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Introduction
In RAN #81, the following WI on the cross-link interference management with flexible/dynamic TDD [1] was agreed.
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 

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

· Identify when cross-link interference mitigation techniques based on such measurement(s) provide benefits with practical RF performance [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
In this contribution we focus on the first objective related to UE cross-link interference (CLI) measurements.
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Discussion on methods to deal with dynamic TDD Cross Link Interference (CLI) measurements
When two neighboring cells use the same TTI for transmission in opposite directions, i.e., DL v/s UL, the UL transmission of a UE in the UL cell can cause significant interference to a neighboring UE in the DL cell trying to decode a DL transmission, especially, if the two UEs are too close to each other. It should be possible to avoid this problem by not scheduling of such nearby UEs in two different cells simultaneously for DL and UL transmissions. This would need some coordination between the two cells. Note that such coordination would be aided by the fact that the UL scheduling decision needs to be made ahead of the DL scheduling decision given that the UL schedule needs to be conveyed to the UE ahead of time to give it some processing time. Thus, the UL cell can convey the information on the UEs it scheduled in the UL to the DL cell, and the DL cell can then make use of this information to avoid scheduling UEs that are close to the scheduled UL UE. To enable this, we propose that UEs measure SRS/DMRS transmissions from neighbor cell UEs and report these measurements to their serving gNBs. UEs may report only the identities of the strongest interferers so that the serving DL gNB may avoid scheduling such DL UEs that have a strong interference from the scheduled UL UEs in neighbor cells (see Illustration in Figure 1). These measurements should ideally take into account the DL receive beamformer and the UL transmit beamformer at the UEs. The DL UE should measure the interference for the choice of DL receive beamformer aligned with what the UE would use to receive the transmissions from its serving gNB. Similarly, the UL SRS/DMRS interference measurement should be made for the choice of UL transmit beamformer aligned towards transmission to its serving gNB. These measurements would also aid the serving gNB to make its link adaptation decisions based on knowledge of the measured interference and the knowledge of the scheduled UL UE in the neighboring UL cell. To aid the UE making these measurements, the UEs may be informed of the UL SRS/DMRS configurations of neighboring cell UEs, or these configurations may be determined by the UE blindly. 
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Figure 1: Illustration of UL-to-DL interference mitigation using SRS/DMRS interference measurements

This would need the scheduling and/or SRS/DMRS information of neighbor cell UL UEs to be informed to the DL cell’s UEs. Another approach could be blind detection of neighbor cell’s UL UEs’s DMRS transmission by DL cell’s UEs. Such measurements may be reported by the DL cell’s UEs to its serving cell, which then correlates that with the scheduled UL UE in the neighboring cell.

Proposal 1: NR should support UEs measuring, and reporting of the interference from the neighboring cell UEs’ SRS/DMRS transmissions. 

3
Discussion on CLI concepts and methods to be analyzed
UE CLI measurement configurations

· One of the key topics to be analyzed for this WI is the UE configuration for CLI measurements. The topics needed to be analyzed and agreed the configuration of and information to be transferred to the interfered UEUE CLI measurement triggering mechanism, when to measure CLI
· CLI metrics: RSRP, RSSI
· UE periodic CLI measurements

· UE autonomous CLI measurements

· UE Complexity impact

· Mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· Transmission timing advance of SRS for CLI measurement
· UE CLI measurements for initial access to remove CLI in the random-access procedure
Proposal 2: NR should support methods to allow the UE to measure CLI based on gNB configured CLI measurements, gNB periodic CLI measurements, and UE autonomous CLI measurements. 

Proposal 3: NR should support methods to allow the UE to measure CLI during RRC connection state and during initial access procedures. 

UE CLI measurements

There are many options for the CLI measurements to be based on. This section lists the open options to be analyzed.

· UE CLI reference signals to be used (SRS vs. DMRS)

· DMRS is used by the receiver to produce channel estimates for demodulation of the associated physical channel. The design of DMRS is specific for each physical channel – PBCH, PDCCH, PDSCH, PUSCH, and PUCCH. In all cases, DMRS is UE specific, transmitted on demand. DMRS is allocated together with the UE being scheduled, and typically it is now known by other UEs that a UE is scheduled. 
· SRS is used for UL channel sounding. The design supports UL link adaptation and scheduling, but in reciprocity operation also downlink precoder selection, link adaptation and scheduling, e.g., for massive multi-user MIMO. It is important to mention that SRS configuration for UEs is semi-static (i.e. RRC configured) and hence available independently of how the UE is dynamically scheduled.
· UE CLI measurements options: RSRP vs. RSSI

· RSRP measurements requires information on which reference symbols to measure – information on interfering UE required

· RSSI can be used to measure wideband interference (not UE specific)

· Power control 
· The UE exploits power control and the level of interference can vary depending on the channel conditions and the power control settings. The impact of power control should be studied in related to CLI measurements. 
· Beamforming
· The UE beamforming, especially for FR2 will highly impacting interference and measurements
· Mobility and UE rotations
· The UE CLI will vary significantly with mobility and rotations. This impact should be clarified aand studied
Proposal 4: NR should support methods to allow the UE to measure CLI based on SRS and DMRS reference information from the interfering UE. Proposal is to initially use SRS for CLI with an option to use DMRS.  

Proposal 5: NR should support methods to allow the UE to measure CLI based on RSSI and RSRP depending on the prior knowledge of the interfering UE. 

UE CLI reporting

CLI reporting from the UE to gNB can be done as a response to the CLI measurements triggers listed above. However, there are many scenarios where CLI measurements are thereby CLI reporting from the EU to gNB are not link with a measurements request. Such scenarios include:

· Reporting triggers/events (related to the scheduling)

· Initial access

· Periodic CLI measurements

· Autonomous CLI measurements
Furthermore, reporting formats minimizing signaling overhead and reporting threshold needs to be analyzed and agreed. 
Proposal 6: NR should support methods to allow the UE to report CLI measurements based on both gNB request and UE triggering conditions as configured by the gNB. 
5
Conclusion
In this contribution, we made the following proposals for handling the new UE CLI measurements to minimize interference in dynamic TDD. 

Proposal 1: NR should support UEs measuring, and reporting of the interference from the neighboring cell UEs’ SRS/DMRS transmissions. 
Proposal 2: NR should support methods to allow the UE to measure CLI based on gNB configured CLI measurements, gNB periodic CLI measurements, and UE autonomous CLI measurements. 

Proposal 3: NR should support methods to allow the UE to measure CLI during RRC connection state and during initial access procedures. 

Proposal 4: NR should support methods to allow the UE to measure CLI based on SRS and DMRS reference information from the interfering UE. Proposal is to initially use SRS for CLI with an option to use DMRS.  

Proposal 5: NR should support methods to allow the UE to measure CLI based on RSSI and RSRP depending on the prior knowledge of the interfering UE. 

Proposal 6: NR should support methods to allow the UE to report CLI measurements based on both gNB request and UE triggering conditions as configured by the gNB. 
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Annex – Simulations results

The interference level expected from UE to UE interference has been simulated and outlined in this annex. 
Main simulation assumptions 

	Parameter
	Value

	Environment
	3GPP-UMA, one cluster, 21 cells, 10 UE/cell

	UL/DL channel bandwidth
	10 MHz, TDD

	TDD mode
	Synchronized

	Antenna setup
	8 @ BS, 2 @ UE

	Frame configuration
	7 TDD frames (LTE-eIMTA)
10 subframes of 1 ms
TTI = 1 ms

	TDD periodicity
	10 ms (radio frame)

	Traffic model 
	FTP3 model
Pkt size = 500 Bytes

	Offered average load per cell
	DL:UL = 2:1 (20:10) Mbps 
DL:UL = 1:1 (15:15) Mbps 
DL:UL = 1:2 (10:20) Mbps

	User scheduler
	Proportional fair


UE-2-UE CLI statistics
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Figure 2: How CLI samples are collected? – a UL-to-DL (UE-UE) CLI example
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Interference from same PRB index in adjacent gNBs, with the same transmission direction, are considered as inter-cell intra-direction interference (ICI).
How is CLI power measured?
The interfered receiver applies an MMSE-IRC detector. The detector assumes perfect knowledge of the desired, CLI channel responses and of the noise power. Aditionally, the detector assumes no ICI. It then computes a CLI+noise covariance matrix. 

The CLI power depicted in the figures below is measured both on:

1. the received signal, before any processing, and it is denoted as pre-IRC CLI.

2. The signal seen by the receiver at the output of the MMSE-IRC detector, and it is denoted as post-IRC CLI in the following figures. 

A CLI sample each represents the amount of the CLI interference on a given PRB for certain UE in specific gNb, coming from adjacent PRBs, that serve certain UEs in other gNBs, and DOES have opposite transmission direction.  

UE-2-UE CLI results
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Figure 3 Sample results: DL:UL = 2:1
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Figure 4 Sample results: DL:UL = 1:1
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Figure 5 Sample results: DL:UL = 1:2
