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1 Introduction
The work item description (WID) for NR [1] indicates that NR should specify the following.

Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

-
Enablers for interference management mechanisms for handling cross-link interference.

-
Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1

The following agreement was made at the last meeting.

Agreements:

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 
In this contribution, we evaluate the performance of measurement based enablers in combination with backhaul signaling and scheduling constraints for cross-link interference mitigation. 
2 Discussions
In order to investigate the impact of measurements based enablers for CLI, we have examined the performance of the hybrid TDD scheme when measurement based triggers are applied. With respect to measurements, we consider two options: CLI measurement and SINR measurement. The system level performance operating with dynamic TDD or static TDD is evaluated and provided as the reference which is compared to the operation based on the hybrid TDD. We have compared measurement based triggers for hybrid TDD as compared to the default trigger, i.e. switch based on buffer status.

2.1 Simulation assumptions

The deployment scenario considered here is the Indoor hotspot for 3 TRPs as described in [2] where additional modifications based on the agreements in RAN1#86 are taken into account. Moreover, ceiling mounted TRP deployments based on Option 1 in with 32 antenna elements is adopted while Omni-directional antennas with 2x2 MIMO are considered at the UE. More details on simulation assumptions are provided in Table 1 in the Appendix. 

The following TDD options are considered for the system level evaluations:

· Dynamic TDD

A TDD scheme where the direction of transmission is not fixed on any resource in a static or semi-static manner and can be changed dynamically between DL and UL. In the evaluation, depending on the incoming traffic and the scheduler decision, any slot can carry DL or UL traffic. 

Operation based on dynamic TDD is expected to cause so-called cross-link interference where the dominant interference for a transmission in one direction (e.g., downlink) is caused by another transmission in the other direction (e.g., uplink).

· Static TDD

A coordinated TDD scheme where the DL:UL ratio for the allocated slots is fixed for some period of time and the same DL:UL ratio is used by all nodes in the network. This scheme is equivalent to the traditional legacy TDD. In other words, the number of DL slots followed by UL slots are the same and synchronous across all the nodes in the network.

Operation based on static TDD is immune to so-called cross-link interference while the DL to UL ratio for the allocated slots follows a static or semi-static structure that is matched to the long term statistics of the incoming DL to UL traffic ratio.

· Hybrid TDD based on buffer status

Baseline hybrid TDD where the switch between dynamic and static TDD is based on the buffer status. One trigger for the mode switch is the presence of mixed traffic. At a given cell, if both downlink and uplink traffic exists, the TDD mode is switched to the static TDD mode. With the presence of unidirectional traffic, the TDD mode is switched back to the dynamic TDD. 

· Hybrid TDD based on buffer status and signaling of desired mode from other cells
Hybrid TDD where the switch between dynamic and static TDD is based on signaling received from other cells as well as the buffer status. If signaling is received from other cells indicating that the other cell is using a static TDD mode or bi-directional traffic is present, then static TDD is used. Otherwise, dynamic TDD is used.
· Dynamic TDD with scheduling constraints based on measurements
Dynamic TDD with the addition of a scheduling constraint based on an SINR measurement. If the SINR for a given user on the DL or the UL falls below 15 dB, the user is delayed. Other users with a greater SINR may be scheduled.
· Dynamic TDD with scheduling constraints based on signaling and SINR measurements made in another cell
Dynamic TDD with the addition of a scheduling constraint based on signaling received from another cell indicating that a user in that cell had SINR below 15 dB in a particular slot. If the cell receiving the signaling has users scheduled that may potentially generate the measured interference in the cell from which signaling is received, the scheduling of these users is delayed. Other users may be scheduled.

· Dynamic TDD with scheduling constraints based on signaling, SINR measurements and cross-link interference measurements made in another cell

Dynamic TDD with the addition of a scheduling constraint based on signaling received from another cell indicating that a user in that cell had SINR below 15 dB in a particular slot and that a high degree of cross-link interference was measured. If the cell receiving the signaling has users scheduled that may potentially generate the measured interference in the cell from which signaling is received, the scheduling of these users is delayed. Other users may be scheduled.

· Dynamic TDD with scheduling constraints based on signaling, SINR measurements and cross-link interference identification and measurements made in another cell

Dynamic TDD with the addition of a scheduling constraint based on signaling received from another cell indicating that a user in that cell had SINR below 15 dB in a particular slot and that a high degree of cross-link interference was measured with the source of the cross-link interference identified based on detected RS. If the cell receiving the signaling has the identified user scheduled, the scheduling of these users is delayed. Other users may be scheduled.

The simulations are carried out for the case with DL:UL traffic ratio of 1:1 where every other slot is DL or UL in a synchronous manner across all the nodes when static TDD is used. 
From our point of view, it is important to understand firstly if utilizing measurements for the purpose of CLI mitigation is necessary and secondly which type of measurements are more beneficial. Hence we have used the following idealistic assumptions to find the answers to these questions without focusing on the implications of performing such measurements. Therefore, we have assumed that for the schemes where measurements are used, the corresponding measurements are performed at both UE and gNB and all the measurement information is available at gNB. Moreover, we have assumed that the measurements are made and reported every slot. Also the gNB relies on the latest measurement. It should be emphasized that these assumptions are clearly idealistic.

2.2 Simulation results and analysis

Figure 1 and Figure 2 provide an overview of the performance of the various schemes with respect to mean and cell-edge user throughput, for symmetric traffic between DL and UL. Figure 3 and Figure 4 provide the same results for asymmetric traffic where half the nodes in the network have only DL traffic and the other half only have UL traffic. 
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Figure 1:The mean user throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 2: The 5th%-ile throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 3:The mean user throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.
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Figure 4: The 5th%-ile throughput vs. served traffic per TRP for NR Indoor hotspot scenario at 30GHz with 12 TRP per floor with DL:UL traffic ratio of 1:1 and file size 0.5 MB. The left and right plots correspond to the DL and UL user throughput, respectively.

The following observations can be made based on the performance evaluation.
Observations:

· Overall, the fully distributed hybrid TDD based on buffer status without any signaling between cells yields the most consistent performance across both symmetric and asymmetric traffic scenarios.
· The use of measurements may yield some gains for some metrics in some cases, but does not necessarily lead to consistent gains in all cases. 
Therefore, the hybrid TDD solution based on buffer status is a robust and simple scheme which fully exploits the benefit of using dynamic TDD with sufficient cross-link interference management to operate in various load ranges. This observation leads to the following conclusion.

Conclusion: Hybrid TDD based on buffer status is a robust solution for cross-link interference management in NR.
3 Conclusions

We evaluated the performance of measurement based enablers in combination with backhaul signaling and scheduling constraints for cross-link interference mitigation. The following was observed.

Observation:
· Sufficient information on the protocol of a proposed cross-link interference mitigation scheme, its impact on the system performance operating at different loads and in different deployment scenarios is essential for a proper design of a cross-link interference mitigation scheme in NR.
Proposal: 
· The impact of factors such as measurement overhead, estimation errors, signaling delays and complexity on system performance must be further evaluated during the work item before considering specification of any enablers for cross-link interference mitigation.
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