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Introduction
In RAN1 #88bis, the following conclusion was made on the cross-link interference management with flexible/dynamic TDD [1]:
Agreements:

· 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.

Agreements:

· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 

· Indication of intended DL/UL transmission direction configuration

· FFS details

Building on those agreements, we start by first discussing the basic Xn procedures need to operate the NR with aligned radio frame configurations (i.e. same downlink/uplink pattern), where cross-link interference is fully avoided. Including cases where neighboring gNB can coordinate. Such solutions are in particularly considered relevant for macro-cellular deployments below 6GHz, where there is large imbalance in the output transmission power from the UEs and gNBs, and hence less tolerance for cross-link interference. Secondly, we also elaborate on more advanced Xn procedures that facilitate non-linear cross-link interference cancellation via packet exchange.
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Basic framework for backhaul Xn TDD coordination
In line with the quoted RAN1 agreements, we suggest to have basic Xn backhaul procedures in place that facilitate operation ala indicated in Fig. 1. Meaning that there shall be Xn procedures defined to facilitate that the radio frame configurations (i.e. downlink/uplink switching pattern) could be fully aligned between neighboring gNBs (especially relevant for macro cellular scenarios below 6 GHz). The individual gNBs shall be able to monitor the performance per cell, and in particularly detect if there is a benefit from changing the radio frame configuration (downlink/uplink switching pattern) to better match the offered traffic conditions. 
When a gNB first detects a benefit for changing its radio frame configuration, it enters a negotiation phase with its neighbouring gNBs, essentially coordinating (estimating) if modifying the radio frame configuration of one gNB can be tolerated by the neighbouring gNBs. When the system is operated in the mode where not all gNBs have the same radio frame configuration (i.e. cross link interference is present), the gNBs shall be able to monitor if the cross-link interference become too high, i.e. causing problems that jeopardize the performance. This type of monitoring could be based on both gNB measurements, as well as measurements collected from UEs. If detected that cell performance on a gNB suffer from cross-link interference problems, there needs to be Xn procedures in place to accommodate efficient recovery mechanisms, where neighboring gNBs resolve such problems by modifying their radio frame configuration in a coordinated manner. For scenarios where cross-link interference is tolerable (i.e. for advanced small cell scenarios where cross-link interference is fully mitigated by use of advanced gNB and UE receivers), the gNBs shall naturally be allowed to operate in fully dynamic TDD mode, where each individual gNB decide on its own how to configure each slot (i.e. downlink-only, uplink-only, or bi-directional) without prior coordination with neighboring gNBs.
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Fig. 1: Simple illustration of modes of operation for backhaul-based (Xn) TDD coordination.
Given those considerations, the following basic proposals are put forward:

Proposal 1: It shall be possible for one gNB to inform a neighboring gNB of the radio frame configuration that it is using for its cells. This could be expressed as a string indicating how the individual slots in the radio frame is configured i.e. downlink-only, uplink-only, or bi-directional.

Proposal 2: It shall be possible for a gNB to inform a neighbouring gNB that it intent to modify the radio frame configuration of some of its cells. The neighboring gNB shall be able to respond if that is acceptable, or to indicate if it is estimated to cause problems. Detailed procedure is FFS.

Proposal 3: gNBs should be able to exchange measurements to facilitate detecting if cross-link interference is starting to cause problems. Exact details of such Xn-based measurement exchange procedures and definitions are FFS.

Proposal 4: There needs to be Xn procedures defined that can help two gNBs to recover from a situation with too much cross-link interference is detected, accommodating efficient recovery mechanisms, where neighbouring gNBs resolve such problems by modifying their radio frame configuration in a coordinated manner. Details are FFS.
An alternative to addressing undesirable cross-link interference problems by modifying the radio frame configuration (i.e. as per the recovery mechanism mentioned above), would be to use inter-gNB coordinated scheduling. Meaning coordinated scheduling with neighbor gNBs in different domains (e.g. time, frequency, power, spatial beams) to avoid heavy interference between the different user groups of the gNBs. Scheduling coordination requires the exchange of scheduling related information over Xn type backhaul between the involved gNBs and needs to be updated whenever some of the underlying parameters change (e.g. traffic conditions, frame reconfiguration). Such scheduling information that need to be exchanged over Xn, can for example be the user groups intended to be served in particular slots within the configured frame with a certain transmission power level and the most harmful interferers to that user groups which the neighbor gNB should avoid to serve in parallel on the same slots or to use reduced power transmissions. As an example, the coordinated scheduling mechanism to address cross-link interference could be an extended version of eCOMP (as known from LTE-A Pro), where scheduling hypothesis and benefits metrics are exchanged between base station nodes. To achieve this, the gNBs shall be able to request measurements from the served UEs to indicate the dominant interferer(s) (e.g. as detailed in [2] and RSRP) and to perform own measurements on received cross-link interference (e.g. RSRP). 

Proposal 5: Xn shall support the exchange of scheduling related information between gNBs to facilitate coordinated scheduling between neighboring gNBs. Details of the relevant scheduling information and the exchange procedure are FFS
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Xn support for IC Using Packet Exchange
Secondly, we consider more advanced use of Xn to facilitate improved non-linear interference cancellation (IC) using packet exchange. Here we refer to the multiple interference mitigation concepts in [2]. Among them, the TRP-to-TRP Interference Cancellation Using Packet Exchange scheme (refer Figure 1) requires that the following information is exchanged between gNBs over the backhaul.
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Figure 1: Timing diagram showing interference cancellation method using packet exchange
The Xn protocol should support exchange of the scheduled packet transmission along with relevant transmission parameters, such as the chosen PRBs, MCS, redundancy version (RV), and the precoder. The Xn procedure for packet exchange is similar to that of coherent JT operation. However, this scheme can tolerate larger Xn delays than coherent JT. Also, there are no tight synchronization and jitter requirements for our packet exchange Xn procedure. As the DL packets are not transmitted from the neighbouring cell, there is no need to determine the precoder from the neighbouring/cooperating cell.
Proposal 6: The NR should support packet exchange over Xn to facilitate non-linear cross-link interference cancellation. Details are FFS.
Backhaul bandwidth and latency considerations: By transmitting the used PRBs, the MCS, RV, rank, and precoder, the receiving gNB would be able to determine the channel-coded packet transmitted over-the-air by the DL gNB. It is sufficient to provision the backhaul bandwidth between two gNBs to be the peak over-the-air DL throughput that can be supported. We can also consider limiting the number of DL packets exchanged based on specific filters, such as, uplink received SINR, the throughput that the UE has received so far. 
Backhaul latency considerations: In the presence of non-ideal backhaul, it would be beneficial to allow the UL gNB some additional processing time to decode the UL packet. This additional processing time can be used to accommodate the delay in receiving the DL packet from neighboring DL gNBs. In the meantime, if we need to ensure that all the resources are fully used without any HARQ stall, then we would need the number of HARQ processes per UE be a bit larger than the prevailing over-the-air round trip time. This would ensure that the peak throughput does not suffer due to any potential extra latency in waiting for the packet to arrive on Xn for packet decoding. RAN1 has already agreed to some amount of flexible HARQ operation in NR where the time between the Ack/Nack and the packet transmission is configurable and explicitly indicated. In addition, asynchronous HARQ is supported which avoids a fixed timing between the fresh transmission and the retransmissions [3]. This additional flexibility will ensure that single UE throughput does not suffer due to TRP-to-TRP interference cancellation method when deployed with slow Xn links.   
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Xn support for UE-to-UE interference mitigation using SRS/DMRS sensing
Here we propose additional methods to mitigate UE-to-UE interference as detailed in [2]. In this proposal, UEs measure SRS transmissions from neighbour cell UEs and report these measurements to their serving TRPs. To aid the UE making these measurements, the UEs may be informed of the UL SRS configurations of neighbouring cell UEs which is exchanged between the gNBs over the backhaul.
In addition, the SRS measurements could also be supplemented with DMRS measurements by the UE of neighbouring cell UEs’ UL data transmissions. However, this requires scheduling information knowledge of neighbour cell UEs transmission to be informed to the DL cell’s UEs. which may be an onerous requirement. Hence, we propose blind detection of neighbour cell’s UL UEs’s DMRS transmission by DL cell’s UEs. Such measurements may be reported by the DL cell’s UEs to its serving cell, which then correlates that with the scheduled UL UE in the neighbouring cell. This scheme requires support of Xn procedures for exchanging of UL scheduling information, including the UL DMRS sequence information between the neighbor gNBs over the backhaul. The neighboring gNB can configure the IMR to be aligned with the informed SRS/DMRS Res for measuring interference from the uplink UEs in the aggressor cell.
Proposal 7: Xn shall support exchange of UE SRS and/or DMRS configurations, uplink scheduling information, to enable coordination methods between gNB schedulers to minimize UE-to-UE interference.
5
Conclusion
In this contribution, we made the following proposals related to Xn procedure for efficient TDD operation:

Proposal 1: It shall be possible for one gNB to inform a neighboring gNB of the radio frame configuration that it is using for its cells. This could be expressed as a string indicating how the individual slots in the radio frame is configured i.e. downlink-only, uplink-only, or bi-directional).

Proposal 2: It shall be possible for a gNB to inform a neighbouring gNB that it intent to modify the radio frame configuration of some of its cells. The neighboring gNB shall be able to respond if that is acceptable, or to indicate if it is estimated to cause problems. Detailed procedure is FFS.

Proposal 3: gNBs should be able to exchange measurements to facilitate detecting if cross-link interference is starting to cause problems. Exact details of such Xn-based measurement exchange procedures and definitions are FFS.

Proposal 4: There needs to be Xn procedures defined that can help two gNBs to recover from a situation with too much cross-link interference is detected, accommodating efficient recovery mechanisms, where neighbouring gNBs resolve such problems by modifying their radio frame configuration in a coordinated manner. Details are FFS.
Proposal 5: Xn shall support the exchange of scheduling related information between gNBs to facilitate coordinated scheduling between neighboring gNBs. Details of the relevant scheduling information and the exchange procedure are FFS.

Proposal 6: The NR should support packet exchange over Xn to facilitate non-linear cross-link interference cancellation. Details are FFS.
Proposal 7: Xn shall support exchange of UE SRS and/or DMRS configurations, uplink scheduling information, to enable coordination methods between gNB schedulers to minimize UE-to-UE interference.
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