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Introduction

Cross Link Interference Handling[1] is a WI aiming to mitigate cross link interference in NR . RAN3 part working objective is copied from [1] in below.  
	Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]


In this past several meetings, RAN1 discussed this topic and achieved agreement on network coordination mechanism for CLI. In the LS-out [2] to RAN3 and other groups, RAN1 points out that new information “Intended DL/UL configuration” need to be exchange between nodes.
	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


Impact on RAN3 need investigate, in this contribution, we provide our consideration on this aspect.
Discussion
:Impact on RAN3
Since strong cross-link interference can be effectively avoided by carefully coordinating beams, transmission directions, scheduled resources and transmission power, the coordination-based schemes has been identified in SI stage [3] and agreed in WI stage[1][2]. In order to help scheduling coordination, it has been agreed to exchanged intended DL/UL configuration among TRPs. In RAN3 scope, the TRP refer to the node which provides TDD Configuration such as gNB and DU. 

In Xn-C interface, gNBs may exchange “intended DL/UL configuration” information between each other. Based on the information,gNB enforce better scheduling in order to mitigate CLI issue.

In F1-c interface, DUs may exchange “intended DL/UL configuration” via master CU node. Based on the information,gNB enforce better scheduling in order to mitigate CLI issue

Proposal 1:“intended DL/UL configuration” information should be supported in XN and F1 interface.
Based on current understanding, the intended DL/UL configuration exchange is similar as Cell information exchange of XN setup/update and F1 setup/update.Then it is straightforward to reuse these procedures for intended DL/UL configuration exchange. 

Proposal 2: Intended DL/UL configuration IE should be supported in procedures as list below: 

XN Setup (e.g XN SETUP REQUEST, XN SETUP RESPONSE) ,

NG-RAN node Configuration Update (e.g. NG-RAN NODE CONFIGURATION UPDATE, NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE), 

F1 Setup(F1 SETUP REQUEST,F1 SETUP RESPONSE), 

gNB-DU Configuration Update( GNB-DU CONFIGURATION UPDATE, GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE),

gNB-CU Configuration Update (GNB-CU CONFIGURATION UPDATE,GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE).

It is also noting in the agreement of RAN1 Ad-Hoc Meeting 1901,the “intended DL/UL configuration” information is not mandatory for XN interface, then this IE should be optional in XN and F1 interface.
	The indicated configuration is assumed to be valid until a new configuration is received

The above information exchange is not to mandate specific behavior at the receiving gNB

The above information exchange is not to mandate specific behavior at the transmitting gNB


Proposal 3: Intended DL/UL configuration IE should be optional in XN and F1 interface.

In addition, regarding Stage 2 description,we propose: 

Proposal 4: To update Stage 2 description (TS38.300 and TS 38.470 )related to exchange “intended DL/UL configuration”.
:Detail Message Format of Intended DL/UL configuration
Although RAN1 provides the agreement that TRP need to support exchange intended DL/UL configuration, RAN1 does not provide detail Message format of intended DL/UL configuration in LS[2]. It is also noting that there will no more discussion regarding this in RAN1 (e.g. no TU allocated for RAN1#96bis). Then RAN3 need to analysis the impact and provide detail message format for XN and F1 interface. 

Proposal 5: RAN3 to provide detail message format of intended DL/UL configuration.
TDD UL/DL configuration has been defined in current RRC specification [4], the IE “TDD-UL-DL-Config” as shown in [Annex] is a good start for design detail message format of intended DL/UL configuration in XN and F1 interface.

In the flowing sub sections, we provides the uplink/downlink direction indication for cell specific part (TDD Configuration common) and UE specific configurations part (TDD configuration dedicated) and finally provide detail format of intended UL/DL configuration.
TDD Configuration common

The description of TDD configuration for common is defined in [5]. The related definition copied below for easy reference.
	TS 38.213 section 11.1
The higher layer parameter TDD-UL-DL-ConfigurationCommon provides

-
a reference subcarrier spacing configuration 
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 by higher layer parameter referenceSubcarrierSpacing

-
a higher layer parameter pattern1. 

The higher layer parameter pattern1 provides
-
a slot configuration period of [image: image2.wmf]P

 msec by higher layer parameter dl-UL-TransmissionPeriodicity
-
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 with only downlink symbols by higher layer parameter nrofDownlinkSlots
-
a number of downlink symbols [image: image4.wmf]sym
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 by higher layer parameter nrofDownlinkSymbols
-
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 with only uplink symbols by higher layer parameter nrofUplinkSlots
-
a number of uplink symbols [image: image6.wmf]sym
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 by higher layer parameter nrofUplinkSymbols
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Figure 1:Direction indication for TDD Common configuration
The principle of the TDD Common configuration (Cell specific )in NR[5][6][7][8] is: For a periodic, the first X slots are for DL (only), the last Y slots are for UL (only), and the remaining can be flexibly.As shown in figure 1, the slots /symbols in yellow are DL (only), the slots /symbols in green are UL (only) ,others in white are flexible slots /symbols.

In addition, NR allow gNB allocated two sets of configuration which is pattern 1 and pattern 2. The two patterns also shown in figure 1.  
Observation 1:Direction indication for TDD Common configuration is semi-static. 
TDD Configuration Dedicated

The description of TDD configuration for dedicated is defined in [5]. The related definition copied below for easy reference.
	TS 38.213 
If the UE is additionally provided higher layer parameter TDD-UL-DL-ConfigDedicated, the parameter TDD-UL-DL-ConfigDedicated overrides only flexible symbols per slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon. 

The higher layer parameter TDD-UL-DL-ConfigDedicated provides

-
a set of slot configurations by higher layer parameter slotSpecificConfigurationsToAddModList
-
for each slot configuration from the set of slot configurations

-
a slot index for a slot provided by higher layer parameter slotIndex 

....
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Figure 2:Direction indication for TDD dedicated configuration
In order to provide flexibility[5][6][7][8], in addition to cell based TDD common configuration, gNB allowed to configure UE specific TDD UL/DL configuration.However, the TDD dedicated configuration only override flexible part of TDD common configuration.

As shown in the figure 2,the TDD dedicated configuration only override flexible slots (Slots in Blue inside while zone). In each dedicated configuration, the symbol can be configured all downlink , all uplink or part uplink /downlink.   
Observation 2:Direction indication for TDD dedicated configuration overrides flexible part of TDD common configuration. 
Intended UL/DL Configuration

RAN1 discussion conclusion[9] related to intended configuration is copied below for easy reference. 
	R1-1903455
Conclusion: Majority view is that number of DL/UL symbols is used as indication of ‘intended DL slot(s)/symbol(s) or UL slot(s)/symbol(s)’ in order to reflect the combination of 'TDD-UL-DL-ConfigurationCommon' and 'TDD-UL-DL-ConfigDedicated'.


Base on analysis of TDD configuration for common and dedicated ,and based RAN1 conclusion [9] and discussion[6][7][8] , it is clear that intended UL/DL configuration is the combination of TDD common configuration (Cell specific configuration) plus aggregate TDD dedicated configurations (aggregate UE specific configuration).

Based on implementation, gNB collects UE TDD dedicated configurations and aggregate these configurations into one semi-static “common” TDD dedicated configuration. Then gNB obtains intended UL/DL configuration by combining the cell specific TDD common configuration and semi-static “common” TDD dedicated configuration.

Observation 3: Intended DL/UL configuration could be interpreted as combination of Cell specific TDD common configuration and aggregate UE specific TDD dedicated configurations.
gNB sends intended UL/DL configuration to neighbor gNB and update it when new configuration arise.

From neighbor gNB point of view, receiver gNB does not nee to understand the different configuration of Common and Dedicated.And receiver gNB also need not to know the difference between pattern 1 and pattern 2.

gNB only want know the Slot/symbol direction indication of Neighbor .   
Observation 4: Intended DL/UL Configuration only contain Slot/symbol direction indication, The configuration does not contain the difference of pattern 1 with pattern 2 and does not provides difference of TDD dedicated configuration with TDD common configuration.
An example of direction indicator for intended DL/UL configuration is shown in the figure 3: 
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Figure 3:Direction indication for intended DL/UL configuration
As shown in the figure 3, only 1 period (cover pattern 1 and pattern 2) is in use. And in this figure, there is no different between TDD common and aggregated TDD dedicated (by combination). The configuration only provide the result of combination.In addition, the figure shows that each identify semi-static TDD direction indicator can be configured per slot or per symbol. In this way neighbor gNB is easy to learn the intended DL/UL configuration and based on this information, neighbor gNB enforces better schedule to mitigate cross link interference.

Observation 5: Take into account the direction indication for intended DL/UL configuration in figure 3.
Based on the figure 3, an example of the IE design in XN interface for intended DL/UL configuration is shown below:

9.2.2.X
Intended DL/UL configuration
This IE contains Intended DL/UL for the Cross Link Interference (CLI) handling.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	ReferenceSubcarrierSpacing
	M
	
	OCTET STRING
	Contains the SubcarrierSpacinginter, as defined in TS 38.331 [10].

	CyclicPrefix-extended
	O
	
	
	If present , indicate use extended CP.as cyclicPrefix defined in TS 38.331 [10].

	 Dl-UL-TransmissionPeriodicity
	M
	
	ENUMERATED (ms0p5, ms0p625, ms1,ms1p25, ms2, ms3, ms4,ms2p5, ms5, ms10, ms20, ms40, ms60, ms80, ms100, ms120, ms140, ms160...)
	Contains the dl-UL-TransmissionPeriodicity and dl-UL-TransmissionPeriodicity-v1530, as defined in TS 38.331 [10].dl-UL-TransmissionPeriodicity

In addition, the periodicity extend to 160ms for configure flexibility

	>SlotConfig List
	
	
	
	

	>>TDD-UL-DL-SlotConfi Item
	
	1 .. <maxNrofSlots>
	
	

	>>>TDD-UL-DL-SlotConfig
	
	
	OCTET STRING
	Contains the TDD-UL-DL-SlotConfig, as defined in TS 38.331 [10].

	Range bound
	Explanation

	maxNrofSlots
	Maximum no. of Slot . Value is 320, as defined in TS 38.331 [10]


Proposal 6: To adopt Detail Message Format for XN and F1.
3. Conclusion

In this contribution, proposals are:
Proposal 1:“intended DL/UL configuration” information should be supported in XN and F1 interface.
Proposal 2: Intended DL/UL configuration IE should be supported in procedures as list below: 

Xn Setup (e.g XN SETUP REQUEST, XN SETUP RESPONSE) ,

NG-RAN node Configuration Update (e.g. NG-RAN NODE CONFIGURATION UPDATE, NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE), 

F1 Setup(F1 SETUP REQUEST,F1 SETUP RESPONSE), 

gNB-DU Configuration Update( GNB-DU CONFIGURATION UPDATE, GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE),

gNB-CU Configuration Update (GNB-CU CONFIGURATION UPDATE,GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE).
Proposal 3: Intended DL/UL configuration IE should be optional in XN and F1 interface.

Proposal 4: To update Stage 2 description (TS38.300 and TS 38.470 )related to exchange “intended DL/UL configuration”.
Observation 1:Direction indication for TDD Common configuration is semi-static. 
Observation 2:Direction indication for TDD dedicated configuration overrides flexible part of TDD common configuration

Observation 3: Intended DL/UL configuration could be interpreted as combination of Cell specific TDD common configuration and aggregate UE specific TDD dedicated configurations.
Observation 4: Intended DL/UL Configuration only contain Slot/symbol direction indication, The configuration does not contain the difference of pattern 1 with pattern 2 and does not provides difference of TDD dedicated configuration with TDD common configuration.

Observation 5: Take into account the direction indication for intended DL/UL configuration in figure 3.
Proposal 5: Intended DL/UL configuration interpret as combination of Cell specific(TDD Configuration common) and UE specific part(TDD configuration dedicated).
Proposal 6: To adopt Detail Message Format for XN and F1.
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Annex TDD-UL-DL-Config in TS 38.331

	The TDD-UL-DL-Config IEs determines the Uplink/Downlink TDD configuration. There are both, UE- and cell specific IEs.

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
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