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1
Introduction

This contribution relates to the ongoing 3GPP NR WI on CLI (cross-link-interference). We address aspects related to configuration and reporting of UE CLI measurements. RAN1 have agreed to support two types of UE CLI measurements: CLI SRS-RSRP and CLI RSSI. At RAN1#96, the following was agreed for those measurements (R1-1903677):

UE CLI SRS-RSRP measurements:

· 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.
· 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. 
UE CLI RSSI measurements:

· 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.
· One or multiple resources for CLI-RSSI measurement can be configured.
· Maximum number of measurement resource for CLI-RSSI measurement is 64.
· In information element of resource configuration for CLI-RSSI measurement, at least following parameters are included
· Number of PRBs and start PRB index for subband indication (note: Configured PRBs are contiguous, the exact number of PRBs is up to RAN4.
· Number of OFDM symbols and first OFDM symbol index in a slot (note: configured OFDM symbols are contiguous, the exact number of OFDM symbol is up to RAN4).
· Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)
· All subcarrier spacings supported in Rel-15 NR for FR1, FR2.
· Subcarrier spacing is a reference unit of time/frequency resource configuration.
· UE operates CLI measurement within the active BWP. 
· The subcarrier spacing for CLI-measurement resource configuration can be same or different from the SCS of the active BWP.
· In information element of resource configuration for CLI-RSSI measurement, following values for slot configuration is used.
· slots10 INTEGER (0..9), slots20 INTEGER (0..19), slots40 INTEGER (0..39), slots80 INTEGER (0..79), slots160 INTEGER (0..159), slots320 INTEGER (0..319), slots640 INTEGER (0..639)}

· Note: Network configures slot duration for CLI-RSSI measurement which is corresponded with one value of periodicity among the periodicity set (i.e. {10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms})
Table. CLI-RSSI measurement periodicity
	SCS(kHz)

Slot duration
	15k Hz
	30 kHz
	60 kHz
	120 kHz

	10 slots
	10 msec
	
	
	

	20 slots
	20 msec
	10 msec
	
	

	40 slots
	40 msec
	20 msec
	10 msec
	

	80 slots
	80 msec
	40 msec
	20 msec
	10 msec

	160 slots
	160 msec
	80 msec
	40 msec
	20 msec

	320 slots
	320 msec
	160 msec
	80 msec
	40 msec

	640 slots
	640 msec
	320 msec
	160 msec
	80 msec


Furthermore, at RAN2#106 the following agreements were reached:
· RAN2 aims to reuse the existing RRM procedures as much as possible for measurements configuration and reporting of SRS-RSRP and CLI-RSSI measurements and minimize the impact on RRC specification.

· FFS Whether to Extend MeasObjectNR to include the SRS-RSRP and CLI-RSSI measurement resource configuration or specify a new measurement object specific for CLI measurements.

· Extend ReportConfigNR to support the SRS-RSRP and CLI-RSSI measurement reporting configuration.

· Layer 3 filtering is applied to the SRS-RSRP measurement.

· Layer 3 filtering is applied to the CLI-RSSI measurement.

· Extend MeasurementReport message to report the measurement result of SRS-RSRP or CLI- RSSI measurement

· The periodic measurement reporting is supported for both SRS-RSRP and CLI-RSSI measurements (this does not preclude also supporting event triggered reporting)

Finally, at RAN3#104, the following was concluded related to inter-node signalling of intended DL-UL configuration (aka TDD switching pattern):

· Cross-link Interference handling
· Intended TDD DL-UL Configuration information:
· confirmed included in Served Cell Information NR (Xn Setup / Configuration Update)
· but removed from neighbour information IE
· No other signaling was agreed.
· Stage 2
· Overall functional description: TS 38.300 – R3-193234
· Description of split architecture: TS 38.470 – R3-193235
Given the above listed RAN1-RAN2-RAN3 agreements related to UE CLI measurements, we high-light in Section 2 that additional inter-node (i.e. Xn- and F1-based) signalling is needed to enable a serving gNB to configure its UEs with CLI measurements. In section we further propose enhancements to that allows a gNB to more clearly decide which UEs it makes sense to configure CLI measurements. The latter is of importance as it is desirable for a gNB to only configure relevant UEs to performance CLI measurements, and not all in a cell, as CLI measurement also comes with costs in terms of signalling and additional UE tasks. The contribution is concluded in Section 4. 
3
NW signalling support for UE CLI 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:
· Observation 1: Exchange of UE SRS configurations over the Xn interface shall be supported as this is needed for a gNB to configure its UE(s) with CLI measurements. 
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 draw the following observation:

· Observation 2: 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 (subject to RAN2 conclusion on UE CLI Measurement-Object details).
4
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.

Observation 3: 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.

6
Conclusion

We conclude the contribution with the following observations:

· Observation 1: Exchange of UE SRS configurations over the Xn interface shall be supported as this is needed for a gNB to configure its UE(s) with CLI measurements. 
· Observation 2: 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 (subject to RAN2 conclusion on UE CLI Measurement-Object details).
· Observation 3: 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.
Given these observations, it is clear that further RAN3 standardization of Xn- and F1-based signalling is needed to have a fully working solution in Rel-16, where gNBs have the required information to configure their UEs with CLI measurements, and also to exchange such measurements between network nodes (gNBs, and CU-DUs) to gain from such measurements. The already agreed standardization of Xn- and F1-based of intended DL-UL configuration therefore needs to be completed by additional RAN3 standardization.
We therefore propose that RAN2 send an LS to RAN3, kindly asking for standardization of inter-gNB exchange of SRS configurations used in different cells, as well as options for exchange of received UE CLI measurements between network elements over Xn (i.e. between gNBs) and F1 (i.e. between CU-DUs). Notice that this is needed because of the listed agreements related to the CLI WI from RAN1-RAN2-RAN3 (see introduction).
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