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1. Introduction

The study item on evolution of NR duplex operation is approaching the end. This study item includes two major components: (1) study on the feasibility and performance of subband non-overlapping full duplex; (2) Study on the potential enhancement of dynamic/flexible TDD. In this contribution, we focus on the potential enhancement of dynamic/flexible TDD and some system-level simulation results are provided in particular related to inter-gNB CLI handling solutions. 

2. Discussion

We focus on 2-layer Scenario B (FR1) as shown in Fig.1, wherein layer 1 is Macro gNBs using DL dominant static TDD UL/DL configuration (DDDSU), layer 2 is indoor office TRPs using UL dominant static TDD UL/DL configuration (DSUUU). For indoor office TRPs, joint reception is considered per six TRPs in our simulation, which is expected to be beneficial for interference suppression.
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Fig.1 Layout for 2-laye Scenario B for evaluation
Some main evaluation assumptions, such as deployment scenario, antenna configurations are provided below.

Deployment:

Layer 1: Urban Macro

Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around, ISD=500m.

Layer 2: Indoor office

Only one building with the size of the 120m x 50m x 3m randomly dropped in the whole network, 12 indoor office TRPs are dropped in the building. 

10 UEs per indoor office TRP is assumed, and UEs are uniformly dropped in the building. 

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).

Receiver:

Baseline: MMSE-IRC for both DL and UL where the gNB-to-gNB CLI covariance matrix is not considered at the UL equalizer. 

E-MMSE-IRC: Enhanced MMSE-IRC based on improved gNB-to-gNB CLI covariance matrix applied for UL

Performance metric

DL Average-UPT {mean, 95%, 50%, 5%} for Macro cell and indoor office TRP, and UL Average-UPT {mean, 95%, 50%, 5%}} for Macro cell and indoor office TRP, the unit of UPT is Mbps.

In the SLS, legacy TDD is evaluated as baseline. To evaluate different gNB-to-gNB CLI handling solutions, we also consider DTDD with MMSE-IRC receiver as another reference, where no inter-gNB CLI enhancements is considered. For DTDD with E-MMSE-IRC receiver, regarding how to obtain the gNB-to-gNB CLI covariance matrix, as discussed in RAN1#113, two schemes, transparent UL resource muting scheme and non-transparent UL resource muting scheme, are considered. For the former one, it can be realized by avoiding scheduling the PUSCH on some UL symbols. For the later one, a comb-like muting resource pattern is assumed. Therefore, compared with the former one, the later one has smaller UL resource overhead. 

The simulated cases are summarized as followings:

Case 1: Legacy TDD

TDD UL/DL configuration for Macro gNBs and indoor office TRPs: DDDSU;

CLI & Receiver: MMSE-IRC with no CLI

Case 2: DTDD with MMSE-IRC receiver

TDD UL/DL configuration: Macro gNBs: DDDSU, indoor office TRPs: DSUUU;

CLI & Receiver: The UL channel estimation is impacted by gNB-to-gNB CLI in first two UL slots, and the gNB-to-gNB CLI covariance matrix is not considered at the MMSE-IRC receiver. It is expected that if realistic gNB-to-gNB CLI covariance matrix estimation is modeled, the performance will be worse.

Case 3: DTDD with transparent UL resource muting-based E-MMSE-IRC receiver

TDD UL/DL configuration: Macro gNBs: DDDSU, indoor office TRPs: DSUUU;

CLI & Receiver: The UL channel estimation is not impacted by gNB-to-gNB CLI, and the gNB-to-gNB CLI covariance matrix is obtained based on transparent UL muting resource

For all Macro cells, all the REs of one DL symbol of PDSCH at PUSCH DMRS are muted.

It is assumed that a CORESET with two symbols is located at the beginning of a slot, so for all indoor office TRPs, all the REs of the first three UL symbols of PUSCH corresponding to two symbols at PDCCH and one symbol at PDSCH are muted.

Case 4: DTDD with non-transparent uplink resource-muting based E-MMSE-IRC receiver

TDD UL/DL configuration: Macro gNBs: DDDSU, indoor office TRPs: DSUUU;

CLI & Receiver: The UL channel estimation is not impacted by gNB-to-gNB CLI and the gNB-to-gNB CLI covariance matrix is obtained based on non-transparent UL muting resource

For all Macro cells, all the REs of one DL symbol of PDSCH at PUSCH DMRS are muted.

It is assumed that regardless of the CORESET configuration, for all indoor office TRPs, a comb-like UL muting resource pattern with 1/2 REs over the frequency is applied. The UL muting resource pattern occurs on two PUSCH UL symbols corresponding to one symbol at PDCCH and one symbol at PDSCH.

UL performance evaluation results

The UL mean and 5% UPT for indoor office TRP are shown in Fig. 2, and the statistics of UL SNR, legacy UL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 3. The following can then be observed:

At low load, the legacy UE-to-gNB interferences dominate the UL interferences At medium load and high load, the gNB-to-gNB CLI dominates the UL interferences as shown in Fig. 3. 

For DTDD with E-MMSE-IRC receiver based on transparent UL muting resource, the UL mean UPT is lower than MMSE-IRC receiver at low load. This is due to fact that overall the gNB-gNB CLI is not severe at low load as shown in Fig.3 but there is additional 3 UL symbols overhead in the transparent UL resource muting scheme. At medium and high load,  E-MMSE-IRC receiver based on transparent UL muting resource has larger UL mean and 5% UPT than MMSE-IRC receiver. This is because the gNB-gNB CLI becomes more severe at medium and high load and the performance gain from interference suppression outweighs the additional UL overhead.

For DTDD with E-MMSE-IRC receiver based on non-transparent UL muting resource, it achieves larger UL mean and 5% UPT than MMSE-IRC receiver under all loads. Especially for 5% UPT, regardless of low load, medium load or high load, considerable gains are observed. Compared with E-MMSE-IRC receiver based on transparent UL muting resource, it also always achieves larger UL mean UPT and 5% UPT in all the cases:

For mean UL UPT, the performance increases by 17.1%~33.1%.

For 5% UL UPT, the performance increases by 20.8%~58.4%.
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Fig. 2. UL Mean and 5% UPT of indoor office TRP
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Fig. 3. Statistics of UL interference and noise for the indoor office TRPs

As discussed above, the following observations and proposals can be obtained.

Observation 1: For Dynamic/Flexible TDD, under 2-layer scenario B, the co-channel CLI dominates the UL interferences regardless of high RU or medium RU.

Observation 2: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver based on non-transparent uplink muting resource achieves considerable gain than MMSE-IRC receiver.

Observation 3: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver based on non-transparent uplink muting resource achieves considerable gain than E-MMSE-IRC receiver based on transparent uplink muting resource.

Proposal: Support non-transparent UL resource muting to suppress the inter-site gNB-to-gNB co-channel CLI.

DL performance evaluation results

The DL mean and 5% UPT for Urban Macro layer are shown in Fig. 4, and the statistics of DL SNR, legacy DL INR, and ratio of CLI to noise (denoted as CLI/N) are shown in Fig. 5. The following can be observed:

The legacy gNB-to-UE interferences always dominate the DL interferences, but not UE-to-UE CLI, regardless of low, medium or high load, as shown in Fig. 5. The UE-to-UE CLI is small and has little impact to the Macro gNBs DL performance.

For DTDD with MMSE-IRC receiver, under all loads, the DL mean UPTs stay nearly the same as legacy TDD. However, the 5% DL UPT performance is improved since the UE-to-UE CLI is much smaller than the legacy gNB-to-UE interferences.

For DTDD with E-MMSE-IRC receiver based on transparent or non-transparent UL muting resource, under all RUs, the DL mean UPT suffers a little performance loss than legacy TDD and DTDD with MMSE-IRC receiver due to the DL muting resource at PUSCH DMRS. However, the 5% UL UPT performances are still improved than legacy DTDD mostly since the UE-to-UE CLI is much smaller than the legacy gNB-to-UE interferences.
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Fig. 4. DL mean and 5% UPT of Macro cells
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Fig. 5. Statistics of DL interference and noise for Macro cells

As discussed above, the following observation can be obtained.

Observation 4: 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, medium or high load.
3. Conclusion

Based on the above discussion, we have the following observations and proposals

Observation 1: For Dynamic/Flexible TDD, under 2-layer scenario B, the co-channel CLI dominates the UL interferences regardless of high RU or medium RU.

Observation 2: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver based on non-transparent uplink muting resource achieves considerable gain than MMSE-IRC receiver.

Observation 3: For Dynamic/Flexible TDD, under 2-layer scenario B, E-MMSE-IRC receiver based on non-transparent uplink muting resource achieves considerable gain than E-MMSE-IRC receiver based on transparent uplink muting resource.

Observation 4: 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, medium or high load.
Proposal: Support non-transparent UL resource muting to suppress the inter-site gNB-to-gNB co-channel CLI.

