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1. 	Introduction
In NR design for TDD operation in unpaired spectrum, dynamic allocation of resources for DL or UL direction (dynamic TDD) is being studied. Dynamic TDD provides the network with the flexibility to react to variation of the downlink to uplink traffic load ratio over time and across cells, thereby providing an opportunity for improvement in latency and user-perceived throughput. 
The following agreement has been reached in RAN1 #87 meeting [2]
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)
· FFS adaptation at the level of a mini-slot
· Other aspects, if any, are not excluded
· Note: the applicability of the above bullets in terms of spectra is a separate discussion

However, an important challenge to take into consideration for dynamic TDD design is the management of cross-link interference. A cell that transmits in the downlink direction may cause BS-to-BS interference at a neighbour cell that adopts uplink operation in the same slot. Similarly, the UE from the cell with uplink direction of operation may cause UE-to-UE interference at the receiving UE in the downlink cell. Without techniques to manage or mitigate such cross-link interference, the system performance could be adversely impacted. 
The performance evaluation results of a variety of interference mitigation schemes were discussed in RAN1 #88, and it was agreed that duplexing flexibility with cross-link interference mitigation provides improvement in UPT over static UL/DL resource partition and over duplexing flexibility without cross-link interference mitigation schemes [3]. 
Cross-link interference measurement and reporting is an important enabler for managing and mitigating cross-link interference. The following was agreed in RAN1 #88-bis meeting [4]:
· For cross link interference mitigation, 
· Further consider UE-UE measurement and reporting, and TRP-TRP measurement
· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics
· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI
· Once the detailed option(s) is available, decide whether or to support this feature 
· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact
· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.

In this contribution, we discuss the various considerations that need to be taken into account for designing a UE-UE measurement mechanism.
2. 	Dynamic TDD data channel interference management 
For dynamic TDD operation, cross-link interference (CLI) between data in different directions (DL/UL) is inevitable. On one side, dynamic TDD allows fast adaption to the instantaneous traffic load on DL/UL and hence improves the user experience. On the other side, without carefully managing the interference between different links, dynamic TDD performance may deteriorate as show in our performance analysis contribution [4].
As an illustration, the following plots (Figure 2 and Figure 3) from [4] demonstrate that the interference-aware dynamic TDD scheme (shown as “Intf-aware” in the plots), which incorporates the knowledge about gNB-to-gNB and UE-to-UE cross-link interference, provides significant performance gains in terms of DL and UL UPT at low loads, similar to the greedy approach. Moreover, at high loads, the interference-aware scheme is able to manage cross-link interference and therefore prevents performance degradation. In comparison, the greedy approach shows significant performance degradation at high loading since it does not incorporate knowledge of the interference environment.
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We envision that there are at least two types of interference management solutions, namely
1. Interference suppression 
2. Scheduling/transmission coordination
Interference suppression refers to the techniques that can reject or cancel the interference at the receiver side. However, interference suppression has some limitation. For example, when the interference is too strong, interference cancellation performance can be very limited due to reasons such as AD saturation. The other consideration is that interference suppression requires advanced receiver, and not all receiver may have that capability, especially on the UE side. So, it is not enough to purely rely on interference suppression to handle interference in dynamic TDD case. It is also important to have the scheduling and transmission coordination.
Scheduling and transmission coordination refers to the schemes that aim to control the interference between DL and UL transmission by carefully selecting the communication links. To perform coordination, there are at least two steps needed, the first step is to make OTA measurement to determine the interference level between DL and UL, the second step is signalling exchange to ensure that commutation links that can potentially cause large interference to each other are handled appropriately to avoid severe cross link interference. 
In general, there is a need to specify the mechanism for OTA measurement for BS-to-BS interference and UE-to-UE interference. In particular, if two BSes belong to different vendors, then such a mechanism, if specified, can be useful for the network to identify potential cross-link interference scenarios in a consistent manner. Similarly, for UE-to-UE link measurement, a procedure needs to be specified for UEs to transmit sounding signals, measure sounding signals from other UEs, and finally report the measurements to the serving BS. In this contribution, we focus on UE-to-UE link measurement mechanism and discuss various considerations that need to be taken into account for such a procedure.
3. UE-to-UE cross-link interference measurement
For measurement of potential UE to UE interference, we can consider the special slot structure dedicated for the interference measurement as illustrated in the lower part of Fig. 2
· A subset of UEs transmit SRS, while other UEs measure their signal (different SRS signals can be multiplexed over multiple “SRS” channels)
· Measurements are filtered and reported to the infrastructure 


Figure 4 Slot structure for semi-static OTA interference measurement
In summary, for semi-static OTA measurement, we have the following proposal
Proposal 1: For dynamic TDD data channel interference management, NR considers supporting special slot structure and mechanisms to allow the sounding of BS to BS and UE to UE links.
For a UE, cross-link interference occurs when the UE is receiving a downlink transmission from its serving cell, and at the same time, a nearby UE served by a different cell is transmitting in the uplink direction. The goal of the cross-link measurement mechanism is to enable the serving gNB to be aware of such potential cross-link interactions and to learn about how severe the impact of such interference could be. Specifically, the measurement mechanism needs to take the following considerations into account:
1. Every UE must have an opportunity to transmit a measurement signal for cross-link measurement.
2. Every UE must have an opportunity to listen to the cross-link measurement signal sent by UEs in other cells.
3. A UE that transmits a measurement signal may require a time gap for uplink to downlink switching before being able to listen to measurement signals from other UEs, or vice versa. Such a gap needs to be taken into account when scheduling the cross-link interference measurement signal transmissions.
4. As a simplifying assumption, a UE is not required to identify which UE or which cell the measurement signal corresponds to, but only needs to measure the received interference level in order to identify whether a severe jamming possibility exists. Further information regarding which UE or cell the jamming arises from may be considered for future study.
5. If multiple UEs transmit the measurement sounding signal at the same time, then a measuring UE may wrongly infer the presence of a jammer even if there is no dominant jammer nearby. Therefore, the number of simultaneously sounding UEs should be limited to a small number to avoid this problem. 
6. The overhead associated with the cross-link interference sounding should be kept as low as possible, while still ensuring timely update of the cross-link interference to take into account time variations in the interference characteristics.

4. Conclusion
Proposal 1: For dynamic TDD data channel interference management, NR considers supporting special slot structure and mechanisms to allow the sounding of BS to BS and UE to UE links.
Proposal 2: The following considerations need to be taken into account when designing the UE-to-UE interference measurement mechanism:
1. Every UE must have an opportunity to transmit a measurement signal for cross-link measurement.
2. Every UE must have an opportunity to listen to the cross-link measurement signal sent by UEs in other cells.
3. The switching gap between transmission and reception of the measurement signal at the UE needs to be taken into account when scheduling the cross-link interference measurement signal transmissions.
4. A UE should not be required to identify which UE or which cell the measurement signal corresponds to, but only needs to measure the received interference level in order to identify whether a severe jamming possibility exists. 
· Further information regarding which UE or cell the jamming arises from may be considered for future study.
5. The number of simultaneously sounding UEs should be limited to a small number to avoid a listening UE to wrongly conclude that a jamming scenario exists when there is none. 
6. The overhead associated with the cross-link interference sounding should be kept as low as possible, while still ensuring timely update of the cross-link interference to take into account time variations in the interference characteristics.
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