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1 Introduction
In RAN1#90, the following agreements were made on dynamic TDD for new ratio (NR) [1]. 
Agreements:

· Definitions of metrics for CLI:

· SRS-RSRP:

· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions

· RSSI:

· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE

· For SRS-RSRP based UE-UE CLI measurement  

· At least SRS can be used for UE-UE CLI measurement

· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS

· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 

· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 

· FFS details, e.g. configuration signaling, measurement triggering mechanism

· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.

· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect

· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported

· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]

· FFS whether there is spec impact. 

· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]

· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 

· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement

· FFS whether or not to have measurement accuracy relaxation

· For RSSI based UE-UE CLI measurement  

· UE can be configured with a set of resource elements to measure UE-UE CLI interference.

· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism

· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement

· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement

· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement

· To conclude whether or not to down-select the above two approaches in the next meeting

In RAN#75, it was also agreed to carry out a new study item on integrated access and backhaul (IAB) for NR [2]. A motivation behind carrying out the study on IAB at an early stage of NR standardization is explained in the document such that “The benefits of integrated access and backhaul (IAB) are crucial during network rollout and the initial network growth phase. To leverage these benefits, IAB needs to be available when NR rollout occurs. Consequently, postponing IAB-related work to a later stage may have adverse impact on the timely deployment of NR access.” Some of the objectives of the study item are closely related to the topics currently pursued in NR duplexing: 
· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 

· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 

· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs
Therefore, current work on duplexing and cross-link interference (CLI) management should also take into consideration IAB deployment and future compatibility with IAB design. For example, the amount of information that is exchanged through the wireless backhaul for interference management must be minimized. Furthermore, while CLI is an important part of interference under dynamic TDD, inter-cell interferences in the DL and the UL will also occur at the same time and should be addressed as well. Therefore, we need a method that can address all types of inter-cell interferences in a unified manner. In this contribution we discuss a method of representing interferences of all types by victim beam – aggressor beam tables that can be used for beam coordination. CLI part of this contribution is also presented in more detail in [3]. Finally, we discuss a possible beam coordination method for interference mitigation based on the interference table.
2 Discussions
Because of a small backhaul delay in the wireless backhaul, interference management and cooperation on a short term basis can be readily supported in the IAB system to improve the radio network performance. However, the amount of information that is exchanged through the wireless backhaul must be kept as small as possible in order to maximize the wireless backhaul efficiency. In this contribution, we discuss a method of representing interference values by victim beam – aggressor beam tables that significantly reduces the amount of information to be exchanged through the backhaul. The tables are constructed not only for TRP-TRP and UE-UE interferences under dynamic TDD, but also for the inter-cell interferences in the DL and the UL communication. Interference management and coordination for all types of inter-cell interferences can be performed based on the interference tables in a unified manner. We further discuss a method of interference reduction by beam coordination based on the interference table.
2.1 TRP-TRP and DL-UL Interference Measurement Table
In this subsection, we describe the interference measurement by TRP of a radio access base station or rTRP of a wireless backhaul, in which the interference signal is transmitted by another TRP or rTRP. Measurement of the TRP-TRP interference can be realized in two ways. First, a TRP/rTRP transmits a measurement signal, such as CSI-RS, for all its beams, and at the same time, other TRPs/rTRPs receive the signal using all their receive beams and take measurements for all transmit-receive beam combinations. The TRP/rTRP node that transmits the signal is then switched to a different node and the measurement is repeated. Another method is that a TRP/rTRP node receives and measures signal while all the other nodes transmit signal. The node that receives and measures the signal is switched to a different one until all the nodes are enumerated. Coordination of selecting the nodes, the beams and the radio resources for transmitting or receiving the signal is necessary. In the IAB system, this measurement process is required, and must be performed in order to find the best wireless backhaul path.
From this measurement process, TRP/rTRP node s using its beam Bs[j] receives the signal transmitted by another node n using the beam Bn[i], and obtains a measurement, such as RSRP or received power, denoted as 
ITRP(TRP(Bn[i] ( Bs[j]). 
The measurement is repeated for all beam combinations of Bn[i] and Bs[j] to construct a table. The measurement table can be used for coordination of beams of TRPs/rTRPs to minimize TRP-TRP interferences. Since the nodes are located in fixed positions and the radio channels between the nodes do not change significantly over time, the same table can be used for some period of time before an update is needed.
Proposal 1: TRP-TRP interference measurements for all transmit beam and receive beam combinations are supported to construct TRP-TRP interference tables. Coordination of selecting the TRPs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.
2.2 DL Interference Measurement Table
In this subsection, we describe the interference measurement by a UE in the DL communication with its serving cell, in which the interference signal is transmitted by TRP of a neighbor cell or rTRP of a wireless backhaul. For the DL interference measurement, TRP/rTRP n of a base station or a wireless backhaul transmits the interference signal using the beam Bn[i], and UE u of another cell receives the signal using the beam Bu[k] and measures the interference ITRP(UE(Bn[i] ( Bu[k]). The measurement is repeated for all beam combinations of Bn[i] and Bu[k] to construct a table. Since the interference received by UE can be different at different UE locations, new measurements must be taken and reported to the base station as the UE moves its location. The information that is needed to be exchanged among the nodes can be significant to the backhaul, especially to the wireless backhaul. Therefore, an efficient way of representing the interference for NR is needed, especially in the IAB system.
To this end, the cell coverage is divided into a set of smaller areas by the base station TRP beams, and one representative interference value is determined for the beam coverage. More specifically, when the DL interference measurement signal is transmitted by TRP/rTRP n using the beam Bn[i], and a set of UEs, U(Bs[j]), located in the coverage of beam Bs[j] of cell s, receive and measure the interference, a representative value can be determined for the beam coverage as follows:
IDL(Bn[i] ( Bs[j]) = function{ ITRP(UE(Bn[i] ( Bu[k] | u ∈ U (Bs[j]) ) },
where function represents a means of deriving the representative value and is, for example, the maximum, the average, or a linear or non-linear combination of the interference values in the beam coverage. The representative values can be determined by the base station from UE reports of the measurements, and interference tables in terms of victim TRP beam – aggressor TRP/rTRP beam combinations can be constructed for all interferer TRPs/rTRPs.
The DL inter-cell interference table can be either short-term or long-term. The short-term table is constructed from the measurement reports by the UEs currently existing in the cell. So, the table values can change at each time of table construction, and need to be shared very frequently among the nodes for interference management. The long-term table is constructed from all the measurements taken over a period of time or from the short-term tables generated in the past, and does not change significantly unless the radio communication environment is changed. Therefore, the long-term table values can be shared among the nodes only when necessary, and the amount of information to be exchanged for coordination can be reduced greatly. The interference table can be used for coordination of beams of TRPs/rTRPs to minimize DL inter-cell interferences.
Proposal 2: DL interference measurements and reports by UEs for TRP transmit beam and UE receive beam combinations for interferer TRPs are supported to construct DL interference tables. 
2.3 UL Interference Measurement Table
In this subsection, we describe the interference measurement by TRP of a radio access base station in the UL communication, in which the interference signal is transmitted by UEs of a neighbor cell. Additionally, we also consider measurement by rTRP of a wireless backhaul for the interference transmitted by UEs in the UL communication. In the UL interference measurement, UE v transmits a measurement signal, such as the UL sounding signal, using the beam Bv[m], and TRP n of a neighbor cell or rTRP n of a wireless backhaul receives the signal using the beam Bn[i] and measures the interference IUE(TRP(Bv[m] ( Bn[i]). The measurement is repeated for all beam combinations of Bv[m] and Bn[i] to construct a table. As in the DL interference measurement, the UL interferences generated by UEs can be grouped in terms of beam coverages and a representative UL interference value can be derived for the beam coverage. More specifically, when the UL interference measurement signals are transmitted by a set of UEs, U(Bs[j]), located in the beam coverage of beam Bs[j] of cell s, and the interference signals are received and measured by TRP/rTRP n using the beam Bn[i], a representative value can be determined for the beam coverage as follows:

IUL(Bs[j] ( Bn[i]) = function{ IUE(TRP(Bv[m] ( Bn[i] | v ∈ U (Bs[j]) ) },
where function represents a means of deriving the representative value and is, for example, the maximum, the average, or a linear or non-linear combination of the interference values. The UL interference tables in terms of victim TRP beam – aggressor TRP beam combinations can be constructed for all interferer cells. The UL interference table can be either short-term or long-term. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the signal is necessary. The overhead incurred due to the UL interference measurement can reduce the UL performance. In an effort to minimize the UL measurement overhead, we observe and note that we can use the DL interference measurement values to derive the UL interference values under certain conditions as follows:
IUL(Bs[j] ( Bn[i]) ≈ IDL(Bn[i] ( Bs[j]) PUE(Bs[j]) / PTRP[n],
where PUE(Bs[j]) and PTRP[n] are the UE transmit power of the beam coverage of Bs[j] in the UL and the transmit power of TRP n in the DL, respectively. PUE(Bs[j]) can be obtained from the maximum, the average, or a linear/ non-linear combination of the transmit powers of the UEs in the beam coverage of Bs[j]. The above rule holds if the beam patterns of the transmitters and the receivers are identical for the TRPs and the UEs, and if the radio channels are reciprocal in the DL and the UL. Performance loss incurred in the above approximation can be made smaller than that due to the overhead of UL measurement. The UL interference table can be either short-term or long-term depending upon the DL interference table used. The interference table can be used for coordination of beams of TRPs/rTRPs to minimize UL inter-cell interferences. The use of the UL interference table derived from the DL table enables UL interference management with no or little overheads in the network and UL communication.
Proposal 3: UL interference measurements for UE transmit beam and TRP receive beam combinations for UEs in interferer cells are supported to construct UL interference tables. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.

Observation 1: UL interference tables can be derived from DL interference tables, eliminating the need of UL inter-cell interference measurement for UL inter-cell interference management, provided that the beam patterns and the radio channels are reciprocal in the DL and the UL.
2.4 UE-UE and UL-DL Interference Measurement Table
In this subsection, we describe the interference measurement by a UE in the DL communication with its serving cell, in which the interference signal is transmitted by a UE of a neighbor cell in the UL communication. In this case, UE v of a cell in the UL transmits the interference measurement signal using beam Bv[m], and UE u of another cell in the DL receives the signal using beam Bu[k] and measures the interference IUE(UE(Bv[m] ( Bu[k]). The UL sounding signal, for example, can be used as the interference measurement signal. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the signal is necessary. Interference measurements for all combinations of UE beams for all UE combinations can be prohibitively complex and unpractical. So, for example, the measurement can be performed using only a limited number of UE beams Bv[m] and Bu[k], such as the beams used in the UL and DL communication with their serving cells.
As before, the cell coverages at both sides of the transmitter and the receiver of the interference signal are divided into a set of smaller coverages with respect to the base station beams, and one representative interference value is determined for each beam coverage combination. More specifically, when the UL interference signals are transmitted by a set of UEs, U(Bn[i]), located in the coverage of beam Bn[i] of cell n, and the interference signals are received and measured by a set of UEs, U(Bs[j]), located in the coverage of beam Bs[j] of cell s, a representative value can be determined for the beam coverage combination as follows:

IUL(DL(Bn[i] ( Bs[j]) = function{ IUE(UE(Bv[m] ( Bu[k] | v ∈ U (Bn[i]), u ∈ U (Bs[j]) ) },
where function represents a means of deriving the representative value and is, for example, the maximum, the average, or a linear or non-linear combination of the interference measurements. The interference table can be either short-term or long-term. The short-term table is constructed from the measurements taken by the UEs currently existing in the cell. The long-term table is constructed from all the measurements taken over a period of time, possibly from the past short-term tables. The interference table can be used for coordination of beams of TRPs to minimize UL-DL inter-cell interferences. The use of the long-term interference table, in particular, greatly reduces the amount of information to be exchanged for interference management.
Proposal 4: UE-UE interference measurements and reports by UEs for UE transmit beam and receive beam combinations are supported to construct UE-UE and UL-DL interference tables. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.
2.5 Beam Coordination for Interference Reduction
In this subsection, we describe a possible beam coordination method for interference reduction based on the interference measurement tables. The interference measurements taken by UEs and TRPs of radio access or wireless backhaul can be collected and combined into tables as described in the previous subsections at the base stations or at network entities responsible for interference management. The interference table values are exchanged among the base stations or the network entities at a rate depending on the short-term or long-term nature of the table. For long term tables, the table values can be exchanged either at a regular time interval of, for example, several hours or a day, or when a significant change in the interference values is observed. For short term tables, the interference tables are obtained from the current active UEs within the cell, and the table values need to be shared at each beam coordination instance.
As for the beam coordination method for interference reduction, either centralized method or distributed method can be adopted. For an ideal backhaul environment in which the time delay for information exchange is very small and the bandwidth is very large, centralized beam coordination based on short term interference values is possible and preferable. However, in many practical cellular communications systems, the backhaul incurs a time delay that is not insignificant and has a limited bandwidth such that the overhead for information exchange should be minimized. For example, in the NR with IAB deployments, some base stations can be connected to the network via wireless backhaul. In this environment, distributed coordination method can be implemented more easily and may be a preferred method to the centralized method. 
In a distributed beam coordination method, radio resources and cells are divided into groups, and cell groups are assigned with priorities to the radio resource groups for cooperative scheduling. More specifically, at each cell, the communication direction and beam are chosen for radio resources in cooperation to the neighbor cells with higher priorities, and then the information is delivered to other neighbor cells of lower priorities for further cooperation. The priorities of the cell groups for radio resource groups can be distributed either equally or biased among the cell groups. For example, for equally distributed priority scheduling, cells are grouped into three groups C1, C2, and C3, and the cell group Ck is given the highest priority for subframes 3n+k, n=0, 1, 2, …, and k=0, 1, 2. For subframes 3n, n=0, 1, …, scheduling is done in the order of C1(C2(C3. The cell group C1 assigns the communication direction and beam, and delivers the information to the cell groups C2 and C3. Then the cell group C2 assigns the communication direction and beam in cooperation with the assignment made by the cell group C1, and delivers the information to the cell group C3. Finally, the cell group C3 assigns the communication direction and beam in cooperation with the cell groups C1 and C2. For subframes 3n+1, the scheduling order is C2(C3(C1. So, the cell group C2 schedules subframes 3n+1 with the highest priority, and the cell group C3 schedules in cooperation with C2, and finally the cell group C1 schedules in cooperation with C2 and C3. For subframes 3n+2, the scheduling order is C3(C1(C2. For a biased scheduling priority method, for example, all the subframes are scheduled in the order C1(C2(C3. The equal priority method can be used for scheduling macro cells, while biased priority method can be used in a heterogeneous network environment in which small cells or multi-hop relay cells co-exist in macro cells. However, when there is a delay in the information delivery via the backhaul, the higher priority cells need to schedule in advance considering the time delay incurred for cooperation by lower priority cells. For example, when there is a backhaul time delay of TBH for information exchange, for cooperative scheduling of a subframe with order C1(C2(C3, the cell groups C1 and C2 need to schedule 2TBH and TBH time in advance compared with C3, respectively.
In a cellular communication system supporting dynamic TDD, at least two cells among three neighboring cells have the same communication direction from one another. Therefore, the scheduler for a cellular system that supports dynamic TDD needs to take into account not only CLI, but also DL and UL inter-cell interferences at the same time for inter-cell interference management. The interference tables and the beam coordination method described as above provide a unified means of inter-cell interference mitigation of all types under dynamic TDD, and therefore are recommended to be used in the NR. 
Proposal 5: gNBs exchange inter-cell interference table values, the communication direction and beam information of radio resources with their neighbor gNBs via backhaul signaling for interference mitigation.
3 Conclusions
We discussed methods of interference measurement table for inter-cell interference managements and made the following proposals.
Proposal 1: TRP-TRP interference measurements for all transmit beam and receive beam combinations are supported to construct TRP-TRP interference tables. Coordination of selecting the TRPs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.

Proposal 2: DL interference measurements and reports by UEs for TRP transmit beam and UE receive beam combinations for interferer TRPs are supported to construct DL interference tables. 
Proposal 3: UL interference measurements for UE transmit beam and TRP receive beam combinations for UEs in interferer cells are supported to construct UL interference tables. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.

Proposal 4: UE-UE interference measurements and reports by UEs for UE transmit beam and receive beam combinations are supported to construct UE-UE and UL-DL interference tables. Coordination of selecting the UEs, the beams and the radio resources for transmitting and receiving the interference measurement signal is necessary.

Proposal 5: gNBs exchange inter-cell interference table values, the communication direction and beam information of radio resources with their neighbor gNBs via backhaul signaling for interference mitigation.
Also the following observation was made.
Observation 1: UL interference tables can be derived from DL interference tables, eliminating the need of UL inter-cell interference measurement for UL inter-cell interference management, provided that the beam patterns and the radio channels are reciprocal in the DL and the UL.
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