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1
Introduction
The WI on the cross-link interference (CLI) management with flexible/dynamic TDD [1] includes multiple objectives. In the contribution we address the following objective:
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3].
Notice that the CLI WI target both standardization of network coordination mechanisms for the Xn and F1 interfaces. Furthermore, at RAN1#96, the following was agreed (R1-1903677):
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

In the following Sections, we present specific proposals related backhaul signalling for the NR Rel-16 CLI WI.
2 
Signalling of radio frame configuration
In line with the CLI WI objective and the RAN1#96 agreement, at least allowing cells to share information of their used radio frame configuration shall be included for Xn and F1. The 5G NR frame structure is designed to be highly flexible. A radio frame is 10 ms, and consists of a series of 1 ms subframes. Each radio frame is divided into two equally-sized half-frames of five subframes, each with half-frame 0 consisting of subframes 0 – 4 and half-frame 1 consisting of subframes 5 – 9. A subframe consists of 14 OFDM symbols for cases with normal cyclic prefix, while it equals only 12 OFDM symbols for the case with extended cyclic prefix and subcarrier spacing of 60 kHz. The number of slots per subframe / radio frame depends on the subcarrier spacing. For 15 kHz subcarrier spacing there is one slot per subframe, for 30 kHz there are two slots per subframe, for 60 kHz there are four slots per subframe, and so forth.
A large number of possible slot formats are defined in 3GPP TS 38.213, where “D” indicates downlink symbol, “U” indicates uplink symbol, and “F” is flexible. Hence, “F” could refer to muting or be used for downlink or uplink transmission. As an example, slot format 0 and 1 corresponds to downlink-only and uplink-only slots, respectively. Slot format 36 contain first three downlink transmission symbols, followed by “F” (which could be set to mute for guard period), and ten uplink transmission symbols. For the sake of easy referencing, Table 11.1.1-1from 3GPP TS 38.213 is included in the Annex of this contribution. As per 3GPP TS 38.213, the gNB may dynamically inform the UEs of the used slot format. 

For each cell, parameterization of the subcarrier spacing, cyclic prefix length (normal or extended), carrier bandwidth are “static” or “semi-static” settings that are seldom adjusted. As per today, subcarrier spacing and carrier bandwidth are signalled within the Served Cell Information NR IE, which is carried by the Xn Setup and NG-RAN Node Configuration Update procedures [3GPP TS 38.423]. Cyclic prefix length information is currently missing, but is needed to provide full information of the radio frame configuration. 
· Proposal 1: Add cyclic prefix length information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures) and also the F1 interface.
Given the parameterization of those fundamental PHY layer settings, one 10 ms radio frame will consist of M slots, where M=10 for 15 kHz SCS, M=20 for 30 kHz, M=40 for 60 kHz SCS, and so forth. As typical gNB implementations may not implement and utilize all slot formats, we further propose that gNB could inform other gNBs which formats it support. It is therefore proposed that a gNb should be able to signal a list of the N supported slot formats as part of the XnAP Served Cell Information NR IE. We denote the N supported slot formats for the gNB (or cell at the gNB) by the vector [SupportedSlotFormat_1, SupportedSlotFormat_2,….,SupportedSlotFormat_N], where SupportedSlotFormat_x [0,1,2,…255] as per the NR slot formats defined by 3GPP in TS 38.213. We further propose that a gNB can inform other gNBs which radio frame configurations that are used in its served cell. This information may be signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats defined in TS 38.213.

· Proposal 2: Include radio frame configuration information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures). This information is signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats supported by the gNB (as also signaled on XnAP). Shall also be included for the F1 interface.
· Proposal 3: Enable frequent updates of the radio frame configuration information on the Xn interface, which may require to include this information in a new XnAP procedure). Shall also be included for the F1 interface.
Notice that Proposals 1-3 are in full alignment with RAN1#96 agreement as reported in R1-1903677. For the CU-DU architecture scenario, our implicit assumption is that it is the CU configuring which radio frame configuration the DUs shall use, so signalling of radio frame configuration over the F1 is mainly relevant for CU to DU communication.  
3
Signalling of CLI sensitivity vector

In addition to the inter-gNB radio frame configuration signaling, it is proposed to allow the gNB to also signal a corresponding cross link interference (CLI) sensitivity vector. Signaling of CLI sensitivity vector will offer simple means for gNB to coordinate their selection of radio frame configurations, such that neighboring cells only have opposite link directions for slot indexes where CLI is tolerable, and otherwise try to align their link directions.

The CLI sensitivity vector also has length M, and is intended to inform other gNBs how sensitive the different slots (in the radio frame configuration) are to CLI. For the sake of simplicity, it is proposed to quantize the sensitivity level to three levels, denoted as High, Medium, Low. But, the scheme could of course be further generalized to allow more levels if deemed necessary. In a more advanced form, specific interference thresholds for High, Medium, Low may be configurable, and subject to signaling as well. 

Inter-gNB signaling of the CLI sensitivity vector can e.g. be used as follows:

· Slots where the CLI sensitivity is indicated to be Low basically indicates that neighboring cells can freely change its UL/DL configuration as the cell experiencing the interference is not sensitive CLI. 

· For slots where the CLI sensitivity is indicated to be High, it is of importance to control that the risk of experiencing remote interference is minimized as much possible. That means, the receiving gNB will try to adjust its radio frame configuration accordingly.
· If one gNB (i.e. cells on that gNB) e.g. carries deterministic TSC traffic with strict timing and ultra-reliability requirements, the gNB can set the CLI sensitivity vector to High for those slots where such sensitive traffic is scheduled. The neighboring cells will then try to align use same link direction for those slots.

· If it happens that a gNB is receiving a CLI sensitivity vector that causes it to change its radio frame configuration, the gNB will the new radio frame configuration as per the proposals in Section 2.
· Having support for both inter-gNB signaling of radio frame configuration and CLI sensitivity therefore complement each other and forms a simple solution for enabling gNBs to coordinate their used radio frame configurations such that CLI is managed to the extended where this is needed. 
We therefore suggest:
· Proposal 4: Request RAN3 to include cross-link interference sensitivity information per cell using an XnAP procedure to be defined. 

· Proposal 5: Use vector representation for the cross-link interference sensitivity information, where the n-th element of the cross-link interference sensitivity vector expresses how sensitive the cell is to potential cross-link interference in the n-th slot in the radio frame configuration. It is suggested to quantize the sensitivity level to three levels, denoted as High, Medium, Low.     
4
NW signalling support for UE CLI measurements

It was also concluded at RAN1#96 (R1-1903677) to support two types of UE CLI measurements, namely CLI-RSSI and CLI SRS-RSRP measurements. Using Fig. 1 as a reference, it is e.g. desirable to have the UEs configured to perform UE CLI measurements. If UE A (served by gNB #1) reports too high UE CLI, then gNB #1 should be able to inform gNB #2 of such problems, such that gNB #2 can take appropriate actions to help reduce the harmful effects of UE-2-UE CLI. The actions taken by gNB #2 may e.g. be to adjust some of the UEs it is serving to e.g. apply different power control settings towards using lower output power, or to schedule it on other resources. 
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Fig. 1: Simple case with two gNBs and their respective UEs and the desired and interfering paths.
For a serving gNB to configure its UEs (or a subset of UEs) to performance UE CLI measurements, it shall configure the resource set that UEs shall use for such CLI measurements. According to the RAN1#96 (R1-1903677) agreements, those includes:

· UE CLI SRS-RSRP measurements:

· For SRS transmission for SRS-RSRP measurement purpose, no new SRS resource set usage is introduced.

· For SRS-RSRP measurement, one or more SRS resource per serving cell can be configured.
· For SRS-RSRP, the total number of SRS resources to be monitored by a UE should not exceed 32.
· QCL assumption on CLI-RSSI and SRS-RSRP interference measurement resources is up to UE implementation.
However, for gNB #1 to be able to configure UE A with such UE CLI SRS-RSRP measurement configuration, it needs to know the SRS transmission parameter configuration that is used by UEs served by gNB #2. Hence, there needs to be backhaul signalling for gNBs to exchange their SRS configuration (i.e. all relevant parameters for UE CLI SRS-RSRP measurement configuration) over the Xn interface. We therefore propose:
· Proposal 6: Exchange of UE SRS configurations over the Xn interface shall be supported. Enabling one gNB to inform which SRS configuration(s) is/are used for its serving UEs to another gNB.
For gNB #1 to configure UE A with CLI RSSI measurements, it basically has the required knowledge supported over the Xn interface (e.g. subcarrier spacing of gNB #2). 
Once a gNB receive a UE CLI measurement that indicates harmful CLI, it should be possible for that gNB to signaling that UE CLI measurement to a neighboring gNB where the CLI likely may originate from (called the aggressor). The aggressor could then take this information into account and perform actions to hopeful reduce the undesirable CLI effects. Note that from the standard RRM RSRP measurements, the NW already have an idea of which UEs are on the borders between which cells. NR Rel-16 should therefore support that UE CLI measurements could be exchanged between gNBs over the Xn interface, or in the case of CU-DU architecture via the F1 interface. We therefore propose:
· Proposal 7: Exchange of UE CLI measurements over the Xn and F1 interface shall be supported. Exchange of such UE CLI measurements may include associated attributes such as the UE ID (C-RNTI), UE CLI measurement configuration, etc (details FFS).
5
Inter-gNB signalling to identify CLI aggressors
To minimize the signalling between gNBs with SRS configuration and other UE configuration information, it is proposed to analyse options to identify UEs that are potential CLI aggressors. This should be accomplished through a set of Xn procedures that aim to detect potential the aggressor UEs and reporting this information between neighbour gNBs. Referring to Fig. 2, the basic intention is to identify UEs that in the so-called CLI hot zone, marked with the blue circle. As BS U (serving UE U) have various information sources that UE U is close to the boarder towards BS I, it could therefore convey such information to BS I (e.g. informing of the UE U’s SRS configuration, which BS I would need to configure UE K and UE I to enable CLI SRS-RSRP measurement. A potential method of identifying and reporting of CLI aggressors between neighbour gNBs is therefore proposed. The method relies on utilizing the already available information and procedures. 
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Figure 2 Identification of ”CLI hot zone”

So we propose that Xn procedures are introduced, where one gNB can initiate and inform a neighboring gNB of SRS configurations for UEs that are on the border towards the gNB receiving this information. Having such Xn-based signaling in place would help assist the UE CLI measurement framework, and especially NW actions related to deciding which UEs to configure with UE CLI measurements.
Proposal 8: Introduce Xn-signaling, where one gNB can initiate informing a neighboring gNB of SRS configuration(s) of UEs that are in the so-called CLI hot zone, and hence would be useful information for the receiving gNB for configuring UE CLI measurements.
It is NW implementation specific how a gNBs identify UEs that are in the so-called CLI hot zone, and report their SRS configuration to the relevant neighbouring gNB(s). Examples of possible approaches based on currently available information are: 
1. RSRP measurement reports from UEs can be used by the network to roughly determine if UEs are on the border between certain cells, and therefore trigger sending a Xn message to the neighboring cells. 

2. Exploit observed time difference of arrival (OTDOA) information at the UE for each visible gNB as simple triangulation to estimate which UEs are in the border region between different cells. 
3. UE and gNB beamforming measurements (directional) may also be utilized by the network to judge which UEs are potential candidates for being in CLI hot zones, and thus trigger Xn-based exchange of SRS configurations.
It is important to stress here that the above listed 1. to 3. options do not require any additional standardization. Only the Xn-based signalling suggestion in Proposal 7 require standardization. 

6
Conclusion

We conclude the contribution with the following proposals:

· Proposal 1: Add cyclic prefix length information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures) and also the F1 interface.

· Proposal 2: Include radio frame configuration information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures). This information is signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats supported by the gNB (as also signaled on XnAP). Shall also be included for the F1 interface.

· Proposal 3: Enable frequent updates of the radio frame configuration information on the Xn interface, which may require to include this information in a new XnAP procedure). Shall also be included for the F1 interface.
· Proposal 4: Request RAN3 to include cross-link interference sensitivity information per cell using an XnAP procedure to be defined. 

· Proposal 5: Use vector representation for the cross-link interference sensitivity information, where the n-th element of the cross-link interference sensitivity vector expresses how sensitive the cell is to potential cross-link interference in the n-th slot in the radio frame configuration. It is suggested to quantize the sensitivity level to three levels, denoted as High, Medium, Low.     

· Proposal 6: Exchange of UE SRS configurations over the Xn interface shall be supported. Enabling one gNB to inform which SRS configuration(s) is/are used for its serving UEs to another gNB.
· Proposal 7: Exchange of UE CLI measurements over the Xn and F1 interface shall be supported. Exchange of such UE CLI measurements may include associated attributes such as the UE ID (C-RNTI), UE CLI measurement configuration, etc (details FFS).
· Proposal 8: Introduce Xn-signaling, where one gNB can initiate informing a neighboring gNB of SRS configuration(s) of UEs that are in the so-called CLI hot zone, and hence would be useful information for the receiving gNB for configuring UE CLI measurements.
As a starting point for normative work, an XnAP CR covering proposals 1 and 2 is submitted to the present meeting in [2].
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Annex: Slot format table from 3GPP TS 38.213
Table 11.1.1-1: Slot formats for normal cyclic prefix

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any, on detected DCI formats


