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Introduction
In this contribution, we discuss signal transmission and measurement for UE-to-UE cross link interference (CLI).
Background
In TDD macro cells, cells are often configured with same TDD UL-DL configuration (i.e., same slot formats) and there is no symbol type (i.e., UL, DL) conflict between symbols of two cells. For small cells, TDD UL-DL configuration may dynamically change to follow the change of traffic pattern. Dynamic TDD configuration results in UE-to-UE cross link interference (CLI) when a UL symbol (i.e., interfering symbol) of a UE in a cell (i.e., aggressor) collides with a DL symbol (i.e., interfered symbol) of another UE in a nearby cell (i.e., victim). Because UE UL transmit power is weak, CLI may only occur between cell edge UEs as shown in Figure 1.


[bookmark: _Ref534987508]Figure 1:Cross link interference between UEs with symbol type conflict.

RAN1-90 concluded that CLI can be measured based on RSRP and RSSI 
· SRS-RSRP: 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
· RSSI: 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 
Measurement can be performed based on the following transmitter UE grouping granularities
· Cell-specific
· Group-specific
· UE-specific
Cell-specific and UE-specific can be considered as special cases of the group-specific CLI measurement.
Measurement Metric
CLI study item concluded that both RSSI and RSRP can be used as the CLI measurement metric. RSSI measurement is relatively simple to realize, but network can only schedule a single group of UEs to transmit in the same symbols. In comparison, RSRP has the advantage that UL transmissions from different UE groups can be differentiated even if these signals are transmitted in same symbols. This makes RSRP measurement more efficient than RSSI. Therefore, RSRP based measurement should be supported for UE-to-UE CLI measurement.
[bookmark: p1][bookmark: _Hlk534902790]Proposal 1: RSRP based measurement should be supported for UE-to-UE CLI. 
Reference Signals
CLI measurement can be performed based on reference signal (RS) transmission from a group of UEs. The RS can be a sounding reference signal (SRS) or a UL channel information state (CSI) RS. In the following we compare the two options.
SRS
A Rel. 15 NR UE is already capable of transmitting SRS. Therefore, SRS for UE-to-UE CLI measurement has nearly no impact on the transmitter UE. However, SRS is generated from the Zadoff-Chu sequence, but a Rel. 15 NR UE only demodulates RSs that are generated from the Gold sequence. Therefore, new digital hardware is needed to realize the demodulation of the CLI SRS. SRS transmission for UE-to-UE CLI measurement is a future-proof design because 
· RSRP and RSSI can be measured from SRS that is transmitted by old UEs (i.e., UEs that cannot demodulate SRS) and new UEs (i.e., UEs that can demodulate SRS). 
· Although an old UE cannot measure RSRP from SRS, it can still measure RSSI from SRS transmitted by both old and new UEs.
Therefore, at least RSSI measurement is doable for any UE that can or cannot process SRS.
NR Rel. 15 has a constraint that SRS is only transmitted in the last 6 UL symbols. In some cases, there is no DL symbol at the victim UE that corresponds to a UL symbol in the last 6 symbols. For example, in Figure 2, the SRS transmission constraint has to be relaxed if a SRS transmitted by UE2 should be received by UE1. Otherwise, network has to intermittently configure slots that contain at least one DL symbol in the last 6 symbols for UE1 to measure the CLI SRS from UE2. 


[bookmark: _Ref534988764]Figure 2: Relaxation on SRS transmission location.

[bookmark: p2]Proposal 2: for CLI UE-to-UE measurement with SRS, revisit the NR Rel.15 constraint that SRS transmission is allowed only in the last 6 UL symbols after PUSCH. 
CSI-RS
DL CSI-RS for measurement is already supported by Rel. 15 NR UEs. Therefore, adopting CSI-RS for UE-to-UE CLI measurement requires no change to the receiver UE. However, Rel. 15 UEs do not support UL transmission of the CSI-RS. It means that CLI measurement with CSI-RS is not possible if the transmitter is a Rel. 15 UE. In addition, UL CSI-RS is a new UL waveform for the UE. The testing effort of such a new waveform may not be trivial especially for the RF module. 
Suppose that CSI-RS is adopted as the CLI reference signal for UE-to-UE CLI measurement. Both old UEs (i.e., UE that cannot transmit CSI-RS in the UL) and new UEs (i.e., UEs that can transmit CSI-RS in the UL) can measure the CSI-RS if it is transmitted by a new UE. However, CSI-RS based CLI measurement is not possible even for RSSI measurement if the transmitter is an old UE. Therefore, measurement with CSI-RS is future-proof.
Based on these, we think SRS is more suitable for UE-to-UE CLI measurement from the system design perspective. 
[bookmark: o1]Observation 1: SRS is more suitable for UE-to-UE CLI measurement.
Timing Advance
Within a cell, UL timing advance (TA) is applied to UE’s UL transmission so that signals from different UEs can be aligned at the serving gNB. For UE-to-UE CLI measurement, network can have two options to configure the TA to the CLI reference signal.
· TA of the CLI reference signal is the same as TA of the PUSCH 
· A separate TA is configured to the CLI reference signal so that timing of the reference signal is aligned with DL symbol boundary at the receiver UE
Figure 3 shows the timing relationship between the aggressor and victim UEs. For the UE-to-UE CLI scenario, it is reasonable to assume that distance between the two UEs is much smaller than the radius of the cells. If a same TA is applied, the UL symbol from the aggressor UE is not aligned with the DL symbol boundary at the victim cell. This results in partial overlap between a UL symbol from the aggressor UE and two adjacent DL symbols at the victim UE.


 
[bookmark: _Ref534990092]Figure 3: Timing advance of CLI RS is same as PUSCH.

In this case, a measurement gap of two DL symbols can be configured for the victim UE to receive SRS from the aggressor UE. The configuration can be enabled by UE1’s serving gNB by transmitting no DL channel or signal to UE1. This approach has no spec impact to either the UL transmission or the DL reception at any UE.


[bookmark: _Ref534990620]Figure 4: Measurement gap is configured at the victim UE.

The second option is to apply different (e.g., zero) TA to the CLI reference signal that is transmitted by the aggressor UE. Zero TA may work because
· UE-to-UE CLI normally occurs between nearby cell edge UEs. The distance between the aggressor (i.e., UE1 in Figure 3) and the victim (i.e., UE2 in Figure 3) is negligible, and 
· Cells have similar cell size so that channel delay between UE and gNB (i.e., T1 and T2 in Figure 5) are roughly the same for the aggressor and the victim. 
Under these conditions, when UE1’s CLI reference signal with zero TA arrives at UE2, it is well aligned with the DL symbol boundary of UE2.

 
[bookmark: _Ref534991074]Figure 5: Zero timing advance is configured to CLI RS symbols.

The separate TA is most probably smaller than the regular TA for PUSCH. When separate TA is configured for the CLI reference signal, the CLI reference signal symbol collides with the next UL symbol if the next symbol is configured with a regular TA. To avoid the transmission of overlapping signals from the UE, network needs to configure an empty UL symbol after the CLI reference signal symbol. Then, it is sufficient to configure a single DL symbol as the CL measurement window at the UE that receives the CLI reference signal as shown in Figure 6.
In comparison to the same TA configuration for CLI reference signal transmission, the separate TA configuration requires UE to maintain two TA settings which is not supported right now. To minimize the spec impact, we propose to adopt the same TA approach for the transmission of the CLI reference signal.


[bookmark: _Ref534991142]Figure 6: Measurement gap is configured when zero timing advance is applied to CLI RS.

[bookmark: p3]Proposal 3: when reference signals are transmitted from a UE for CLI measurement, the TA value applied to the corresponding UL symbols is the same as the TA for regular UL transmission from the UE to its serving gNB.
UL Beam and Port
When the CLI reference signal is transmitted by a UE that is capable of UL transmission in multiple analog beams, the UE can in theory transmit the CLI reference signal alternately in multiple beams. However, it is not clear why transmitting the CLI reference signal in a beam that is different than the serving beam is necessary. The serving beam is the current active beam or the most recently used beam. Besides, analog beam switching causes overhead to the transmitter UE’s operation timeline and power. 
When the CLI reference signal is transmitted by a UE that has multiple UL transmit ports, the UE can transmit the CLI reference signal from one port or multiple ports. By following the RRM measurement, the UE can adopt the single port transmission. For example, if the SRS is transmitted from one port, the transmit port can the first port (port 1000) for SRS. When the CLI reference signal is transmitted from multiple ports, the UE can apply a precoding matrix to the CLI reference signal that is the same as the serving precoding matrix. The serving precoding matrix can be the currently used UL precoding matrix or the most recently used one for PUSCH. This would make the SRS transmission very well reflect the spatial characteristics of the PUSCH.
[bookmark: p4]Proposal 4: when reference signal is transmitted from a UE for UE-to-UE CLI measurement, it is transmitted in the serving analog beam. The CLI reference signal can be transmitted from a single port or multiple ports.
Conclusions 
[bookmark: _GoBack]In this contribution, we discussed signal transmission and measurement for UE-to-UE CLI. We have made the following observations and proposals:
Observation 1: SRS is more suitable for UE-to-UE CLI measurement.
Proposal 1: RSRP based measurement should be supported for UE-to-UE CLI. 
Proposal 2: for CLI UE-to-UE measurement with SRS, revisit the NR Rel.15 constraint that SRS transmission is allowed only in the last 6 UL symbols after PUSCH. 
Proposal 3: when reference signals are transmitted from a UE for CLI measurement, the TA value applied to the corresponding UL symbols is the same as the TA for regular UL transmission from the UE to its serving gNB.
Proposal 4: when reference signal is transmitted from a UE for UE-to-UE CLI measurement, it is transmitted in the serving analog beam. The CLI reference signal can be transmitted from a single port or multiple ports.
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