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1
Introduction
In RAN1#89, the following agreements and conclusion were made on cross-link interference management [1]
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 
Conclusion:

· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 

· Configurations of reference signal for CLI management, which is transmitted from gNBs

· FFS Details

Also the connection with TRP-to-TRP measurement
Building on previous agreements, we discuss 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. 
In addition, we also show our view on the cross-link interference measurement framework aligning with MIMO interference framework. 
2
Basic framework for backhaul Xn based 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. 
· The radio frame configuration includes the duplexing types of individual slots in the radio frame, i.e. 
· Fixed slot (downlink or uplink) or flexible slots.
Proposal 2: It shall be possible for gNBs to recover from high cross-link interference by modifying their radio frame configuration in a coordinated manner. 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. Details of Xn-based measurement exchange procedures and definitions are FFS.

Proposal 4: RAN1 send LS to RAN3 to share the status on the agreed backhaul signalling required for cross-link interference management, and to be referred for Xn related work. 

3.
Enhanced schemes for mitigating cross-link interference
Until the previous meeting, we have proposed enhanced schemes for mitigating cross-link interference based on coordinated scheduling and advanced receiver [2, 3]. Though we have observed the clear gain from the schemes, and the interference cancellation was truly essential to improve the performance with macro or micro environment, there are still some concerns on the feasibility of developing all the specification in Release-15.

In addition, the centralized architectures are widely considered to be implemented, and it is possible to carry out interference cancellation without Xn-based operation by using centralized scheduler. Though the centralized deployment cannot cover all the deployment scenarios, at the initial phase of NR deployment, we can consider first implementation based optimization instead of specifying details. 
In addition, there is still further investigation is required to see the exact impact of coordinated scheduling, because NR physical layer structure is not finalized yet. And the evaluations have been performed with LTE-like approximation. Thus, to have better specification, such enhancement can be discussed separately after completion of first NR specification.
Finally, as described in Annex A, methods to deal cross link interference by means of interference cancellation facilitated by packet exchange over Xn are also considered to be out of the scope of Rel-15, but will still being highly relevant for Rel-16.
Observation 1: Enhanced schemes for mitigating cross-link interference have not been fully investigated with exact physical layer structure of NR, and it is required to be studied further after completion of initial specification.
Proposal 5: RAN1 should prioritize the TDD frame coordination based on the long-term interference measurement, and consider further enhancement at the next release. 

4
Cross-link interference measurement framework
Based on the discussion in section 3, we have investigated the measurement frameworks on cross-link interference. 
There have been discussed on the frame work for measuring cross-link interference during previous RAN1 meetings, and we have proposed the following principles. There are two categories of measurement in terms of measurement period, long-term and short-term measurement. The long-term measurement can be used for controlling the average level of interference while short term measurement can be used for coordinated scheduling. On the TRP-to-TRP interference, the long-term measurement can be performed without coordination based on the prior knowledge and some implementation based scheme. Though the short-term measurement could provide more accurate control of the interference, the specification impact should be investigated with respect to the performance gain.

Observation 2: Long-term TRP-to-TRP interference can be measured by implementation without specification impact, and the specification impact and real gain of the short-term measurement should be investigated.

Proposal 6: Implementation-based TRP-to-TRP measurement should be solely supported in Release-15 without RAN1 specification impact.

For measuring UE-to-UE interference, we have proposed two possible alternatives using either SRS or UL DM-RS [2]. There are a few pros and cons for these RS:

· Semi-Periodic SRS transmission can be allegedly coordinated between TRPs. On the other hand, DM-RS is more like scheduling based transmission and difficult to be coordinated. However, some periodic UL transmission is possible to be considered e.g. periodic feedback of BSR etc. 

· DM-RS has the advantage that it is transmitted this time in the scheduled BWs of the aggressor UE, and hence this is the interference needed by the victim UE. Unlike in MIMO, in dynamic TDD we have no interest in the CSI conditions for scheduling purpose, but the critical part is for demodulation.

· SRS-based method should be used with the support of backhaul signalling for exchanging SRS scheduling information Interference level from UL DM-RS is possible to be measured without exchanging information between TRPs if DM-RS sequences are defined resource specific.
Based on the above comparison, SRS-based measurement is more suitable for short-term measurement for coordinated scheduling while DM-RS-based measurement can be used to estimate average level of the interference. 
However, given the time schedule for Release-15, the specification impact to introduce any enhancements to Release-15 should be minimized, and we should consider such enhancement as first coming in Release-16.
Based on the above reasons, we think the DMRS for interference estimation has a better overall utilization, and should be prioritized in Release-15.
Proposal 7: DMRS-based measurement should be prioritized in Release-15 for UE-to-UE interference, and define new report hypothesis to mitigate the higher CLI. 
4
Conclusion
In this contribution, we made the following proposals and observation on cross-link interference management. 
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. 

· The radio frame configuration includes the duplexing types of individual slots in the radio frame, i.e. 
· Fixed slot (downlink or uplink) or flexible slots.
Proposal 2: It shall be possible for gNBs to recover from high cross-link interference by modifying their radio frame configuration in a coordinated manner. 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. Details of Xn-based measurement exchange procedures and definitions are FFS.
Proposal 4: RAN1 send LS to RAN3 to share the status on the agreed backhaul signalling required for cross-link interference management, and to be referred for Xn related work. 

Observation 1: Enhanced schemes for mitigating cross-link interference have not been fully investigated with exact physical layer structure of NR, and it is required to be studied further after completion of initial specification.

Proposal 5: RAN1 should prioritize the TDD frame coordination based on the long-term interference measurement, and consider further enhancement at the next release. 

Observation 2: Long-term TRP-to-TRP interference can be measured by implementation without specification impact, and the specification impact and real gain of the short-term measurement should be investigated.

Proposal 6: Implementation-based TRP-to-TRP measurement should be solely supported in Release-15 without RAN1 specification impact.

Proposal 7: DMRS-based measurement should be prioritized in Release-15 for UE-to-UE interference, and define new report hypothesis to mitigate the higher CLI.
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Annex A:
Xn support for IC Using Packet Exchange
We consider more advanced use of Xn to facilitate improved non-linear interference cancellation (IC) using packet exchange. The DL-to-UL Interference Cancellation Using Packet Exchange scheme (refer Figure A.1) requires that the following information is exchanged between gNBs over the backhaul.

[image: image2.png]Message flow

[GNB1 (uplink) [aNB2 (downiink)] [UE
Transmit direction in slot 'n' = uplink, 18
%
3
g
-5
UL scheduling grant 413
v
o
encoded bits, PRB allocation e
o o SO 5
MCS, RV, precoder BE
l(- - - ONB-to-gNB Interference __ _
Packet Transmission &
2 >e
Estimate gNB-gNB channel
Cancel interference from gNBZD

ntimsca





Figure A.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.
