR
CLi(leakage)/N
: CLI(sele

— — XXXXX: CoSiteCLI/N
XXXXX: All INR

ity)N

-80 -60

-20 0 20




image136.png
UL PUSCH Interference-Noise Analysis

CDF

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—— DDDSU: SNR
XXXXU: SNR

— — DDDSU: Legacy INR

— — XXXXU: Legacy INR

——— XXXXU: CLi(leakage)/N

— — XXXXU: CoSiteCLIUN

| XXXXU: All INR
_—

50 40 30 20 -10 0 10 20




image137.png
UL PUSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR

— — DDDSU: Legacy INR

— — DXXXU: Legacy INR
——— DXXXU: CLi(leakage)/N
— — DXXXU: CLi(selectivity)/N
——— DXXXU: SUN

— — DXXXU: CoSiteCLI/N

CDF

0.6

0.5

0.4

0.3

0.2

0.1

AILINR

-60

10

20




image138.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

v 7
—— DDDSU: SNR 4
XXXXX: SNR I3
— — DDDSU: Legacy INR §
— — XXXXX: Legacy INR
——— XXXXX: CLI(leakage)/N 4
|~ — XXXXX: CLI(selectivity)/N 13
——— XXXXX: SUN [}
— — XXXXX: CoSiteCLIN 1
| XXXXX: All INR
-30 20 -10 0 10

20




image139.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

CLi(leakage)/N
CLi(selectivity)/N
si
: CoSiteCLUN
XXXXU: All INR





image140.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

71 -
—— DDDSU: SNR e
DXXXU: SNR Iy
— — DDDSU: Legacy INR §
— — DXXXU: Legacy INR 7
——— DXXXU: CLi(leakage)/N '
— — DXXXU: CLI(selectivity)/N ]
—— DXXXU: SUN
CositeCLI/N
AILINR

-30 20 -10 0 10

20




image141.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

Legacy INR
CLi(leakage)/N

: CLI(selectivity)/N
| XXXXX: SUN

— — XXXXX: CoSiteCLIN
XXXXX: All INR

-30

-20 -10 0 10 20




image142.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR

— — DDDSU: Legacy INR

— — XXXXU: Legacy INR
——— XXXXU: CLi(leakage)/N
— — XXXXU: CLi(selectivity)/N

— — XXXXU: CoSiteCLIN
| XXXXU: All INR





image8.png
"
=}
o

UL PUSCH Interference-Noise Analy:

0.9

0.8

0.7

XXXXX: All INR

T 7
: SNR

SNR

Legacy INR

Legacy INR

CLi(leakage)/N

CLi(selectivity)/N

SUN

0.6

0.5

0.4

0.3

0.2

0.1

)
:
'
Il
'
'
T
'
y
]
]
v

0
-40

L
-30

20 10 0 10
dB

30

40




image143.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

—— DDDSU:
DXXXU:
— — DDDSU:
— — DXXXU:
| DXXXU:
— — DXXXU:
——— DXXXU:
— — DXXXU:
——— DXXXU:

SNR
SNR

Legacy INR
Legacy INR
CLi(leakage)/N
CLi(selectivity)/N
SUN

CoSiteCLI/N
AILINR

dia





image144.png
UL PUSCH UPT CDF

0.4

0.3

0.2

0.1

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

0 50 100

150 200 250

UPT (Mbps)




image145.png
0.9

0.8

0.7

0.6

UL PUSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

50

100

150 200

UPT (Mbps)

250




image146.png
0.9

0.8

0.7

0.6

UL PUSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

50

100

150 200

UPT (Mbps)

250




image147.png
180.00
160.00
& 140.00
g 120.00
= 100.00
%‘; 80.00
g 60.00
z 40.00
20.00
0.00
= Mean UPT
m— 05% UPT
= 50% UPT
5% UPT
—o—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

UL Average-UPT: Urban Macro with low UL RU and DL RU

MMSE-IRC MMSE-IRC ~ E-MMSE-IRC w/o CLI MMSE-IRC  E-MMSE-IRC w/o CLI MMSE-IRC  E-MMSE-IRC
DDDSU XXXXX XXXXU DXXXU
20.86 34.12 37.37 37.11 40.32 40.19 44.38 39.11 36.56
105.13 122.24 129.17 13333 163.78 163.17 166.67 153.85 14835
6.57 9.50 9.71 10.64 10.05 12.46 13.52 11.17 1143
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0% 64% 79% 78% 93% 93% 113% 87% 75%
0% 16% 23% 27% 56% 55% 59% 46% 41%
0% 45% 48% 62% 53% 90% 106% 70% T4%
0% 0% 0% 0% 0% 0% 0% 0% 0%
mmm Mean UPT — mmmm 95% UPT ~ mmm 50% UPT ~ mmmmi 5% UPT —@—Mean Gain —€=—95% Gain ——50% Gain —8—35% Gain

w/o CLI

38.30

153.85
12.00
0.00
84%
46%
83%

0%

120%

100%

80%

60%

40%

20%

0%

Average-UPT Gain




image148.png
180.00
160.00
& 140.00
g 120.00
E 100.00
g-)‘J 80.00
g 60.00
z 40.00
20.00
0.00
mmm Mean UPT
= 05% UPT
— 50% UPT
5% UPT
—8—Mean Gain
—8—95% Gain
——50% Gain
——5% Gain

UL Average-UPT: Urban Macro with medium UL RU and DL RU

MMSE-IRC MMSE-IRC ~ E-MMSE-IRC w/o CLI
DDDSU XXXXX
26.35 31.52 38.30 47.40
108.02 100.00 112.23 132.48
7.82 12.57 17.40 2391
0.00 0.00 0.00 0.00
0% 20% 45% 80%
0% -7% 4% 23%
0% 61% 122% 206%
0% 0% 0% 0%
mmm Mean UPT w959 UPT e 50% UPT

MMSE-IRC

45.19

153.85
16.26
0.00
1%
42%
108%

0%

5% UPT

E-MMSE-IRC
XXXXU
50.50
162.34
20.47
0.00
92%
50%
162%
0%

—8—Mean Gain

w/o CLI

56.14
167.83
26.13
0.00
113%
55%
234%
0%

—8—95% Gain

MMSE-IRC

41.37
145.37
15.26
0.00
57%
35%
95%
0%

—8—50% Gain

E-MMSE-IRC
DXXXU
46.09
152.78
17.32
0.00
75%
41%
121%
0%

—8—5% Gain

w/o CLI

51.64

169.23
21.88
0.00
96%
57%
180%

0%

250%

200%

150%

100%

50%

Average-UPT Gain

0%

-50%




image149.png
180.00
160.00
& 140.00
g 120.00
E 100.00
g-)‘J 80.00
g 60.00
z 40.00
20.00
0.00
= Mean UPT
m— 05% UPT
= 50% UPT
5% UPT
—e—Mean Gain
——95% Gain
——50% Gain
——5% Gain

UL Average-UPT: Urban Macro with high UL RU and DL RU

MMSE-IRC MMSE-IRC ~ E-MMSE-IRC w/o CLI
DDDSU XXXXX
25.14 26.78 3391 47.00
103.14 88.03 99.18 124.83
6.78 11.20 15.71 24.10
0.00 0.00 0.00 0.00
0% 7% 35% 87%
0% -15% -4% 21%
0% 65% 132% 255%
0% 0% 0% 0%
mmm Mean UPT w959 UPT e 50% UPT

MMSE-IRC

42.62

152.04
14.79
0.00
69%
47%
118%

0%

5% UPT

E-MMSE-IRC
XXXXU
48.08
158.41
18.83
0.00
91%
54%
178%
0%

—e—Mean Gain

w/o CLI

57.65
168.73
27.07
0.00
129%
64%
299%
0%

——95% Gain

MMSE-IRC

40.27
150.11
13.35
0.00
60%
46%
97%
0%

—o—50% Gain

E-MMSE-IRC
DXXXU
43.81
148.47
16.87
0.00
T4%
44%
149%
0%

——5% Gain

w/o CLI

50.96
160.41
22.85
0.00
103%
56%
237%
0%

350%
300%
250%
200%
150%
100%
50%
0%

Average-UPT Gain

-50%




image150.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

200 400 600 800 1000
Latency (ms)




image151.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-}
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

200 400 600 800 1000
Latency (ms)




image152.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
— = XXXXX + E-MMSE-IRC
XXXXX + w/o CLI
| XXXXU + MMSE-IRC
|~ XXXXU + E-MMSE-IRC
XXXXU + w/o CLI
| ——— DXXXU + MMSE-IRC
— = DXXXU + E-MMSE-IRC
DXXXU + w/o CLI

200 400 600 800 1000
Latency (ms)




image9.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analy:

S T T

DDDSU: SNR
XXXXU: SNR

- - - DDDSU: Legacy INR

- - - XXXXU: Legacy INR
XXXXU: CLi(leakage)/N
-~~~ XXXXU: CLi(selectivity)/N
XXXXU: SN

XXXXU: All INR

-
.
‘
T
'
'
'
1
.
'
v

20 -10 0
dB

10

40




image153.png
600.00

500.00

400.00

300.00

200.00

Packet-Latency (ms)

100.00

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

UL Packet-Latency: Urban Macro with low UL RU and DL RU

MMSE-IRC MMSE-IRC

DDDSU
154.41
54250
104.00

8.50
0%
0%
0%
0%

mmm Mean Latency

E-MMSE-IRC ~ w/oCLI
XXXXX
62.05 81.25 84.01
209.50 283.00 30150
24.50 42.00 41.50
7.50 7.00 7.00
-60% -47% -46%
-61% -48% -44%
-76% -60% -60%
-12% -18% -18%
m—05% Latency ~ mmmm 50% Latency

MMSE-IRC

63.01
204.00
35.50
5.50
-59%
-62%
-66%
-35%

5% Latency

E-MMSE-IRC
XXXXU

67.76

236.50
40.00

6.00

-56%
-56%
-62%
-29%

—e—Mean Gain

w/o CLI MMSE-IRC  E-MMSE-IRC w/o CLI
DXXXU
68.11 62.79 81.92 72.37
206.00 197.50 304.00 249.00
34.00 42.00 44.50 43.00
5.50 6.00 6.50 6.00
-56% -59% -47% -53%
-62% -64% -44% -54%
-67% -60% -57% -59%
-35% -29% -24% -29%
——095% Gain —8—350% Gain ~——5% Gain

0%
-10%

-20% -

-30%
-40%
-50%
-60%
-70%
-80%
-90%

Packet-Latency Gain




image154.png
UL Packet-Latency: Urban Macro with medium UL RU and DL RU

Packet-Latency (ms)

800.00 10%
700.00 0%
600.00 -10%
500.00 -20%
-30%
400.00
-40%
300.00 50%
200.00 60%
100.00 -70%
0.00 -80%
MMSEIRC ~ MMSE-IRC | E-MMSE-IRC  w/oCLI MMSEIRC ~ E-MMSE-IRC ~ w/oCLI MMSEIRC ~E-MMSE-IRC  w/oCLI
DDDSU XXXXX XXXXU DXXXU
= Mean Latency 185.46 82.50 79.04 63.86 61.99 64.24 58.83 71.02 65.52 68.78
= 959% Latency 728.00 228.50 229.00 197.50 183.00 205.00 192.00 210.00 193.50 231.50
w— 50% Latency 109.50 51.00 42.00 38.00 44.50 40.50 36.00 47.50 45.00 39.50
5% Latency 8.50 9.00 8.00 7.50 6.00 6.00 5.50 6.50 6.00 5.50
—e—Mean Gain 0% -56% -57% -66% -67% -65% -68% -62% -65% -63%
——95% Gain 0% -69% -69% -73% -75% -72% -74% 71% -73% -68%
——50% Gain 0% -53% -62% -65% -59% -63% -67% -57% -59% -64%
—e—5% Gain 0% 6% 6% -12% -29% -29% -35% 24% -29% -35%

W Mean Latency ~— W 95% Latency W 50% Latency W 5% Latency —®—Mean Gain —#=—95% Gain —#—50% Gain —8—5% Gain

Packet-Latency Gain




image155.png
UL Packet-Latency: Urban Macro with high UL RU and DL RU

Packet-Latency (ms)

800.00 30%
700.00 20%
10%
600.00 0%
500.00 -10%
20%
400.00 oot
300.00 20%
200.00 -50%
100.00 s
: -70%
0.00 -80%
MMSE-IRC =~ MMSEMRC ~E-MMSE-IRC ~ w/oCLI MMSE-IRC  E-MMSE-IRC  w/oCLI MMSE-IRC ~ E-MMSE-IRC ~ w/oCLI
DDDSU XXXXX XXXXU DXXXU
m\Mean Latency  184.27 103.68 76.89 67.60 66.81 71.83 56.85 76.24 76.13 71.98
=059 Latency 695.50 359.00 229.00 202.00 206.00 223.00 186.00 233.50 236.00 236.00
= 50% Latency 110.00 44.50 41.00 3450 41.50 450 34.00 48.50 48.50 40.00
= 5 Latency 9.00 10.50 9.50 7.50 6.00 6.00 5.50 6.50 6.50 6.00
—e—Mean Gain 0% -44% -58% -63% -64% -61% -69% -59% -59% -61%
——095% Gain 0% -48% -67% 71% -70% -68% 73% -66% -66% -66%
—e—50% Gain 0% -60% -63% -69% -62% -61% -69% -56% -56% -64%
—e—5% Gain 0% 17% 6% -17% -33% -33% -30% -28% -28% -33%

mmmm Mean Latency — wmmm 95% Latency — wwwmi 50% Latency — wemm 5% Latency —®—Mean Gain —#=—95% Gain —#—50% Gain —8—35% Gain

Packet-Latency Gain




image156.png
RU

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

DL Type-2 RU: Urban Macro

81.7% 82.1%
74.6%

71.6% 71.6%

60.5% 61.0%

54.20

oo, 47.3%

40.2%
33.99, 34.9%

7.8% 9.8% 729% 11.9% 10.0% 9.8% 8.9%

MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC w/o CLI
DDDSU XXXXX XXXXU DXXXU

mLowRU (<10%)  mMedium RU (20%-40%) = High RU (>50%)





image157.png
CDF

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR

0.9 XXXXX: SNR
— — DDDSU: Legacy INR

0.8 | |= = XXXXX: Legacy INR
- XXXXX: CLUN
| XXXXX: All INR

0.7

06

05

0.4

03

0.2

0.1

[

<100 80 .60 40 20 0 20 40 60




image158.png
CDF

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR

0.9 XXXXU: SNR
— — DDDSU: Legacy INR

0.8 | |= — XXXXU: Legacy INR
- XXXXU: CLIN
| XXXXU: All INR

0.7

06

05

0.4

03

0.2

0.1

[

<100 80 .60 40 20 0 20 40 60




image159.png
CDF

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR

0.9 DXXXU: SNR
— — DDDSU: Legacy INR

0.8 | |= — DXXXU: Legacy INR
-~ DXXXU: CLIN
| DXXXU: All INR

0.7

06

05

0.4

03

0.2

0.1

[

<100 80 .60 40 20 0 20 40 60




image160.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXX: SNR
— — DDDSU: Legacy INR
— — XXXXX: Legacy INR
- XXXXX: CLUN

| XXXXX: All INR

-80

60 40 20 0 20 40 60 80




image161.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
- XXXXU: CLIN

| XXXXU: All INR

-60 -40 20 0

40

60

80




image162.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR
— — DDDSU: Legacy INR
— — DXXXU: Legacy INR
-~ DXXXU: CLIN

| DXXXU: All INR

-80

60 40 20 0 20 40 60 80




image10.png
CDF

UL PUSCH Interference-Noise Analy:

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DDDSU: SNR
DXXXU: SNR

- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLi(leakage)/N
- - - DXXXU: CLi(selectivity)/N
DXXXU: SUN

DXXXU: All INR
v

’
v
'
'
)
‘
v
1
'
4
'
of

L
30 20 10 0
dB

30

40




image163.png
CDF

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
0.9 XXXXX: SNR
— — DDDSU: Legacy INR
0.8 | |= = XXXXX: Legacy INR
- XXXXX: CLUN
| XXXXX: All INR
0.7
06
05
0.4
03
0.2
0.1
0
-60 -40 -20 0 20 40 60 80

dB




image164.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
XXXXU: SNR
— — DDDSU: Legacy INR
— — XXXXU: Legacy INR
- XXXXU: CLIN

| XXXXU: All INR

-40 -20 0 20

dB

40

60

80




image165.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—— DDDSU: SNR
DXXXU: SNR
— — DDDSU: Legacy INR
— — DXXXU: Legacy INR
-~ DXXXU: CLIN

| DXXXU: All INR

-60 -40 -20 0 20 40 60 80

dB




image166.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

400 600 800 1000
UPT (Mbps)




image167.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

200

400 600 800 1000
UPT (Mbps)




image168.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

100

200

300 400 500 600 700
UPT (Mbps)

800




image169.png
800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00

Average-UPT (Mbps)

= Mean UPT
m— 95% UPT
= 50% UPT
5% UPT
—&—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
436.66
760.94
45591
0.00
0%
0%
0%
0%

mmm Mean UPT

DL Average-UPT: Urban Macro with low UL RU and DL RU

MMSE-IRC
XXXXX

402.27

72727

421.05
0.00
-8%
-4%
-8%
0%

w/o CLI

437.40

751.52

451.46
0.00
0%
-1%
-1%
0%

mm 05% UPT i 50% UPT

MMSE-IRC w/o CLI
XXXXU

298.90 33840
588.37 605.13
285.71 343.08
0.00 0.00
-32% -23%
-23% -20%
-37% -25%
0% 0%

mmm 5% UPT ~ —@—DMean Gain ~ —@=—95% Gain

MMSE-IRC

341.68
61538
368.02
0.00
-22%
-19%
-19%
0%

—o—50% Gain

DXXXU

——5% Gain

w/o CLI

387.50

619.05

403.88
61.75
-11%
-19%
-11%

0%

100%
80%
60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

Average-UPT Gain




image170.png
700.00
600.00
500.00
400.00
300.00
200.00

Average-UPT (Mbps)

100.00
0.00

mmm Mean UPT
= 05% UPT
— 50% UPT
5% UPT
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
332,61
621.97
305.54
98.10
0%

0%

0%

0%

mmm Mean UPT

DL Average-UPT: Urban Macro with medium UL RU and DL RU

MMSE-IRC w/o CLI
XXXXX

237.59 323.93

553.44 609.52

218.41 302.50

0.00 104.27
-29% -3%
-11% -2%
-29% -1%
-100% 6%
mm— 05% UPT s 50% UPT

MMSE-IRC

186.01
405.91
174.05
0.00
-44%
-35%
-43%
-100%

w/o CLI
XXXXU

239.03
448.48
22828
72.47
-28%
-28%
-25%
-26%

MMSE-IRC

211.26

447.19

186.99
11.44
-36%
-28%
-39%
-88%

wm 5% UPT ~ —@—DMean Gain ~ —8=—95% Gain —#—50% Gain

DXXXU

—8—5% Gain

257.61

456.60

23840
74.74
-23%
-27%
-22%
-24%

100%
80%
60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

Average-UPT Gain




image171.png
600.00

500.00

400.00

300.00

200.00

Average-UPT (Mbps)

100.00

0.00

= Mean UPT
m— 05% UPT
= 50% UPT
5% UPT
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
262.69
516.76
25132
70.18

0%

0%

0%

0%

mmm Mean UPT

DL Average-UPT: Urban Macro with high UL RU and DL RU

MMSE-IRC w/o CLI
XXXXX

175.48 249.00
451.46 491.15

156.11 230.05
0.00 69.34
-33% -5%
-13% -5%
-38% -8%
-100% -1%
mm— 05% UPT s 50% UPT

MMSE-IRC

126.64

33824
99.15
0.00
-52%
-35%
-61%
-100%

w/o CLI
XXXXU

174.84
354.10
160.24
37.76
-33%
-31%
-36%
-46%

MMSE-IRC

131.56

33843

100.82
4.86
-50%
-35%
-60%
-93%

wm 5% UPT ~ —@—DMean Gain =~ —€=—95% Gain  —@—50% Gain

w/o CLI

DXXXU

——5% Gain

189.57
396.42
168.10
42.00
-28%
-23%
-33%
-40%

100%
80%
60%
40%
20%
0%
-20%
-40%
-60%
-80%
-100%

Average-UPT Gain




image172.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

20 40 60 80
Latency (ms)

100




image11.png
w
a
o

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
40

UL PUSCH UPT CDF

XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

60 80 100 120 140 160 180 200
UPT (Mbps)




image173.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

50

100 150
Latency (ms)

200




image174.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

50 100 150 200 250
Latency (ms)

300




image175.png
DL Packet-Latency: Urban Macro with low UL RU and DL RU

Packet-Latency (ms)

40.00 250%
35.00 200%
30.00
25.00 150%
20.00 100%
15.00 50%
10.00
5.00 0%
0.00 -50%
MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC w/o CLI
DDDSU XXXXX XXXXU DXXXU
mmmm Mean Latency 11.72 36.56 11.46 25.81 15.16 14.65 13.05
m— 95% Latency 27.00 34.50 25.50 38.00 33.00 36.00 30.00
m— 50% Latency 8.50 9.00 8.50 12.50 11.00 10.50 9.50
5% Latency 5.00 5.50 5.00 6.50 6.50 6.00 6.00
—e—Mean Gain 0% 212% -2% 120% 29% 25% 11%
—8—95% Gain 0% 28% -6% 41% 22% 33% 11%
—8—50% Gain 0% 6% 0% 47% 29% 24% 12%
—8—5% Gain 0% 10% 0% 30% 30% 20% 20%

mmm Mean Latency ~— mmmm 5% Latency — mmmmi50% Latency — mmmm 5% Latency —@—Mean Gain —@=95% Gain ——50% Gain —@—5% Gain

Packet-Latency Gain




image176.png
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00

10.00
0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
[ 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
18.27
43.00
13.00
6.00
0%

0%

0%
0%

mm Mean Latency

DL Packet-Latency: Urban Macro with medium UL RU and DL RU

MMSE-IRC

37.07
66.50
16.00
6.50
103%
55%
23%
8%

I 95% Latency

w/o CLI

XXXXX

18.02
44.00
13.50

6.00

-1%

2%

4%

0%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
3421 23.80
80.50 57.00
21.50 17.50
9.00 8.00
87% 30%
87% 33%
65% 35%
50% 33%
5% Latency ~ —@—Mean Gain ~ —#=95% Gain

MMSE-IRC w/o CLI
DXXXU

31.42 22.61
88.00 54.00
20.50 17.00
8.00 7.50
2% 24%
105% 26%
58% 31%
33% 25%

—8—50% Gain ~ —@—5% Gain

120%
100%
80%
60%
40%
20%
0%
-20%

Packet-Latency Gain




image177.png
300.00

250.00

200.00

150.00

100.00

Packet-Latency (ms)

50.00

mm Mean Latency
= 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
2591
69.50
16.50
7.00
0%

0%

0%

0%

mmmm Mean Latency

DL Packet-Latency: Urban Macro with high UL RU and DL RU

MMSE-IRC

42.96
121.00
20.50
7.50
66%
T4%
24%
7%

m 95% Latency

w/o CLI
XXXXX

27.30

70.50
18.50
7.50
5%
1%
12%
7%

= 50% Latency

MMSE-IRC
XXXXU
58.25
163.00
29.00
9.50
125%
135%
76%
36%

w59 Latency ~ —@=—Mean Gain

w/o CLI

45.76

124.50

26.50
9.50
T71%
79%
61%
36%

—8—95% Gain

MMSE-IRC

77.77
275.00
36.00
10.00
200%
296%
118%
43%

w/o CLI
DXXXU

38.86
106.50
25.00
9.00
50%
53%
2%
29%

—8—50% Gain ~ —@—5% Gain

350%
300%
250%
200%
150%
100%
50%
0%

Packet-Latency Gain




image178.png
CDF

0.9

08

0.7

0.6

0.5

04

03

0.2

0.1

gNB Blocking Analysis

—— Low RU: Received power

— — LowRU: CLI

——— Medium RU: Received power
— — Medium R
~——— High RU: Received power
— — High RU: CLI

0
-100 -90 -80





image179.png
CDF

gNB-to-gNB coupling loss

UMA,64TR, ideal Ant
DeUMA,64TRidealAnt|
UMA,64TR realAnt

DeUMA,64TR, realAnt.

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

0
2170 -160 -150 -140 -130 -120 -110 -100 -9  -80

dB




image180.png
CDF

gNB-to-gNB CLI INR

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

UMA,64TR, ideal Ant
DeUMA,64TRidealAnt|
UMA,64TR realAnt

DeUMA,64TR realAnt.

-70

60 50 40 30 20 -10
dB

30




image181.png
Throughput

hout Mu

Throughput g resource

[—s—legacy T0D
4IntBS/INRSAB & AIntfUE/INROAB

4IntfBS/INR10dB & AIntfUE/INROAB
4IntBS/INR15dB & AIntfUE/INROAB
4IntfBS/INR20AB & AIntfUE/INROAB
4IntBS/INRSAB & AIntfUE/INRSAB

|-+~ AIntBS/INR10dB & IntfUE/INRSdB|
=+~ 4IntBS/INR15dB & AIntfUE/INRSdB|
|-+~ 4IntBS/INR20dB & IntfUE/INRSdB|

25

-15 -14.5 14 135 13 125 12
SNR(dB)




image182.png
Throughput

Throughput with Mu:

g resource

—=— legacy TOD
¢ AINtBS/INRSAB & AIntfUE/INROB
' 4InYBS/INR10dB & 4IntfUE/INROB
<1+ 4INtBS/INR15AB & 4IntfUE/INROB
£ 4IntBS/INR20AB & AIntfUE/INROAB

4 =5~ 4IntfBS/INRSAB & AIntfUE/INRSGB

| 4INBS/INR10dB & AIntfUE/INRSAB

—<i-~ AINBS/INR15dB & AIntfUE/INRSAB

|~ 4IntBS/INR20UB & AIntfUE/INRSdB

45

35

w

~
&

~

15

0.5

-15 -14.5 14

135
SNR(dB)

13

125

12




image12.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH UPT CDF

XXXXU + w/o CLI
DXXXU + MMSE-IRC
DXXXU + w/o CLI

50 100 150 200
UPT (Mbps)




image183.png
Throughput

0.9

0.8

0.7

°
B

°
&

°
=

03

0.2

0.1

—&— legacy TDD

4IntfBS/INRSAB & AIntfUE/INROAB
4IntfBS/INR10dB & 4IntfUE/INROAB
4IntfBS/INR15dB & 4IntfUE/INROAB
4IntfBS/INR20B & 4IntfUE/INROAB

SNR(dB)

10




image184.png
Throughput

Throughput with Muti

ng resource
B - A Al
;'/ e, »
e
s
09 13
0.8
0.7
£
i
0.6 {
i
H
05 ’,"
-3
0.4
—6— legacy TDD
03 - 4IntfBS/INRSAB & 4IntfUE/INROAB
5 4IntfBS/INR10dB & 4IntfUE/INROAB
g 4IntfBS/INR15dB & 4IntfUE/INROAB
02 o+ 4INFBS/INR20dB & 4IntfUE/INROJB
==3== 4IntfBS/INRSAB & 4IntfUE/INRSAB
-~ 4IntfBS/INR10dB & 4IntfUE/INRSAB
=== 4IntfBS/INR15dB & 4IntfUE/INRSB
0.1 == £-= 4IntfBS/INR20dB & 4IntfUE/INRSB
0
-25 -15 -10 -5

SNR(dB)




image185.png
300%

250%

200%

150%

100%

50%

0%

UL UPT of Indoor office TRP with Medium RU:
without joint reception

274%

177% 172%

100% 100% I 107% I
DDDSU DTDD DTDD

MMSE-IRC MMSE-IRC E-MMSE-IRC

W Mean UPT 5% UPT




image186.png
500%
450%
400%
350%
300%
250%
200%
150%
100%
50%
0%

UL UPT of Indoor office TRP with Medium RU:
with joint reception

468%
399%
266% 264%
100% 100% I I
DDDSU DTDD DTDD
MMSE-IRC MMSE-IRC E-MMSE-IRC

B Mean UPT ®5%UPT




image187.png
300%

250%

200%

150%

100%

50%

0%

UL UPT of Indoor office TRP with High RU:
without joint reception

279%
183%
122%
100% 100% 114% I
DDDSU DTDD DTDD
MMSE-IRC MMSE-IRC E-MMSE-IRC

B Mean UPT m5%UPT




image188.png
350%
300%
250%
200%
150%
100%
50%
0%

UL UPT of Indoor office TRP with High RU: with
joint reception

300%
231%
192%
162%
100% 100% I I
DDDSU DTDD DTDD
MMSE-IRC MMSE-IRC E-MMSE-IRC

B Mean UPT ®5% UPT




image189.png
CDF

Medium RU:UL PUSCH Interference-Noise Analysis:

0.9

0.8

0.7

0.6

0.5

0.4

without joint reception

—— DDDSU:SNR
—— DTDD:SNR

—— DDDSU:legacy INR
—— DTDD:legacy INR

—— DTDD:CLI/N

——— DTDD:legacy INR+CLIN

0 10 20 30 a0
dB

50





image190.png
CDF

Medium RU:UL PUSCH Interference-Noise Analysis:
with joint recep

0.9 {{—— DDDSU:SNR
—— DTDD:SNR
0.8 {|——— DDDSU:legacy INR
—— DTDD:legacy INR
0.7 {|{=——— DTDD:CLI/N
—— DTDD:legacy INR+CLIN
06
05
0.4
03
02
0.1
0
20 -10 0 10 20 30 40

dB





image191.png
CDF

High RU:UL PUSCH Interference-Noise Analysis:
without joint reception

—— DDDSU:SNR

50





image192.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

High RU:UL PUSCH Interference-Noise Analysis:
ith joint reception

—— DDDSU:SNR
—— DTDD:SNR

—— DDDSU:legacy IN
—— DTDD:legacy INR
—— DTDD:CLI/N

—— DTDD:legacy INR+CLIN

-20 -10 0

10

dB

20

30

a0

50





image13.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH UPT CDF

/|——pppsu
|—— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

50 100 150
UPT (Mbps)

200




image193.png
180%
160%
140%
120%
100%
80%
60%
40%
20%
0%

DL UPT of Macro cell with Medium RU

149% 153%
100% 100% 99% I 101%
DDDSU DTDD DTDD
MMSE-RC E-MMSE-IRC

B Mean UPT ®5% UPT




image194.png
180%
160%
140%
120%
100%
80%
60%
40%
20%
0%

DL UPT of Macro cell with High RU

153%

140%

100% 100% 97% I 99% I
DDDSU DTDD DTDD

MMSE-IRC E-MMSE-IRC

B Mean UPT B 5% UPT




image195.png
CDF

Medium RU:DL PDSCH Interference-Noise Analy:

0.9

0.8

0.7

0.6

—— DDDSU:SNR
—— DTDD:SNR

—— DDDSU:legacy INR
—— DTDD:legacy INR

—— DTDD:CLIN

—— DTDD:legacy INR+CLIN

0.5

0.4

03

0.2

0.1

-100

80 -60

-40

20
dB

20

a0

60




image196.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

High RU:DL PDSCH Interference-Noise Analysis

—— DDDSU:SNR

—— DTDD:SNR

legacy INR

-100 80 -60  -40  -20

dB

20

a0

60




image14.png
200.00
180.00
z 160.00
§ 140.00
= 120.00
& 100.00
3 80.00
5 60.00
< 40.00
20.00
0.00
= Mean UPT
= 95% UPT
— 50% UPT
5% UPT
—e—Mean Gain
—e—95% Gain
—e—50% Gain
—o— 5% Gain

MMSE-IRC
DDDSU
81.79
101.31
83.14
58.92
0%
0%
0%
0%

mmm Mean UPT

UL Average-UPT: Indoor Office with low UL RU and DL RU

MMSE-IRC
XXXXX
94.42
117.98
95.34
69.83
15%
16%
15%
19%

w/o CLI

95.82
123.39
95.76
67.96
17%
22%
15%
15%

m— 05% UPT s 50% UPT

MMSE-IRC

146.77
169.91
150.07
110.25
79%
68%
80%
87%

w/o CLI

148.25
175.44
151.26
112.77
81%
3%
82%
91%

MMSE-IRC

136.71
160.86
141.59
99.56
67%
59%
70%
69%

wm 5% UPT ~ —@—DMean Gain ~ —€—95% Gain —@—50% Gain

DXXXU

——5% Gain

w/o CLI

138.87
163.85
142.96
95.85
70%
62%
2%
63%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Average-UPT Gain




image15.png
UL Average-UPT: Indoor Office with medium UL RU and DL RU

Average-UPT (Mbps)

180.00 200%
160.00 180%
140.00 160%
120.00 140%
100.00 120%
2000 100%
80%
60.00 50%
40.00 10%
20.00 20%
0.00 0%
MMSE-IRC MMSE-IRC wlo CLI MMSE-IRC wlo CLI MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU
— \Mean UPT 56.68 68.36 67.05 12822 131.66 11536 11438
= 05% UPT 74.14 9147 88.03 154.81 157.69 148.12 14243
= 50% UPT 58.01 68.53 67.09 132.96 133.08 11541 11331
- 5% UPT 3573 4529 45.80 87.85 92.94 8114 76.34
—e—Mean Gain 0% 21% 18% 126% 132% 104% 102%
—8—95% Gain 0% 23% 19% 109% 113% 100% 2%
—8—50% Gain 0% 18% 16% 129% 129% 99% 95%
—o—5% Gain 0% 27% 28% 146% 160% 127% 114%

mmm Mean UPT — mmmm 95% UPT ~ mmm 50% UPT ~ mmmmi 5% UPT —@—Mean Gain —€=—95% Gain ——50% Gain —8—35% Gain

Average-UPT Gain




image16.png
UL Average-UPT: Indoor Office with high UL RU and DL RU

Average-UPT (Mbps)

160.00 300%
140.00 250%
120.00 -2
o
100.00 200% E
80.00 150% %
60.00 100% %ﬂ
40.00 z
20.00 0%
0.00 0%
MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC
DDDSU XXXXX XXXXU DXXXU
= Mean UPT 36.87 49.56 50.90 116.79 115.44 98.82 100.34
= 05% UPT 55.30 69.21 7223 147.54 147.10 129.76 129.49
w— 50% UPT 36.17 49.22 51.23 119.60 116.35 101.02 99.18
= 5% UPT 20.61 30.41 3175 77.38 78.19 62.86 68.27
—e—Mean Gain 0% 34% 38% 217% 213% 168% 172%
——95% Gain 0% 25% 31% 167% 166% 135% 134%
——50% Gain 0% 36% 2% 231% 222% 179% 174%
—e—5% Gain 0% 48% 54% 276% 279% 205% 231%

mmm Mean UPT W 950 UPT Wi 50% UPT Wi 5% UPT ~ —@—Mean Gain —€=—95% Gain —#—50% Gain —8—5% Gain




image17.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI

| XXXXU + MMSE-IRC

XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC

DXXXU + w/o CLI

10

20 30 40
Latency (ms)

50




image18.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI
| XXXXU + MMSE-IRC
XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC

DXXXU + w/o CLI

20

a0 60 80
Latency (ms)

100




image19.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI
| XXXXU + MMSE-IRC
XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

50

100 150
Latency (ms)

200




image20.png
UL Packet-Latency: Indoor Office with low UL RU and DL RU

Packet-Latency (ms)

25.00 0%
20.00 -10%
20%
15.00
30%
10.00
-40%
0.00 -60%
MMSE-IRC MMSE-IRC wio CLI MMSE-IRC wio CLI MMSE-IRC wio CLI
DDDSU XXXXX XXXXU DXXXU
= \lean Latency 1327 11.93 12.85 826 8.05 8.67 7.04
- 05 Latency 21.00 19.50 20.00 11.00 10.50 12.00 12.00
—50% Latency 12.50 10.50 10.50 7.00 7.00 7.50 7.00
5% Latency 8.00 7.00 7.00 5.00 5.00 5.00 5.00
—e—Mean Gain 0% -10% 3% 38% -39% 35% -40%
—e—95% Gain 0% 7% 5% -48% 50% -43% -43%
—e—50% Gain 0% -16% -16% -44% -44% -40% -44%
—e— 5% Gain 0% 13% 13% 38% 38% -38% -38%

mmmm Mean Latency — wmmm 95% Latency — wwwmi 50% Latency — wemm 5% Latency —®—Mean Gain —#=—95% Gain —#—50% Gain —8—35% Gain

Packet-Latency Gain




image21.png
UL Packet-Latency: Indoor Office with medium UL RU and DL RU

Packet-Latency (ms)

40,00 0%
35.00 -10%
30.00 0%
25.00
30%
20.00
-40%
15.00
10.00 -50%
500 -60%
0.00 70%
MMSE-IRC MMSE-IRC wlo CLI MMSE-IRC wlo CLI MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU
s Mean Latency 2087 1955 18.75 0.88 8.88 1035 1113
= 05% Latency 37.50 37.00 36.50 14.00 1350 16.00 1650
s 50% Latency 18.00 15.00 15.00 8.00 7.50 9.00 9.00
595 Latency 11.00 8.50 9.00 5.00 5.00 5.50 5.50
—e—Mean Gain 0% 6% -10% 53% 57% -50% 47%
—e—95% Gain 0% 1% 3% -63% -64% 57% -56%
—e—50% Gain 0% 17% 17% -56% 5% -50% -50%
—e—5% Gain 0% 23% -18% 5% -55% -50% -50%

mmm Mean Latency ~— mmmm 959 Latency — wwwm 50% Latency — wmmm 5% Latency —@—Mean Gain —=—95% Gain ——50% Gain —@=—5% Gain

Packet-Latency Gain




image22.png
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
36.72
84.50
28.50
14.50
0%

0%
0%
0%

mmm Mean Latency

UL Packet-Latency: Indoor Office with high UL RU and DL RU

MMSE-IRC

28.58
61.50
21.00
11.00
-22%
-27%
-26%
-24%

m 95% Latency

w/o CLI
XXXXX

27.38
58.00
20.50
10.50
-25%
-31%
-28%
-28%

= 50% Latency

MMSE-IRC

10.88
16.50
8.50
5.50
-70%
-80%
-70%
-62%

5% Latency

XXXXU

—8—Mean Gain

w/o CLI

10.68
17.00
8.50
5.50
-71%
-80%
-70%
-62%

—8—95% Gain

MMSE-IRC w/o CLI
DXXXU

1221 12.14
21.00 20.50
10.50 10.00
6.50 6.50
-67% -67%
-75% -76%
-63% -65%
-55% -55%

—8—50% Gain ~ —@=5% Gain

0%

-10%
-20%
-30%
-40%
-50%
-60%
-70%
-80%
-90%

Packet-Latency Gain




image23.png
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

DL Type-2 RU: Indoor Office

69.8% 68.9%

MMSE-IRC MMSE-IRC MMSE-IRC

DDDSU XXXXX XXXXU
WLOwRU (<10%)  WMedium RU (20%-40%) ~ ®High RU (>50%)

MMSE-IRC





image24.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

7

- SNR
XXXXX: SNR
- - - DDDSU: Legacy INR
- - - XXXXX: Legacy INR
XOOXX: CLUN
XXXXX: All INR

20
dB

30

a0

50

60




image25.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

—

DDDSU: SNR
XXXXU: SNR

- - - DDDSU: Legacy INR
- - - XXXXU: Legacy INR
XOOXU: CLIN
XXXXU: All INR

10 20 30

50

60




image26.png
CDF

DL PDSCH Interference-Noise Analy:

—

0.9

0.8

DDDSU:

DXXXU: SNR

- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLIN

DXXXU: All INR

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-40

20 0





image27.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

-

DDDSU: SNR

XXXXX: SNR

- - - DDDSU: Legacy INR

- - - XXXXX: Legacy INR
XOOXX: CLUN

XXXXX: All INR

dB

30

a0

50

60




image28.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

wa

DDDSU:
XXXXU: SNR

- - - DDDSU: Legacy INR
- - - XXXXU: Legacy INR
XOOXU: CLIN
XXXXU: All INR





image29.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

v

DDDSU:
DXXXU: SNR
- - - DDDSU: Legacy INR
- - - DXXXU: Legacy INR
DXXXU: CLIN
DXXXU: All INR

0 10 20





image30.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analysis

—

- - - DDDSU: Legacy INR
- - - XXXXX: Legacy INR

X000 CLUN
XXXXX: All INR

10

20

30
dB

a0

50

60




image31.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

—-

- - - DDDSU: Legacy INR
- - - XXXXU: Legacy INR
XOOKXU: CLIN

XXXXU: All INR

0 10 20





image32.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

—

- - - DDDSU: Legacy INR
- - - DXXXU: Legacy INR
DXXXU: CLIN

DXXXU: All INR





image33.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL

PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

200 400 600 800 1000

UPT (Mbps)




image34.png
CDF

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC
~ DXXXU + w/o CLI

0 100 200 300 400 500 600 700 800
UPT (Mbps)




image35.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

—— DDDSU
——— XXXXX + MMSE-IRC

| ——— DXXXU + MMSE-IRC

~ DXXXU + w/o CLI

0 100

200 300 400 500 600
UPT (Mbps)

700




image36.png
800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00

Average-UPT (Mbps)

= Mean UPT
m— 95% UPT
— 50% UPT
5% UPT
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
396.12
577.34
377.22
230.77
0%

0%
0%
0%

mmm Mean UPT

DL Average-UPT: Indoor Office with low UL RU and DL RU

MMSE-IRC
XXXXX
407.76
673.16
397.54
246.24
3%
17%
5%
7%

mm— 05% UPT  mwmm 50% UPT

w/o CLI MMSE-IRC w/o CLI
XXXXU

415.43 303.28 290.94
597.53 456.34 440.16
396.72 287.10 27847
253.13 160.64 147.16
5% -23% -27%
3% -21% -24%
5% -24% -26%
10% -30% -36%

MMSE-IRC

312.85
529.56
301.15
154.69
-21%
-8%
-20%
-33%

wm 5% UPT ~ —@—DMean Gain =~ —€=—95% Gain  —@—50% Gain

DXXXU

——5% Gain

w/o CLI

314.24
528.92
304.25
171.68
-21%
-8%
-19%
-26%

50%
40%
30%
20%
10%
0%
-10%
-20%
-30%
-40%
-50%

Average-UPT Gain




image37.png
500.00
450.00
2 400.00
§ 350.00
= 300.00
& 250.00
3 200.00
5 150.00
< 100.00
50.00
0.00
= Mean UPT
= 95% UPT
— 50% UPT
= 5% UPT
—e—Mean Gain
—e—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
232.79
424.03
207.54
104.83
0%
0%
0%
0%

mmm Mean UPT

DL Average-UPT: Indoor Office with medium UL RU and DL RU

MMSE-IRC
XXXXX
24238
435.61
22598
129.23
4%
3%
9%
23%

mm 05% UPT i 50% UPT

w/o CLI MMSE-IRC w/o CLI
XXXXU

247.54 168.50 163.42
425.38 311.04 294.15
223.59 148.21 148.83
124.17 83.62 82.27
6% -28% -30%
0% -27% -31%
8% -29% -28%
18% -20% -22%

MMSE-IRC

186.22

326.98
169.82
97.15
-20%
-23%
-18%

-7%

mmm 5% UPT ~ —@—DMean Gain =~ —€—95% Gain —@—50% Gain

DXXXU

——5% Gain

w/o CLI

184.34

346.34
162.39
89.69
-21%
-18%
-22%
-14%

40%
30%
20%
10%
0%
-10%
-20%
-30%
-40%

Average-UPT Gain




image38.png
DL Average-UPT: Indoor Office with high UL RU and DL RU

Average-UPT (Mbps)

400.00 20%
350.00 10%
300.00 0% E
250.00 -10% E
200.00 -20% %
150.00 -30% %“
100.00 -40% %
50.00 -50%
0.00 -60%
MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC w/o CLI
DDDSU XXXXX XXXXU DXXXU
s \Mean UPT 166.64 166.98 169.08 107.59 108.29 119.56 119.86
= 05% UPT 33491 359.99 334.64 244.19 258.77 261.06 260.46
— 50% UPT 14239 146.59 149.82 88.20 90.20 104.06 104.02
= 50, UPT 62.06 63.61 65.60 28.22 3336 43.79 39.12
—e—Mean Gain 0% 0% 1% -35% -35% -28% -28%
—8—95% Gain 0% 7% 0% 27% 23% 22% 22%
—e—50% Gain 0% 3% 5% -38% -37% 27% 27%
—e—5% Gain 0% 2% 6% -55% -46% -29% -37%

e Mean UPT e 959 UPT Wi 50% UPT e 5% UPT ~—@—DMean Gain —#=—95% Gain —8—50% Gain ~—#—5% Gain




image39.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI
| XXXXU + MMSE-IRC
XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC

DXXXU + w/o CLI

20

a0 60 80
Latency (ms)

100




image40.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI

| XXXXU + MMSE-IRC

XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC

DXXXU + w/o CLI

50

100

150 200 250
Latency (ms)

300




image41.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC
YOO + wfo CLI
| XXXXU + MMSE-IRC
XO(XU + w/o CLI
|——— DXXXU + MMSE-IRC

DXXXU + w/o CLI

100

200 300 400
Latency (ms)

500




image42.png
60.00

50.00

40.00

30.00

20.00

Packet-Latency (ms)

10.00

mm Mean Latency
= 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
18.87
31.50
10.00
6.00
0%
0%
0%
0%

mmmm Mean Latency

DL Packet-Latency: Indoor Office with low UL RU and DL RU

MMSE-IRC

12.81
30.00
10.00
5.50
-32%
-5%
0%
-8%

m 95% Latency

w/o CLI
XXXXX

12.53
28.50
9.50
5.50
-34%
-10%
-3%
-8%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
19.15 22.12
41.50 48.50
14.00 14.50
7.50 7.50
1% 17%
32% 54%
40% 45%
25% 25%
mm 5% Latency ~ —@—Mean Gain =~ —8=95% Gain

MMSE-IRC w/o CLI
DXXXU

17.11 16.69
40.00 37.50
13.50 13.50
6.50 7.00
-9% -12%
27% 19%
35% 35%
8% 17%
—8—50% Gain ~ —@—5% Gain

60%
50%
40%
30%
20%
10%
0%
-10%
-20%
-30%
-40%

Packet-Latency Gain




image43.png
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00

10.00
0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency

5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

DL Packet-Latency: Indoor Office with medium UL RU and DL RU

MMSE-IRC
DDDSU
27.78
74.50
19.00
7.00
0%
0%
0%
0%

mmmm Mean Latency

MMSE-IRC

24.88
61.50
18.50
7.50
-10%
-17%
-3%
7%

m 95% Latency

w/o CLI
XXXXX
26.15
61.50
18.00
7.00
-6%
-17%
-3%
0%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
37.55 39.35
93.00 93.50
27.00 28.50
9.50 10.50
35% 42%
25% 26%
42% 50%
36% 50%
mm 5% Latency ~ —@—Mean Gain ~ —@=95% Gain

MMSE-IRC w/o CLI
DXXXU
3227 3229
82.50 79.50
24.50 25.00
9.50 9.50
16% 16%
11% 7%
29% 32%
36% 36%
—8—50% Gain ~ —@—5% Gain

60%
50%
40%
30%
20%
10%
0%
-10%
-20%
-30%

Packet-Latency Gain




image44.png
250.00

> 200.00
g

[y 150.00
5
g

= 100.00
5
E

& 50.00

0.00

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
45.59
114.50
28.50
9.00
0%
0%
0%
0%

mmm Mean Latency

DL Packet-Latency: Indoor Office with high UL RU and DL RU

MMSE-IRC

44.01
109.00
28.50
9.00
-3%
-5%
0%
0%

m 95% Latency

w/o CLI

XXXXX

41.15
108.50
28.50
9.50
-10%
-5%
0%
6%

= 50% Latency

MMSE-IRC

83.01

193.50
47.00
13.50
82%
69%
65%
50%

I 5% Latency

XXXXU

—8—Mean Gain

w/o CLI

69.87

196.50

47.50
12.50
53%
2%
67%
39%

—8—95% Gain

MMSE-IRC w/o CLI
DXXXU

58.10 58.80
159.00 165.00
41.00 41.50
12.50 12.50
27% 29%
39% 44%
44% 46%
39% 39%
—8—50% Gain ~ —@=5% Gain

100%

80%

60%

40%

20%

0%

-20%

Packet-Latency Gain




image45.png
RU

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

UL Type-2 RU: Indoor Office

62.5% 62.3%

MMSE-IRC
DDDSU

MMSE-IRC MMSE-IRC MMSE-IRC

XXXXX XXXXU

WLOwRU (<10%)  WMedium RU (20%-40%)  ®High RU (>50%)





image46.png
CDF

UL PUSCH Interference-Noise Analysis

T 7T
: SNR
0.9 XXXXX: SNR
- - - DDDSU: Legacy INR
0.8 | |- = = XXXXX: Legacy INR
XXXXX: CLi(leakage)/N
0.7 L[~ = = X000 CLi(selectivity)n
XXXXX: SUN
XXXXX: All INR
06 =
'
05 &
'
0.4 .
'
03 |
i
02}
'
]

30 20 10 0
dB

30

40




image47.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

UL PUSCH Interference-Noise Analysis

DDDSU:
XXXXU: SNR

- - - DDDSU: Legacy INR

- - - XXXXU: Legacy INR
XXXXU: CLi(leakage)/N
-~~~ XXXXU: CLi(selectivity)/N
XXXXU: SN
XXXXU: All INR

20 0 20
dB

40




image48.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

UL PUSCH Interference-Noise Analysis

—

DDDSU: SNR
DXXXU: SNR
- - - DDDSU: Legacy INR
- - - DXXXU: Legacy INR
DXXXU: CLI(leakage)/N
- - - DXXXU: CLI(selectivity)/N
DXXXU: SUN
DXXXU: All INR

T

'
’

-40 20
dB

20

40




image49.png
CDF

UL PUSCH Interference-Noise Analy:

0.9

0.8

0.7

Legacy INR
Legacy INR
CLi(leakage)/N
CLi(selectivity)/N
SUN

0.6

0.5

0.4

03

20 10 0
dB

10

20

30

40




image50.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analy:

> T T

DDDSU: SNR
XXXXU: SNR

- - - DDDSU: Legacy INR

- - - XXXXU: Legacy INR
XXXXU: CLi(leakage)/N
-~~~ XXXXU: CLi(selectivity)/N
XXXXU: SN

XXXXU: All INR

30 20 10 0 10 20

30

40




image51.png
CDF

UL PUSCH Interference-Noise Analy:

= T
DDDSU: SNR
0.9 DXXXU: SNR
- - - DDDSU: Legacy INR
08 | |- - - DXxxu
DXXXU:
0.7 1|7 = = DXXXU: Cliselectivity)N
DXXXU: SUN
DXXXU: All INR
06
v
'
05 '
1
0.4 !
'
i
03 v
'
02 +
'
'
0.1 1
ol

40 30

dB

10

20

30

40




image52.png
CDF

UL PUSCH Interference-Noise Analy:

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DDDSU: SNR
XXXXX: SNR

- - - DDDSU: Legacy INR

-~ = XXXXX: Legacy INR
XXXXX: CLi(leakage)/N
— ~ = XXXXX: CLi(selectivity)/N
XXXXX: SUN

XXXXX: All INR

'
'
'
i
'
'
:
'
'
i
'
'
‘
'
i
il
'
]
'
'
i
‘

30 20 10 0
dB

10

20

30

40




image53.png
CDF

UL PUSCH Interference-Noise Analy:

7

DDDSU: SNR

0.9 XXXXU: SNR

- - - DDDSU: Legacy INR

0.8 | |- = = XXXXU: Legacy INR
XXXXU: CLi(leakage)/N

0.7 L |7 = = X00XU: CLi(selectivity)/N
XXXXU: SN
XXXXU: All INR

06 T

05

0.4

03

02f '

i

20 -10 0 10 20 30
dB




image54.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analy:

TT

DDDSU: SNR
DXXXU: SNR

- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLi(leakage)/N
- - - DXXXU: CLi(selectivity)/N
DXXXU: SUN

DXXXU: All INR

10

20

30

40




image55.png
CDF

0.9

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

UL PUSCH UPT CDF

XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

14 16 18 2
UPT (Mbps)

2.2

2.4

2.6




image56.png
UL PUSCH UPT CDF

0.9

0.8

0.7

XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

0.6

04

0.3

0.2

0.1

16 18 2 2.2
UPT (Mbps)

2.4

2.6

28




image57.png
CDF

0.9

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

UL PUSCH UPT CDF

XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

14 16 18 2 22 24 26 28
UPT (Mbps)




image58.png
UL Average-UPT: Indoor Office with low UL RU and DL RU

3.00 100%
90%
—- 250 80%
§ 200 0%
et 60%
& 1.50 0%
3 40%
g 1.00 S0
< 0.50 0%
10%
0.00 0%
MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC ‘w/o CLI MMSE-IRC w/o CLI
DDDSU XXXXX XXXXU DXXXU
‘w— Mean UPT 136 238 238 236 236 236 236
59 UPT 143 247 247 245 244 244 245
509 UPT 136 240 239 235 235 236 235
595 UPT 131 225 226 230 229 228 229
—e—Mean Gain 0% T4% 75% 3% 3% 73% 73%
—e—95% Gain % 2% 73% 7% 7% 71% 71%
—e—50%Gain 0% 77% 77% 7% 7% 4% 73%
—8—5% Gain 0% T1% T2% 75% 4% 4% T4%

mmmMean UPT  mmmm05% UPT  memm 50% UPT  mmmm 5% UPT ~ ——Mean Gain  —=95% Gain  —@=—50% Gain  —@=5% Gain

Average-UPT Gain




image59.png
3.00

250

2.00

1.50

1.00

Average-UPT (Mbps)

0.50

0.00

= Mean UPT
- 059 UPT
- 50% UPT
= 5% UPT
—e—Mean Gain
—8—95% Gain
—e—50% Gain
—o—5% Gain

MMSE-IRC
DDDSU
146
150
146
142
0%

0%

0%

0%

—\Mean UPT  mmmm 95% UPT

MMSE-IRC

235
251
234
225
60%
68%
60%
59%

UL Average-UPT: Indoor Office with medium UL RU and DL RU

XXXXX

W/oCLI

235
251
233
225
61%
67%
59%
59%

= 50% UPT

MMSE-IRC

= 5% UPT

249
254
250
240
70%
9%
71%
69%

w/o CLL

249
254
250
241
70%
69%
70%
70%

MMSE-IRC

248
2.53
249
239
69%
69%
70%
68%

—e—Mean Gain =~ —#=95% Gain  —8=50% Gain

DXXXU

—e—5% Gain

wio CLI

248
253
249
237
69%
68%
70%
67%

Average-UPT Gain




image60.png
UL Average-UPT: Indoor Office with high UL RU and DL RU

3.00 100%
90%
2 2350 50%
) 200 0%
= 60%
5] 150 50%
2 40%
§ oo 30%
= 0.50 20%
10%
0.00 %
MMSE-IRC MMSE-IRC wio CLI MMSE-IRC wioCLI MMSE-IRC w/oCLI
DDDSU XXXXX XXXXU DXXXU
= Mean UPT 157 221 221 262 262 258 258
— 5% UPT 1.60 240 238 268 268 267 268
= 50% UPT 157 225 224 263 263 261 2.60
= 5% UPT 153 183 185 249 252 240 233
—e—Mean Gain % 1% 1% 67% 67% 65% 61%
——95% Gain % 50% 49% 68% 68% 67% 68%
—e—50% Gain % 43% 3% 68% 68% 66% 66%
—e—5% Gain % 20% 21% 63% 65% 57% 53%

wm\Mcan UPT ~ wemm05% UPT ~wem50%UPT —memms% UPT —@—Mean Gain —8=95% Gain —#=—50%Gain  —#=5% Gain

Average-UPT Gain




image61.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

+ XXXXU + w/o CLI
——— DXXXU + MMSE-IRC

+ DXXXU + w/o CLI

10

15 20 25
Latency (ms)

30




image62.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

UL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

——— DXXXU + MMSE-IRC
+ DXXXU + w/o CLI

10

15 20 25
Latency (ms)

30




image63.png
0.9

0.8

0.7

0.6

0.4

0.3

UL Packet-Latency CDF

—— DDDSU

——— XXXXX + MMSE-IRC
+ XXXXX + w/o CLI
XXXXU + MMS|
+ XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
+ DXXXU + w/o CLI

5 10 15 20 25 30
Latency (ms)




image64.png
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Packet-Latency (ms)

mm Mean Latency
= 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
——95% Gain
——50% Gain
——5% Gain

UL Packet-Latency: Indoor Office with low UL RU and DL RU

MMSE-IRC
DDDSU
6.27
9.00
6.00
4.00
0%

0%

0%

0%

mmmm Mean Latency

MMSE-IRC

3.61
4.50
3.50
2.50
-42%
-50%
-42%
-38%

m 95% Latency

w/o CLI

XXXXX
3.59
4.50
3.50
2.50
-43%
-50%
-42%
-38%

= 50% Latency

MMSE-IRC w/o CLI
XXXXU
3.69 3.70
6.00 6.00
3.50 3.50
2.50 2.50
-41% -41%
-33% -33%
-42% -42%
-38% -38%

5% Latency

—8—Mean Gain ~ —8=—95% Gain

MMSE-IRC w/o CLI
DXXXU

3.69 3.69
5.50 5.50
3.50 3.50
2.50 2.50
-41% -41%
-39% -39%
-42% -42%
-38% -38%

—8—50% Gain ~ —@—35% Gain

0%

-10%

-20%

-30%

-40%

-50%

-60%

Packet-Latency Gain




image65.png
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
——95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
6.04
9.50
6.00
3.00
0%

0%

0%

0%

mmmm Mean Latency

UL Packet-Latency: Indoor Office with medium UL RU and DL RU

MMSE-IRC

3.76
5.50
3.50
2.00
-38%
-42%
-42%
-33%

m 95% Latency

w/o CLI
XXXXX
3.76
5.50
3.50
2.00
-38%
-42%
-42%
-33%

= 50% Latency

MMSE-I]

3.59
6.00
3.50
2.00
-41%
-37%
-42%
-33%

5% Latency

RC w/o CLI
XXXXU
3.58
6.00
3.50
2.00
-41%
-37%
-42%
-33%

—e—Mean Gain ~ —@=95% Gain

MMSE-IRC w/o CLI
DXXXU

3.60 3.60
6.00 6.00
3.50 3.50
2.00 2.00
-40% -40%
-37% -37%
-42% -42%
-33% -33%

——50% Gain ~—8—35% Gain

0%
-5%
-10%
-15%
-20%
-25%
-30%
-35%
-40%
-45%

Packet-Latency Gain




image66.png
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

UL Packet-Latency: Indoor Office with high UL RU and DL RU

5.73 4.21 4.20
9.50 7.50 7.50
5.50 4.00 4.00
3.00 2.00 2.00
0% -27% -27%
0% -21% -21%
0% -27% -27%
0% -33% -33%

mmm Mean Latency  mmmm95%Latency  memm 50% Latency

5% Latency

—o—Mean Gain ~ =—@=95% Gain

—8—50% Gain

—8— 5% Gain

0%

-10%

-20%

-30%

-40%

-50%

-60%

Packet-Latency Gain




image67.png
RU

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

DL Type-2 RU: Indoor Office

70.6%

70.0%

MMSE-IRC
DDDSU

MMSE-IRC

XXXXX

MMSE-IRC
XXXXU

WLOwRU (<10%)  WMedium RU (20%-40%) ~ ®High RU (>50%)

MMSE-IRC





image68.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

7

DDDSU: SNR

XXXXX: SNR

- - - DDDSU: Legacy INR

- - - XXXXX: Legacy INR
XOOXX: CLUN

XXXXX: All INR

dB

30

a0

50

60




image69.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

>

DDDSU:
XXXXU: SNR

: SNR

- - - DDDSU: Legacy INR
- - - XXXXU: Legacy INR

XXXXU: CLI/N
XXXXU: All INR

20
dB

30

a0

50

60




image70.png
CDF

DL PDSCH Interference-Noise Analy:

=
DDDSU: SNR
0.9 DXXXU: SNR
- - - DDDSU: Legacy INR
0.8 | |- - - DXXXU: Legacy INR
DXXXU: CLIN
07 DXXXU: All INR
06
05
0.4
03
02
01
0
20 10 0 10 20 30 40 50

dB

60




image71.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

Vs

: SNR
XXXXX: SNR

- - - DDDSU: Legacy INR
- - - XXXXX: Legacy INR

XX000G CLUN
XXXXX: All INR

20

dB




image72.png
CDF

DL PDSCH Interference-Noise Analy:

-
DDDSU: SNR
0.9 XXXXU: SNR
- - - DDDSU: Legacy INR
0.8 | |- = = XXXXU: Legacy INR
XOOXU: CLIN
07 XXXXU: All INR
06
05
0.4
03
Y
02
01
4
-10 0 10 20 30 40 50

dB

60




image1.png
2

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

UL Type-2 RU: Indoor Office

55.1%

MMSE-IRC

DDDSU

MMSE-IRC

XXXXX

MMSE-IRC
XXXXU

WLOwRU (<10%)  WMedium RU (20%-40%)  ®High RU (>50%)

MMSE-IRC





image73.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

—

- - - DDDSU: Legacy INR
- - - DXXXU: Legacy INR
DXXXU: CLIN

DXXXU: All INR

dB

30

a0

50

60




image74.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

—

- - - DDDSU: Legacy INR
- - - XXXXX: Legacy INR
XOOXX: CLUN

XXXXX: All INR

10 20

30
dB

a0

50

60




image75.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

=

DDDSU: SNR

XXXXU: SNR

- - - DDDSU: Legacy INR

- - - XXXXU: Legacy INR
XOOXU: CLIN

XXXXU: All INR

0 10 20





image76.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH Interference-Noise Analy:

=

DDDSU: SNR

DXXXU: SNR

- - - DDDSU: Legacy INR

- - - DXXXU: Legacy INR
DXXXU: CLIN

DXXXU: All INR

dB

30

a0

50

60




image77.png
DL PDSCH UPT CDF

0.9

0.8

0.7

0.6
w
o5
o

0.4

—— DDDSU
——— XXXXX + MMSE-IRC

0.3

0.2

0.1 | ——— DXXXU + MMSE-IRC
~ DXXXU + w/o CLI
—r

0
265 27 275 28 285 29 295 30 305

UPT (Mbps)




image78.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

XXXXU + w/o CLI
——— DXXXU + MMSE-IRC
DXXXU + w/o CLI

16 18 20 22 24 26 28 30 32
UPT (Mbps)




image79.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

DL PDSCH UPT CDF

XXXXU + w/o CLI
DXXXU + MMSE-IRC
DXXXU + w/o CLI

5 10 15 20
UPT (Mbps)

30

35




image80.png
DL Average-UPT: Indoor Office with low UL RU and DL RU

30.50 10%
30.00 8%
7 20.50 6%
§ 2900 9%
= 28.50 2%
5] 28.00 %
) 27.50 2%
5 27.00 4%
2 26.50 6%
26.00 8%
25.50 -10%
MMSE-IRC MMSE-IRC wio CLI MMSE-IRC w/oCLI MMSE-IRC wioCLI
DDDSU XXXXX XXXXU DXXXU
= Mean UPT 2778 2094 2094 27.74 7.62 27.62
5% UPT 28.09 30.13 30.11 28.03 27.88 27.88
- 50% UPT 2776 2093 209 27.75 27.60 27.59
= 5% UPT 2749 08 2081 27.35 27.39 27.35
—e—Mean Gain 0% 8% 8% % -1% -1%
—e—95% Gain 0% % % % -1% -1%
——50% Gain 0% 8% 8% % -1% -1%
——5% Gain 0% 8% 8% -1% -1% % -1%

mmm Mean UPT s 5% UPT  memm 50%UPT  mmmm 5% UPT ~ ——Mean Gain ~ ——95% Gain —@—50% Gain —=—5% Gain

Average-UPT Gain




image81.png
35.00
30.00
25.00
20.00
15.00
10.00

5.00

Average-UPT (Mbps)

0.00

s \Mean UPT
= 95% UPT
= 50% UPT
= 5% UPT
—e—Mean Gain
—e—95% Gain
—e—50% Gain
—e—5% Gain

DDDSU
27.43
2787
27.53
2682

%
%
%
%

MMSE-IRC

29.72
2998
2982
29.00
%
%
%
%

DL Average-UPT: Indoor Office with medium UL RU and DL RU

XXXXX

wlo CLT

29.78
30.00
2082
29.42
9%
8%
8%
10%

MMSE-IRC

27.01
21717
27.49
22.89
2%
0%
0%
-15%

XXXXU

mmm Mean UPT  mmmm 95% UPT  mmmm 50% UPT  mmmm 5% UPT ~ —e—Mean Gain

wlo CLT

27.04
21.78
2751
2353
1%
0%
%
-12%

MMSE-IRC

27.28
21.70
2746
2634
1%
1%
0%
2%

—8—05%Gain  —=—50% Gain

DXXXU

—e—5% Gain

w/o CLT

27.15
27.68
27.46
25.14
1%
1%
0%
6%

g
Average-UPT Gain




image82.png
DL Average-UPT: Indoor Office with high UL RU and DL RU

Average-UPT (Mbps)

35.00 20%
30.00 10%
=
25.00 o E
20.00 -10% E
15.00 20% &,
=
10.00 30% ::f
5.00 -40%
0.00 -50%
MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC wlo CLI MMSE-IRC
DDDSU XXXXX XXXXU DXXXU

m Mean UPT 26.33 28.32 28.52 24.23 24.30 25.51 25.34

= 05% UPT 27.65 29.84 29.85 27.57 27.54 27.54 27.59

— 50% UPT 27.38 29.70 29.70 26.81 26.62 27.19 27.21

5% UPT 19.16 19.72 20.78 11.63 1233 15.97 14.57

—e—Mean Gain 0% 8% 8% -8% -8% 3% 4%

—8—95% Gain 0% 8% 8% 0% 0% 0% 0%

—e—50% Gain 0% 8% 8% 2% 3% -1% -1%

—e—5% Gain 0% 3% 8% -39% -36% -17% 24%

e Mean UPT e 959 UPT Wi 50% UPT e 5% UPT ~—@—DMean Gain —#=—95% Gain —8—50% Gain ~—#—5% Gain




image2.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

UL PUSCH Interference-Noise Analy:

r7a

DDDSU: SNR
XXXXX: SNR

- - - DDDSU: Legacy INR

-~ = XXXXX: Legacy INR
XXXXX: CLi(leakage)/N
— ~ = XXXXX: CLi(selectivity)/N
XXXXX: SUN

XXXXX: All INR

.
'
i
'
.
‘
[l
1
'

7

30 20 10 0
dB

10

20

30

40




image83.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

=

—— DDDSU

——— XXXXX + MMSE-IRC
+ XXXXX + w/o CLI

——— DXXXU + MMSE-IRC
+ DXXXU + w/o CLI

4 6
Latency (ms)

8

10




image84.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

PN S

—— DDDSU
——— XXXXX + MMSE-IRC

——— DXXXU + MMSE-IRC
+ DXXXU + w/o CLI

2 4 6 8
Latency (ms)

10




image85.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

DL Packet-Latency CDF

—— DDDSU
——— XXXXX + MMSE-IRC

——— DXXXU + MMSE-IRC
+ DXXXU + w/o CLI

10 15
Latency (ms)

20




image86.png
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Packet-Latency (ms)

mm Mean Latency
= 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—o—5% Gain

DL Packet-Latency: Indoor Office with low UL RU and DL RU

Leullll

MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC
DDDSU XXXXX XXXXU DXXXU

1.38 1.17 1.17 1.38 1.38 1.38 1.38
3.50 2.50 2.50 3.50 3.50 3.50 3.50
1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00

0% -15% -15% 0% 0% 0% 0%

0% -29% -29% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0% 0%
mmmm Mean Latency ~— e 959% Latency — wesm 50% Latency — wemm 5% Latency — —®—Mean Gain ~—8=95% Gain —8—50% Gain = —8—5% Gain

5%
0%
-5%
-10%
-15%
-20%
-25%
-30%
-35%

Packet-Latency Gain




image87.png
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
5% Latency
—e—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

DL Packet-Latency: Indoor Office with medium UL RU and DL RU

Loullll

MMSE-IRC MMSE-IRC w/o CLI MMSE-IRC w/o CLI MMSE-IRC
DDDSU XXXXX XXXXU DXXXU

1.41 1.18 1.18 1.45 1.45 1.41 1.42
3.50 2.50 2.50 3.50 3.50 3.50 3.50
1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00

0% -16% -16% 3% 3% 0% 1%

0% -29% -29% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0% 0%

0% 0% 0% 0% 0% 0% 0%
mmmm Mean Latency — wmmm 05% Latency — wwwmi 50% Latency — mmmm 5% Latency —@—Mean Gain —@=95% Gain ——50% Gain —@—35% Gain

5%
0%
-5%
-10%
-15%
-20%
-25%
-30%
-35%

Packet-Latency Gain




image88.png
Packet-Latency (ms)

mmmm Mean Latency
m 95% Latency
= 50% Latency
I 5% Latency
—8—Mean Gain
—8—95% Gain
—8—50% Gain
—8—5% Gain

MMSE-IRC
DDDSU
1.65
4.00
1.00
1.00
0%

0%

0%

0%

mmm Mean Latency

DL Packet-Latency: Indoor Office with high UL RU and DL RU

MMSE-IRC

1.49
2.50
1.00
1.00
-10%
-38%
0%
0%

m 95% Latency

w/o CLI

XXXXX
1.40
2.50
1.00
1.00
-15%
-38%
0%
0%

= 50% Latency

MMSE-IRC

4.65
5.00
1.00
1.00
182%
25%
0%
0%

mmm 5% Latency ~ —@=—Mean Gain ~ =—@=95% Gain

XXXXU

w/o CLI

3.37
5.00
1.00
1.00
104%
25%
0%
0%

MMSE-IRC

1.98
4.00
1.00
1.00
20%
0%
0%
0%

w/o CLI
DXXXU
1.88
4.00
1.00
1.00
14%
0%
0%
0%

—8—50% Gain ~ —@=5% Gain

200%

150%

100%

50%

0%

-50%

Packet-Latency Gain




image89.png
RU

120.0%

100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

UL Type-2 RU: Dense Urban Macro Layer

97.6%
82.5%
0.
58.8% 58.4% 58.7%
48.1% 50.6%
37.5% o 41.7%
30. s
23.8% 25.0%
17.3% 18.0% 20.4%
7.7%) 5.8%) 5.0% 7.7% 6.7% 5.7%
MMSE-IRC MMSE-IRC E-MMSE-IRC wlo CLI MMSE-IRC E-MMSE-IRC wlo CLI MMSE-IRC E-MMSE-IRC wlo CLI
DDDSU XXXXX XXXXU DXXXU

mLow RU (<10%)

mMedium RU (20%-40%) = High RU (>50%)





image90.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

Legacy INR

: CLI(sele
——— XXXXX: SUN
— — XXXXX: CoSiteCLI/N

CLI(leakage)/N
ity)N

XXXXX: All INR
L

-40 -30 20 -10

0 10

20

30




image91.png
UL PUSCH Interference-Noise Analysis

CLi(leakage)/N
CLi(selectivity)/N
si





image92.png
CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

UL PUSCH Interference-Noise Analysis

CLi(leakage)/N
: CL(selectivity)/N
: SUN

: CoSiteCLI/N

: AllINR

-30 -20 -10 0

10

20

30




