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Discussion
1. Introduction
The detailed objectives related to Cross Link Interference (CLI) handling for NR in WID [1] are denoted as follows:

	The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 

· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 

· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]

· Target no or very minimal impact on RF requirement

. 

Note: Measurement and coordination mechanisms should be applicable to IAB nodes.


As highlighted in yellow, RAN3 specifies network coordination mechanism to exchange intended DL/UL configuration between NG-RAN nodes and IAB nodes. In this contribution, we focus on XnAP and F1AP procedures for exchange of intended DL/UL configuration and the information to be included into the intended DL/UL configuration, and provide our view on them.
2. Discussion
2.1 How to signal intended DL/UL configuration between NG-RAN nodes

In order to exchange the intended DL/UL configuration between NG-RAN nodes over Xn interface, the following options may be considered:
· Option 1: NG-RAN node Configuration Update procedure

· Option 2: New class 2 non UE-associated procedure

In Option 1, the intended DL/UL configuration may be sent using the NG-RAN NODE CONFIGURATION UPDATE message to neighboring NG-RAN node because this configuration is cell specific information. However, this option needs the response message that there may be unnecessary signaling to transfer the intended DL/UL configuration.
Observation 1: Option 1 needs the response message that there may be unnecessary signaling to transfer the intended DL/UL configuration.

The purpose of signaling the intended DL/UL configuration is to mitigate CLI between NG-RAN nodes. So, the procedure in Option 1 is unsuited for this purpose since it is used to update application level configuration data needed for two NG-RAN nodes. Also, in order to support new feature or enhance the existing operation, new interference coordination information between NG-RAN nodes may be added in future. Therefore, it is necessary to define new procedure for transmitting the interference coordination information between NG-RAN nodes.
Observation 2: New procedure which can transfer the cell specific information related to interference coordination between NG-RAN nodes is necessary.
Based on observation 1 and 2, the following proposal is suggested:

Proposal 1: New class 2 non UE-associated procedure should be used to transfer the intended DL/UL configuration to neighbor NG-RAN node.
2.2 Composition of intended DL/UL configuration

According to RAN1 LS [2], it was agreed that the intended DL/UL configuration includes the followings:
	Agreement

For “Intended DL/UL configuration”, per-slot based OFDM symbol level DL/UL region indication is supported.

· Periodicity and numerology (i.e. subcarrier spacing, CP length) are configured.

· A list containing multiple entries of the following:

· Information for indicating slot within a periodicity is configured.

· DL/UL region indication (i.e. all DL or all UL or number of DL symbols and/or number of UL symbols in a slot) is configured for each slot


Figure 1 shows above information contained into the intended DL/UL configuration.
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Figure 1. Intended DL/UL Configuration
In Figure 1, the D, U and F stand for the downlink, uplink and flexible respectively. Periodicity means a cycle that the downlink-uplink pattern is repeated. So, the NG-RAN node which receives the periodicity and the subcarrier spacing values can know the length of one slot and the number of slots within the periodicity.
As shown in Figure 1, the downlink may be configured as “all DL” or “Number of DL symbols” that all or part of symbols in a slot is used as the downlink. In “Number of DL symbols”, the symbols which are not configured as the downlink are unused. That is, for these symbols, it means that the transmitting NG-RAN node does not allocate the radio resource for downlink. Also, “Number of DL symbols” may be configured in the slot (e.g., 4th slot in Figure 1) following the last consecutive full downlink slots at the beginning of each downlink-uplink pattern.

The uplink, in common with the downlink, may be configured as “all UL” or “Number of UL symbols”. In “Number of UL symbols”, the symbols which are not configured as the uplink are unused. Also, “Number of UL symbols” may be configured in the slot (e.g., 14th slot in Figure 1) preceding the first consecutive full uplink slots at the end of each downlink-uplink pattern. As illustrated in Figure 1, the flexible may be configured as “all DL”, “all UL”, “Number of DL symbols”, “Number of UL symbols”, or both “Number of DL symbols” and “Number of UL symbols” in a slot. Because that each slot within each downlink-uplink pattern is used as the downlink or the uplink regardless of all or part of symbols should be indicated, slot index and DL/UL region indication per slot are necessary to be provided.
Proposal 2: The intended DL/UL configuration should include the following information:
· Periodicity;

· Subcarrier spacing;

· Slot index;

· DL/UL region indication: all DL, all UL, number of DL symbols, number of UL symbols.
The way to transfer the information contained into the intended DL/UL configuration is to provide DL/UL region indication per slot corresponding to a given periodicity whenever the intended DL/UL configuration is updated. The NG-RAN node which receives this indication can know each slot is used as the downlink and/or the uplink and take such information into account when to allocate its radio resource. However, this way may have an issue when to consider RACH configuration of the NG-RAN node which provides the intended DL/UL configuration. Until now, there is no signaling between NG-RAN nodes for indicating the RACH configuration which the NG-RAN node is using. Also, according to table 6.3.3.2-2 [3], most of periods (e.g., 10, 20, 40, 80 and 160ms) which the random access preambles can be transmitted in the time resources are longer than the periodicity (e.g., a maximum of 10ms [4]) included into the intended DL/UL configuration. So, the intended DL/UL configuration for downlink-uplink pattern that the uplink slots for RACH are configured and the next downlink-uplink pattern may be additionally transferred as shown in Figure 2. These signaling may be repeated every the period for RACH configuration because the intended DL/UL configuration is provided every update. If the first intended DL/UL configuration in Figure 2 is only transmitted to remove additional configuration transfer, the NG-RAN node which receives it cannot perceive that 27 and 28th slots will be used as the uplink for RACH configuration. Therefore, CLI can be increased because this node may allocate the radio resource for downlink for two slots.
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Figure 2. DL/UL direction configuration per slot
Observation 3: In case of considering RACH configuration of the NG-RAN node which provides the intended DL/UL configuration, there may be an issue on additional transfer of intended DL/UL configuration every the period of RACH configuration.
Observation 4: If the intended DL/UL configuration reflecting RACH configuration is not provided, CLI can be increased because the receiving NG-RAN node may allocate the radio resource for downlink in the slots configured as the uplink for RACH.
Based on observation 3 and 4, the following proposal is suggested:
Proposal 3: The intended DL/UL configuration considering RACH configuration of transmitting NG-RAN node should be provided.

According to slot configuration in [5], common and flexible slots for the downlink-uplink pattern are located in blue circles and red circle respectively as shown in Figure 3. The DL/UL direction of common slots is not frequently changed than one of flexible slots. So, if the DL/UL direction for common slots is not changed during the period for RACH configuration as illustrated in Figure 3, the DL/UL region indication for each common slot of first downlink-uplink pattern (e.g., 1st , 2nd , 3rd , 9 and 10th slots) may be provided just once while one for each flexible slot within the period for RACH configuration (e.g., 4~8th and 14~18th slots) is provided. By doing this, an issue on additional transfer of intended DL/UL configuration every the period of RACH configuration can be solved. In addition, the amount of information provided by the intended DL/UL configuration may be decreased because the DL/UL region indication for common slots is transmitted just once during the period for RACH configuration.
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Figure 3. Common and flexible slots in downlink-uplink pattern

To do this, the periodicity and the DL/UL region indication for common and flexible slots is necessary to be transmitted separately. That is, as TDD-UL-DL-Config defined in [4], TDD-UL-DL-Pattern (e.g., common slots) and TDD-UL-DL-ConfigDedicated (e.g., flexible slots) are separated as below:
TDD-UL-DL-Config information element

-- ASN1START

-- TAG-TDD-UL-DL-CONFIG-START

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {

    referenceSubcarrierSpacing          SubcarrierSpacing,

    pattern1                            TDD-UL-DL-Pattern,

    pattern2                            TDD-UL-DL-Pattern                                                           OPTIONAL, -- Need R

    ...

}

TDD-UL-DL-Pattern ::=               SEQUENCE {

    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},

    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),

    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),

    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),

    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),

    ...,

    [[

    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                                   OPTIONAL -- Need R

    ]]

}

TDD-UL-DL-ConfigDedicated ::=       SEQUENCE {

    slotSpecificConfigurationsToAddModList      SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig           OPTIONAL, -- Need N

    slotSpecificConfigurationsToreleaseList     SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex            OPTIONAL, -- Need N

    ...

}

TDD-UL-DL-SlotConfig ::=            SEQUENCE {

    slotIndex                           TDD-UL-DL-SlotIndex,

    symbols                             CHOICE {

        allDownlink                         NULL,

        allUplink                           NULL,

        explicit                            SEQUENCE {

            nrofDownlinkSymbols                 INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL, -- Need S

            nrofUplinkSymbols                   INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL  -- Need S

        }

    }

}

TDD-UL-DL-SlotIndex ::=             INTEGER (0..maxNrofSlots-1)

-- TAG-TDD-UL-DL-CONFIG-STOP

-- ASN1STOP

Proposal 4: The intended DL/UL configuration should be consist of common and flexible parts separately to reduce signaling overhead.

2.3 Signalling of intended DL/UL configuration in F1 interface

In WID [1], the note is described in detailed objectives related to CLI as follows:
	Note: Measurement and coordination mechanisms should be applicable to IAB nodes.


Above note means that the intended DL/UL configuration of an IAB node should be transmitted to neighbor IAB nodes to mitigate CLI between IAB nodes. Because there is no interface between IAB nodes, F1 signaling between IAB nodes via the IAB donor is necessary to be considered. For this, there are the following possible options:
· Option 1: Use of gNB-DU Configuration Update and gNB-CU Configuration Update procedures;

· Option 2: Use of gNB-DU Configuration Update procedure and new class 2 procedure;

· Option 3: Use of gNB-DU Status Indication procedure and new class 2 procedure.
In Figure 4, signaling for each option is illustrated as below. It is assumed that the intended DL/UL configuration is equal to one transmitted over Xn interface and IAB node 1 and 2 belong to the same IAB donor.
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Figure 4. F1 signaling options between IAB nodes to transfer intended DL/UL configuration

In Option 1, IAB node 1 transmits the SIB1 message IE included into the gNB-DU System Information IE using the GNB-DU CONFIGURATION UPDATE message to IAB donor. This SIB1 message IE contains the TDD-UL-DL-Config which needs to compose the intended DL/UL configuration. Also, the GNB-DU CONFIGURATION UPDATE message may include an indication to notify the IAB donor of change of DL/UL configuration so that the IAB donor triggers the gNB-CU Configuration Update procedure. On receiving this indication, the IAB donor composes the intended DL/UL configuration and sends it using the GNB-CU CONFIGURATION UPDATE message to IAB node 2.
In Option 2, like Option 1, IAB node 1 sends the SIB1 message IE including TDD-UL-DL-Config using the same message. Also, it may contain an indication to inform the IAB donor of change of DL/UL configuration. Unlike Option 1, when to receive this indication, the IAB donor initiates new class 2 message (i.e., GNB-CU STATUS INDICATION message) to transmit the intended DL/UL configuration composed by it to IAB node 2.

In Option 3, IAB node 1 sends the GNB-DU STATUS INDICATION message including the intended DL/UL configuration to the IAB donor. Upon receipt of the message with this configuration, the IAB donor forwards the received configuration using new class 2 message to IAB node 2 as shown in Figure 4.

Option 1 and 2 have unnecessary signaling (e.g., the acknowledge message) to provide neighbor IAB node with the intended DL/UL configuration. Also, in these options, the IAB donor needs to compose the intended DL/UL configuration to be sent to IAB node 2, while, in Option 3, it only forwards the received intended DL/UL configuration to IAB node 2. So, we prefer Option 3 because there are no unnecessary signaling and no composing the intended DL/UL configuration at the IAB donor.
Proposal 5: The gNB-DU Status Indication procedure and new class 2 procedure should be used to transfer the intended DL/UL configuration between IAB nodes.
3. Conclusion
In this contribution, we focused on XnAP and F1AP procedures for exchange of intended DL/UL configuration and the information to be included into the intended DL/UL configuration, and provided our view on them. The following proposal are kindly suggested to RAN3:
Proposal 1: New class 2 non UE-associated procedure should be used to transfer the intended DL/UL configuration to neighbor NG-RAN node.
Proposal 2: The intended DL/UL configuration should include the following information:

· Periodicity;

· Subcarrier spacing;

· Slot index;

· DL/UL region indication: all DL, all UL, number of DL symbols, number of UL symbols.
Proposal 3: The intended DL/UL configuration considering RACH configuration of transmitting NG-RAN node should be provided.

Proposal 4: The intended DL/UL configuration should be consist of common and flexible parts separately to reduce signaling overhead.

Proposal 5: The gNB-DU Status Indication procedure and new class 2 procedure should be used to transfer the intended DL/UL configuration between IAB nodes.
Proposal 6: It is proposed to agree the CRs proposed in [6] for TR 38.423 and [7] for TS 38.473.
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