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1 Introduction
In RAN1#84bis, it was agreed to study frame structures supporting at least FDD and TDD duplex arrangements. It was also agreed to study flexible duplex schemes. In RAN1#85, it was agreed that RAN1 should strive for maximizing commonality between TDD and FDD while optimizations can be made for only TDD or FDD. In RAN1#86, it was agreed that NR should support at least semi-static assignment of DL/UL transmission direction. It was also agreed in RAN1#86, that NR should allow TDD operation on unpaired spectrum where the transmission direction of most time resources can be dynamically changing. Companies have provided input in RAN1 on various methods of flexibly modifying the duplex scheme. It has been recognized that some of these duplexing methods may suffer from negative performance impacts due to the asymmetry in transmit powers in the downlink and uplink in some deployments. Evaluation assumptions for analyzing the performance of different duplexing methods and potential interference management schemes have been agreed in RAN1#86. In RAN1#86bis, it was concluded that the study of duplexing related issues should be continued while taking into account a large number of aspects. It was also agreed that RAN1 should strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectrum. 

The use of dynamic TDD where the direction of transmission is not fixed on any resource in a static or semi-static manner 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). The mitigation of such interference has been discussed in the past few meetings. In this contribution we discuss some of interference management schemes and the necessity of such schemes in general for different scenarios.
2 Discussion
The interference management schemes that have been discussed for cross-link interference mitigation may roughly be classified as follows. The first category of schemes attempts to avoid such cross-link interference by coordinating transmissions between different nodes. Such coordination may be achieved either by communication between nodes over the backhaul or by some over-the-air signaling and measurements between the nodes. The second category of schemes attempts to cancel the cross-link interference using advanced receiver processing. 
Before considering such interference mitigation schemes, it is first useful to understand the extent to which cross-link interference affects system performance in various deployment scenarios. It is worth noting that fully dynamic TDD where each minimum schedulable resource unit can be allocated either transmission in any direction is mainly beneficial in scenarios where the interference from gNBs and UEs is not too dissimilar. Indoor hotspot scenarios therefore are the most promising environments where dynamic TDD is expected to yield benefits.

The performance of dynamic TDD in such Indoor hotspot environments has been studied in [2] and [3] at carrier frequencies of 4 GHz and 30 GHz respectively. It is seen from these studies that dynamic TDD yields significant performance gains especially at low to medium loads and at 4 GHz, i.e., the performance of dynamic TDD is superior to that of a coordination scheme where the DL:UL ratio are fixed for some period of time (static TDD) and the same DL:UL ratio is used by all nodes in the network. The gains depend somewhat on the traffic asymmetry between the DL and the UL. When the DL and UL have similar traffic loads, use of the dynamic TDD scheme yields gains at most load points where the network is stable. The gains increase in inverse proportion to the load. When the DL and UL have asymmetric traffic loads, the gains are considerably reduced at low to medium loads and correspondingly the gain of using the static TDD scheme at high loads is also lower. 
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 Figure 1: CDF of the DL SINR for Dynamic TDD and Static TDD with different file sizes in an Indoor hotspot scenario with 3 TRPs per floor operating at 4 GHz. The left and right plots correspond to the DL:UL traffic ratio of 4:1 and 1:1, respectively.
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Figure 2: CDF of the DL SINR for Dynamic TDD and Static TDD with different file sizes in an Indoor hotspot scenario with 12 TRPs per floor operating at 30 GHz. The left and right plots correspond to the DL:UL traffic ratio of 4:1 and 1:1, respectively.
It is instructive to inspect the SINR for the dynamic and static TDD schemes. This is illustrated for the 4 GHz case in Figure 1 and for the 30 GHz case in Figure 2. The figures show that the potential improvement in SINR for the symmetric and asymmetric DL:UL traffic ratio cases with an ideal cross-link interference management scheme since the static TDD scheme does not have any cross-link interference. We first observe that at low to medium loads at 4 GHz, there is minimal gain from mitigating cross-link interference. At high load where the network starts to become unstable, there is a potential in some regions for a gain of 2 to 2.5 dB. At 30 GHz, the potential gains are similar except for a couple of regions where the potential gain increases to almost 5 dB. 

It should be noted that the SINR gain shown here comes at a cost of some increase in delay. The static TDD scheme, for instance, causes DL and UL packets to be delayed until the occurrence of the next DL or UL TTI respectively. Clearly, one interference management scheme is to simply use static TDD and the performance that one may expect by using this is shown in [2] and [3] where it is observed that such a static scheme does not provide any gain in throughput in most operating regions where the network is stable. Therefore, it is clear that in an Indoor hotspot scenario, the potential gains from mitigation of cross-link interference are not extremely high. It should be noted that interference management schemes were generally not observed to provide gains consistently at multiple load points for both the DL and UL in multi-cell scenarios in prior studies done in the LTE context [4]. This included scenarios where the interference from the gNBs and the UEs is more dis-similar. The above discussion leads us to the following observations.

Observations: 
· Dynamic TDD yields significant gains in scenarios such as the Indoor hotspot scenario even without any interference mitigation mechanism. 
· The potential for improvements due to cross-link interference mitigation in these scenarios is not very high. 

· Further study is needed before considering the use of any potential cross-link interference mitigation mechanisms. 

3 Conclusions
We discussed interference management and made the following observations.

Observations: 

· Dynamic TDD yields significant gains in scenarios such as the Indoor hotspot scenario even without any interference mitigation mechanism. 

· The potential for improvements due to cross-link interference mitigation in these scenarios is not very high. 

· Further study is needed before considering the use of any potential cross-link interference mitigation mechanisms.
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