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Introduction
At the RAN1#90 meeting, TRP-to-TRP interference measurement was discussed for NR duplexing and the following agreement was achieved [1]:
	Agreements at RAN1#90 meeting:
· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)


In addition, the details of UE-to-UE interference measurement were also discussed and following agreements were reached [1]:
	Agreements at RAN1#90 meeting:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)

· Definitions of metrics for CLI:
· 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 the UE
· For SRS-RSRP based UE-UE CLI measurement  
· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement
· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]
· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· For RSSI based UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism
· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement
· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement
· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement
· To conclude whether or not to down-select the above two approaches in the next meeting




In the last RAN1 meeting, the definitions of metrics for CLI, i.e., SRS-RSRP and RSSI were agreed and details on SRS-RSRP-based and RSSI-based UE-to-UE CLI measurement were discussed. However, whether or not to down-select these two approaches has not been decided yet.
In this paper, we provide our views on UE-to-UE interference measurement for duplexing flexibility.
Discussion on UE-to-UE measurement
As discussed in last RAN1 meeting, two approaches can be considered for UE-to-UE interference measurement:
· Approach 1: SRS-RSRP based UE-to-UE CLI measurement
· Approach 2: RSSI based UE-to-UE CLI measurement
One main benefit of SRS-RSRP based UE-to-UE CLI measurement is to identify the interfering UEs. However, this will increase the UE measurement complexity and lead to large overhead. On the one hand, to identify the interfering UEs, the victim UEs need to know the SRS sequence of interfering UEs and decode the sequence for each interfering UE. When the number of aggressor UEs is large, this will increase the measurement complexity significantly. On the other hand, to reduce the measurement complexity, SRS can be configured on specific time/frequency resource and interfering UEs can be identified by the time/frequency location of SRS. However, this will casue significant measurement overhead. Although SRS-RSRP without UE identification may not have issues on complexity and overhead, performance gain comprared to RSSI would be marginal. In fact, in this case, RSSI-based measurement is sufficient. Considering the above aspects, we have the following proposal:

Proposal 1:
· RSSI-based UE-to-UE interference measurement is supported for flexible duplex.


2.1  Details on RSSI based UE-to-UE measurement
For RSSI-based UE-to-UE CLI measurement, one issue is about the measurement resource configuration. In the last RAN1 meeting, it was agreed that UE can be configured with a set of resource elements to measure UE-to-UE CL interference. The details are still FFS. Generally, two options can be considered for the set of resource elements configuration:
· Option 1: the set of resource elements is SRS resource, i.e., SRS-based measurement.
· Option 2: the set of resource elements is DMRS resource, i.e., DMRS-based measurement.
For option 1, two approaches can be considered for RSSI-measurement. One approach is SRS-based measurement without UE identification. In this way, victim UE can only measure the total received power on the meaurement resource. One concern about this appraocah is that SRS is always transmitted for RRC-CONNECTTED UEs regardless of whether the UEs are scheduled, therefore, when the UE is not scheduled while SRS is transmitted, SRS-based interference measurement may overestimate the CLI level. Besides, considering SRS is not transmitted together with scheduled data, so it may not reflect the actual interference level during a certain measurement period.  Another approach is SRS-based measurement with UE identification. In this case, interfering UEs can be identified if time/frequency resource specific SRS is configured. However, since code-domain multiplexing SRS cannot be distinguished by RSSI based measurement, the measurement overhead needs to be considered. To estimate the possible SRS overhead, we observe the number of active UEs in indoor hotspot scenario as shown in Fig.1. It can be seen that when MMSE-IRC is used for gNB-to-gNB interference mitigation, the number of active UEs in the network ranges from 0~18. In fact, the number of active UEs is smaller than 10 in most cases. In this sense, the measurement overhead is not very significant. 
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Fig.1 Number of active UEs in indoor hotspot scenario
For option 2, the RSSI measurement on DMRS resource can reflect the actual CLI level since DMRS is always transmitted with scheduled data and same beamforming/precoding are applied for DMRS and the scheduled data. RSSI measurement on PUSCH will also provides similar measurement results. Therefore, RSSI measurement on DMRS can reflect interference due to actual PUSCH transmission. However, it cannot provide UE identification since DMRS sequence is generally UE-specific. In our view, since SRS-based measurement can provide UE identification with considerable overhead, it is more benefitical for UE-to-UE interference mitigation.

Proposal 2:
· For RSSI-based UE-to-UE interference measurement, the set of resource elements can be SRS resource.
Another issue on RSSI-based measurement is whether the specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement. To enable necessary network coordination, it is better to separate downlink interference and cross-link interference. One way is to estimate the total interference including downlink interference and cross-link interference and subtract the downlink interference obtained by DL measurement from the total interference. Another way is to avoid potential DL transmission in the RSSI measurement resource. In this case, only UE-to-UE interference is measured on the RSSI measurement resource elements. For the first method, since the downlink interference obtained by DL measurement and cross-link measurement is very different, the estimated UE-to-UE interference using this way cannot reflect the real interference. Therefore, it is better to avoid potential DL transmission in the RSSI measurement resource. However, if intended resource for RSSI measurement is SRS, potential DL transmission on the SRS resource can be avoided by NW implementation.

Observation 1:
· [bookmark: _GoBack]Potential DL transmission in the RSSI measurement resource elements can be avoided by NW implementation if SRS resource is used for the measurement.

2.2  Further enhancement on RSSI-based measurement
For RSSI-based measurement, if mutiple UEs are transmitting SRS in the resources configured for RSSI measurement, it is not possible to provide UE identification. In this case, the measured cross-link interference level based on RSSI may change dynamically since the UL/DL transmission direction is dynamically changed. One possible way is to estimate the instanoeus interference level, however the measurement and reporting complexity and overhead would be very significant. To ensure the measurement accuracy with considerable complexity and overhead, multiple interference measurement processes can be configured to reflect the different cross-link interference hypothesis due to dynamic UL/DL change. As shown in Fig.2, to measure the different interference hypothesis for the UE in cell A, four interference measurement processes can be configured as shown in the right table. On IMR 1, victim UE in cell A can predict the interference hypothesis without cross-link interference. On IMR 2, the victim UE in cell A can predict the cross-link interference from both cell B and cell C. On IMR 3 and IMR 4, the victim UE can predict the cross-link interference from cell B and cell C, respectively. With these measurement results, coordination among gNBs can be performed. Since the intended UL/DL transmissin direction can be exchanged among gNB via backhaul, it is easy to configure different IMR processes for the victim UE by its serving gNB. Feasible number of measurement process in terms of UE complexity needs to be identified.
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Fig.2 Multiple IM processes
Based on the above discussion, we have the following proposal:
Proposal 3: 
· For RSSI-based UE-to-UE interference measurement enhancement, 
· Multiple interference measurement processes can be considered to improve the measurement accuracy.


Summary
In this contribution, we presented our views on UE-to-UE measurement for duplex fleixbility. From the discussion, the following proposals are made.
Observation 1:
· Potential DL transmission in the RSSI measurement resource elements can be avoided by NW implementation if SRS resource is used for the measurement.

Proposal 1:
· RSSI-based UE-to-UE interference measurement is supported for flexible duplex.
Proposal 2:
· For RSSI-based UE-to-UE interference measurement, the set of resource elements can be SRS resource.

Proposal 3: 
· For RSSI-based UE-to-UE itnerference measurement enhancement, 
· Multiple interference measurement processes can be considered to improve the measurement accuracy.
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