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Introduction
The following agreement was made in RAN1 AH#1901 related to the inter-gNB coordination for CLI management:
Agreement
For inter-gNB exchange of intended UL/DL configuration, time-domain resources indication is exchanged.
· The direction of time resources is designated as an intended DL slot(s)/symbol(s) or intended UL slot(s)/symbol(s).
· FFS: whether the remaining region which is not indicated as DL or UL is interpreted as unused or flexible
· FFS: detail message format
· Note: Need to further check this information (e.g. TDD DL/UL configuration, Actually Transmitted SSB, RACH configuration)
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

In this contribution, we discuss the remaining open issues relating to inter-gNB exchange of intended UL/DL configuration, such as the detailed message format, interpretation of remaining resources, and SSB/RACH configuration related exchange. We further present our view regarding other types of coordination message exchanges that have been proposed.
Discussion
How to interpret the resources not indicated as UL/DL
In RAN1 AH 1901, it was agreed to exchange intended UL/DL configuration, but it was left for further study if the resources not indicated as UL or DL are to be interpreted as flexible or unused resources.
Our preferred solution is to divide the time resources of each gNB into fixed and flexible resources and let the network nodes exchange their fixed/flexible resource configurations via backhaul signaling. The transmission directions on the fixed time resources are expected to be static for some foreseeable amount of time (but may change slowly), while the flexible resources can potentially change transmission direction as often as each TTI.
After receiving the configuration of time resources from neighboring gNBs, a given gNB can take the union of the provided configurations to understand if a given transmission direction is common to all gNBs considered, and hence “protected” from CLI. The other resources can then be considered potentially impacted by CLI. An example of the content of such a coordination message is illustrated in Figure 1.  There, slots 1-3 and 9-10 within each radio frame are indicated as fixed DL slots and fixed UL slots, respectively, while slots 4-8 are indicated as flexible.
[image: ]
[bookmark: _Ref877532]Figure 1: Example of fixed and flexible resource indication.
If the interpretation is instead that resources not indicated as UL or DL shall be interpreted as unused resources, the consequence would be that much more frequent dynamic signaling of the intended TDD configuration for each TTI would be needed. In particular, the neighboring gNBs would need to coordinate for each TTI their actual scheduling decisions. As the backhaul signaling is also associated with a delay (typically in the order of 5-15 ms for Xn interface), it is not clear how such short-term signaling can be useful to the receiver as it quickly becomes outdated.  Conversely, interpreting the resources instead as flexible would significantly reduce the backhaul signaling overhead, as well as the backhaul latency requirement. The receiving gNB can instead consider that the fixed/flexible resource indication is valid for the “foreseeable future”, until it receives a new message. 
[bookmark: _Toc1144843]Interpreting the resources not indicated as DL or UL as ‘unused’ incurs much large backhaul signaling overhead and put much more stringent backhaul delay requirements compared to interpreting those resources as ‘flexible’.
The proposed type of more slow scale coordination can be useful even without a central decision node or applying joint scheduling, which is why it may be suitable for inter-vendor information exchange over Xn. Each gNB can individually decide how to best utilize its available radio resources based on the information received from its neighbors. For instance, a gNB may transmit important DL signals/channels, such as SSB and the PDCCH/PDSCH of URLLC traffic in the common fixed DL slots. A gNB may also configure the PRACH resources or other important UL traffic such as URLLC PUSCH in the common fixed UL slots.
[bookmark: _Toc1144850]Any slot/symbol not designated DL or UL is interpreted as a flexible slot/symbol.
The fixed/flexible resource information exchange can be also used to assist a gNB to do more efficient interference measurement resource (IMR) configurations, as was discussed in our contribution to RAN1 AH 1901 [3]. 

Detailed message format
Different alternatives for the detailed message format exchange were discussed in the last RAN1 meeting. We propose a simple message exchange format following the structure of the TDD-UL-DL-SlotConfig IE, where a dl-UL-TransmissionPeriodicity in ms is defined together with a referenceSubcarrierSpacing. Together, these two entities define the number of slots in the TDD periodicity. A list of TDD-UL-DL-SlotConfig can then be given, where each TDD-UL-DL-SlotConfig indicates whether a slot with a certain slotIndex in the TDD periodicity is explicitly configured as either consisting of “all downlink symbols”, “all uplink symbols” or “a number of downlink symbols and a number of uplink symbols”. 
As discussed in the previous section, the slots/symbols which are not configured as UL or DL (i.e. that do not have a corresponding entry in the slotConfigList) are interpreted as flexible.
In typical operation, the gNB could indicate a dl-UL-TransmissionPeriodicity which corresponds to the concatenated TDD pattern periodicity  (or only  if non-concatenated TDD pattern is used). However, if the gNB knows that it will in practice use a TDD pattern with larger periodicity (e.g. by configuring the TDD pattern in SIB1 as containing many flexible resources and then in its implementation overriding, by PDSCH/PUSCH scheduling, some of the flexible resource in, for instance, every other TDD pattern as varying between UL and DL, so that the effective TDD periodicity becomes larger), this can be indicated as well. That is, the intended TDD pattern exchanged over Xn may or may not correspond to any UE-common or UE-dedicated signalling.
An alternative way to construct the message format could be to signal the TDD patterns directly, in a format similar to TDD-UL-DL-ConfigCommon. However, this format is much less flexible and does not save that much data overhead compared to the proposed format. Since this message exchange happens infrequently over the wired Xn interface, the overhead associated with it is not an issue and instead the aim should be to maximize flexibility.
[bookmark: _Toc1144851]Exchange of messages for intended UL-DL is proposed as Intended-TDD-UL-DL-Config IE
Intended-TDD-UL-DL-Config ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms3, ms4, ms5, ms10, ms20, ms40, ms60, ms80, ms100, ms120, ms140, ms160},
    slotConfigList                      SEQUENCE (SIZE (0..maxNrofSlots)) OF TDD-UL-DL-SlotConfig
}

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
        }
    }
}

[bookmark: _Toc872234][bookmark: _Toc872235][bookmark: _Toc872236][bookmark: _Toc872237][bookmark: _Toc872238][bookmark: _Toc872239][bookmark: _Toc872240]
SSB/RACH configuration
Another issue that was discussed in RAN1 AH 1901 was whether it is sufficient to exchange intended TDD pattern, or if additional configurations of SSB resources and/or PRACH resources needs to be exchanged as well. The motivation was that an SSB or PRACH resource configured to a UE can override resources configured as flexible by the common or dedicated TDD configuration, and these resources may be transmitted with a longer periodicity than the TDD pattern periodicity. 
We first note that with our proposal given in the previous section, the gNB could indicate intended UL/DL configuration for a longer effective TDD periodicity than it is possible to configure to a UE and hence it could include the effect of such SSB/PRACH resources.
[bookmark: _Toc1144844]Inter-gNB message exchange of fixed/flexible UL/DL resources can use a longer periodicity than that which can be signaled as TDD periodicity in SIB1, and can hence capture that configured SSB/PRACH resources create a larger effective TDD periodicity compared to the TDD periodicity configured in SIB1
Furthermore, in the XnAP specification [4, the IEs Served Cell Information NR and Neighbour Information NR (defined in clauses 9.2.2.11 and 9.2.2.14 respectively) are defined. These IEs are sent inside messages that are exchanged at two occasions: Xn interface setup and NG-RAN (i.e. gNB) node configuration update.

Both Served Cell Information NR and Neighbour Information NR contais a field called Measurement Timing Configuration which is defined in the TS 38.331 as:
SSB-MTC ::=                             SEQUENCE {
periodicityAndOffset                    CHOICE {
           sf5                                 INTEGER (0..4),
           sf10                                    INTEGER (0..9),
           sf20                                    INTEGER (0..19),
           sf40                                    INTEGER (0..39),
           sf80                                    INTEGER (0..79),
           sf160                               INTEGER (0..159)
},
duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

SSB-MTC2 ::=                        SEQUENCE {
pci-List                            SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                       OPTIONAL,   -- Need M
periodicity                         ENUMERATED {sf5, sf10, sf20, sf40, sf80, spare3, spare2, spare1}
}

The SSB positions bursts are defined in MeasurementTimingConfiguration in a field called SSB-ToMeasure as:
SSB-ToMeasure ::=                   CHOICE {
    shortBitmap                         BIT STRING (SIZE (4)),
    mediumBitmap                        BIT STRING (SIZE (8)),
    longBitmap                          BIT STRING (SIZE (64))
}

ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
      }

Hence, we observe:
[bookmark: _Toc1144845]The exchange of SSB position and periodicity between neighboring gNBs is already possible, according to the current XnAP specification.
Thus, no new signalling needs to be introduced.
[bookmark: _Toc1144852]No additional exchange of SSB resources over Xn needs to be introduced for CLI coordination purpose. 
Regarding the PRACH occasions, it has been already agreed in NR Rel-15 that PRACH occasions in the UL part are always valid, and a PRACH occasion present in symbols configured as flexible is valid as long as it does not precede or collide with an SSB in the RACH slot and it is at least N symbols after the DL part and the last symbol of an SSB. N is 0 or 2, depending on PRACH format and subcarrier spacing, see TS 38.213 for details.
[bookmark: _Toc1144846]Since the gNB already has ‘fixed UL’ slots information based on the exchange as suggested in Section 2.1, a gNB can schedule PRACH occasions such that they fall into these ‘fixed UL’ slots. Therefore, we do not see the need to have PRACH configuration exchange. 

[bookmark: _Toc1144853]The current XnAP specification along with the proposed intended DL/UL configuration exchange is sufficient for gNB coordination and there is no need of SSB/RACH configuration information exchange. 

Exchange of SRS/IMR configurations and other possible information exchanges
It was also discussed in RAN1 AH 1901 if inter-vendor inter-gNB information exchange of SRS configurations for CLI measurement setup should be supported. 
In theory, network performance can be improved by CLI information exchange between gNBs, as it enables more advanced CLI mitigation schemes. However, in practice, there are many challenges, e.g. amount of backhaul signaling, backhaul latency, gNB processing complexity and a lack of a centralized processing, which make it difficult to achieve any significant performance gain via network coordination. The performance gains are even more difficult to realize in multi-vendor scenarios, where the timing and the latency of the Xn message exchange can vary between different vendors. Additionally, different vendors may apply different CLI mitigation schemes, and even if the same CLI mitigation scheme is used, different implementation details between vendors make coordination impractical. In addition, inter-vendor information exchange between gNBs over a standardized interface by necessity has a peer-to-peer structure, where no gNB has a master/slave relationship to the other. The neighboring gNBs only provide information sharing of intended transmission strategies as a supplement, which does not enforce any specific action to the recipient of the message. Moreover, it has been shown through simulations in our companion paper [5] that it is difficult to beat the simple hybrid TDD approach which does not require cross-site coordination even with ideal interference removal.

[bookmark: _Toc1144847]It is difficult to achieve performance gains in practice by network coordination, especially in multi-vendor scenarios.
Moreover, this information exchange would add significant backhaul signalling overhead, as discussed in our paper to RAN1 AH 1901 [3]. In addition, the usefulness of massive information exchange between gNBs, with no central decision unit or negotiation procedure between the nodes, is unclear. Even if the benefit of the UE-level CLI measurements is proved, network coordination of SRS/IMR configurations can done proprietarily.
[bookmark: _Toc1144848]Network exchange of SRS/IMR configurations can lead to significant backhaul signalling overhead without a clear benefit. 
[bookmark: _Toc1144849]Network exchange of SRS/IMR configurations, if needed, can be done proprietarily.
[bookmark: _Toc1144854]No further specified information inter-gNB information exchange other than the agreed intended UL/DL configuration exchange is supported.
Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	Interpreting the resources not indicated as DL or UL as ‘unused’ incurs much large backhaul signaling overhead and put much more stringent backhaul delay requirements compared to interpreting those resources as ‘flexible’.
Observation 2	Inter-gNB message exchange of fixed/flexible UL/DL resources can use a longer periodicity than that which can be signaled as TDD periodicity in SIB1, and can hence capture that configured SSB/PRACH resources create a larger effective TDD periodicity compared to the TDD periodicity configured in SIB1
Observation 3	The exchange of SSB position and periodicity between neighboring gNBs is already possible, according to the current XnAP specification.
Observation 4	Since the gNB already has ‘fixed UL’ slots information based on the exchange as suggested in Section 2.1, a gNB can schedule PRACH occasions such that they fall into these ‘fixed UL’ slots. Therefore, we do not see the need to have PRACH configuration exhange.
Observation 5	It is difficult to achieve performance gains in practice by network coordination, especially in multi-vendor scenarios.
Observation 6	Network exchange of SRS/IMR configurations can lead to significant backhaul signalling overhead without a clear benefit.
Observation 7	Network exchange of SRS/IMR configurations, if needed, can be done proprietarily.

Based on the discussion in this contribution we make the following proposals:
Proposal 1	Any slot/symbol not designated DL or UL is interpreted as a flexible slot/symbol.
Proposal 2	Exchange of messages for intended UL-DL is proposed as Intended-TDD-UL-DL-Config IE
Intended-TDD-UL-DL-Config ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms3, ms4, ms5, ms10, ms20, ms40, ms60, ms80, ms100, ms120, ms140, ms160},
    slotConfigList                      SEQUENCE (SIZE (0..maxNrofSlots)) OF TDD-UL-DL-SlotConfig
}

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
        }
    }
}

Proposal 3	No additional exchange of SSB resources over Xn needs to be introduced for CLI coordination purpose.
Proposal 4	The current XnAP specification along with the proposed intended DL/UL configuration exchange is sufficient for gNB coordination and there is no need of SSB/RACH configuration information exchange.
Proposal 5	No further specified information inter-gNB information exchange other than the agreed intended UL/DL configuration exchange is supported.
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