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Discussion and Decision
1
Introduction
In RAN1#88bis, the following agreements were done on cross-link interference management:

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

In this contribution, we give proposals on potential down-selection options as well as on further investigation topics from NR RAN1 perspective, while taking the realistic NR RAN1 time schedule into account.
The cross-link interference problems that we consider in this contribution are TRP-to-TRP and UE-to-UE interference. TRP-to-TRP (DL-to-UL) interference is produced by DL transmitter in proximity of gNB receiving an UL signal. UE-to_UE (UL-to-DL) interference is created by UL transmitter in the close proximity of the UE receiving DL signal in the neighboring cell. An exemplary interference scenarios are shown in Figure 1. 

 [image: image6.jpg]Celll

slot sturcture

UE1

Cell 2

slot sturcture

UE2

gNB1 gNB2

A A

L

Symbol misalignment

UE | UE
1 2

UL-to-DL interference

B





Figure 1. An example of considered interference scenarios.
2
Discussion
2.1
Priorization for TRP-to-TRP interference handling
It has already been agreed that 3GPP will support information exchange among gNBs via backhaul signaling to assist e.g., cross-link interference mitigation. Thus, Xn procedures will be defined to facilitate TDD coordination and are further discussed e.g. in our company contribution [1], where it also observed that dynamic TDD with enhanced Xn procedures enables substantial gains in throughput and SINR performance. The exact details of such Xn procedures are still subject to discussions, including studying of backhaul and processing delays and their impact to the detailed backhaul procedures and signaling. The Xn procedure related discussion specification work will take place in NR RAN3, whereas the NR RAN1 should mainly identify the parameters that need to be exchanged via the backhaul link.

Observation 1: There should be no additional NR RAN1 specification impact due to NR Xn procedures, except the identification of the parameters to be exchanged.
In addition, in the presence of high capacity backhaul TRP-to-TRP interference can be controlled by gNB and effectively mitigated by using advanced receivers. Utilization of advanced receivers does not require any further NR RAN1 specification effort. 

Observation 2: In presence of high capacity backhaul, TRP-to-TRP interference handling/mitigation can be effectively handled by using advanced receivers. There should be no additional NR RAN1 specification impact due to this.
Based on these observations, we make the following proposal:
Proposal 1: There should be no additional RAN1 specification impact in NR Rel-15 WI due to TRP-to-TRP interference mitigation.
2.2
Priorization for UE-to-UE interference handling
Symbol timing alignment

The NR should eventually support certain UE-to-UE interference mitigation schemes depending on the backhaul capacities between cells. So far during the NR SI and WI, many schemes for UE-to-UE interference schemes have been proposed, including also interference suppression by using advanced receivers. In order to enable usage of advanced receivers to mitigate UE-to-UE interference, it is necessary to provide support for cross-link orthogonal reference signals. This leads to the requirement of time alignment between reference signals in DL and UL. In other words, the symbol boundaries between UL and DL would need to be aligned with CP accuracy. As illustrated in Figure 2, this is not currently supported in the agreed NR (bi-directional) slot formats in case minimum TA is longer than CP time.

[image: image2]
Figure 2. Illustration of symbol misalignment between UL and DL.

The existing NR bi-directional slot type could easily be extended to support symbol alignment for data symbols by e.g. splitting the guard period (GP) into two parts and assigning them not only to the link direction switching point but also between DL control and data symbols. The principle of UL and DL data symbol alignment is illustrated in Figure 3.
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Figure 3. Alignment of UL and DL data symbols

It can further be noted the distance between the victim UE (e.g. UE1 in Figure 2) and interfering UEs (e.g. UE2 in Figure 2) is relatively short in order for the interference to be noticeable. Thus, the symbols from the interfering UE can be assumed to be received by the victim UE within the normal CP duration. 
Simplified sensing-based UL transmission
In addition to supporting the symbol alignment, a simplified sensing based scheme as described e.g. in [2] could be adopted already in early phase of NR for UE-to-UE interference mitigation. In this scheme, different slot-types (i.e. DL only, UL only and flexible slots) are defined, and the UL transmission in the flexible slot is deprioritized for avoiding cross-link interference. To realize the scheme, UE can perform channel sensing after it receives UL grant in a flexible slot, only if channel is busy, UE may drop the transmission. There is no limitation in DL transmissions in flexible slots.

This could be justified with low complexity, small RAN1 specification impact and backwards compatibility.

Figure 4 shows the example of the slot types.
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Figure 4. Example on slot types
The discussion above leads to following proposal:
Proposal 2: For UE-to-UE interference mitigation in NR Rel-15 WI, study and support time alignment of UL and DL data symbols between NR bi-directional slot types together with simplified sensing based schemes.

2.3
Cross-link interference mitigation for further study
In addition to interference suppression via advanced receivers, also various other interference mitigation schemes have been proposed so far in NR 3GPP SI and WI phases, including e.g. UE-to-UE measurements. Investigation of these schemes is indeed required in order to provide optimal solution for NR cross-link interference mitigation in the long run. However, as observed in [3], common design criteria, comprehensive system level evaluation study for various deployments and for different traffic loads and fair comparison between different proposed schemes, including also comprehensive complexity study, are crucial for proper NR cross-link interference mitigation scheme design. Taking the practical time restrictions and accelerated NR Phase 1 time table into account, it is unlikely that all these aspects can be finalized in Rel-15 WI timetable. Also, it would be beneficial to investigate these issues jointly together with the aspects of side link (and D2D), currently in Rel-15 SI content.
Proposal 3: Minimize other RAN1 specification impacts in NR Rel-15 WI, and consider further enhancements in the next release.

3
Conclusion
In this contribution, we made discussed cross link interference mitigation in the case of dynamic TDD. Based on the discussion we make the following observations and proposals:

Observation 1: There should be no additional NR RAN1 specification impact due to NR Xn procedures, except the identification of the parameters to be exchanged.

Observation 2: In presence of high capacity backhaul, TRP-to-TRP interference handling/mitigation can be effectively handled by using advanced receivers. There should be no additional NR RAN1 specification impact due to this.
Proposal 1: There should be no additional RAN1 specification impact in NR Rel-15 WI due to TRP-to-TRP interference mitigation.

Proposal 2: For UE-to-UE interference mitigation in NR Rel-15 WI, study and support time alignment of UL and DL data symbols between NR bi-directional slot types together with simplified sensing based schemes.

Proposal 3: Minimize other RAN1 specification impacts in NR Rel-15 WI, and consider further enhancements in the next release.

References

[1] R1-1708820, ‘Xn Support to aid TDD Interference Mitigation and Coordination’, Nokia, Alcatel-Lucent Shanghai Bell
[2] R1-1708821, ‘LBT-based UL transmission for dynamic TDD’, Nokia, Alcatel-Lucent Shanghai Bell
[3] R1-1706061, ‘Considerations on the Proposed Cross-link Interference Mitigation Schemes’, Ericsson
[image: image1.emf]Co-channel interference: UL



UL

[image: image5.jpg]Celll

slot sturcture

UE1

Cell 2

slot sturcture

UE2

Uc

iGP

Symbol alignment for data




