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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK1]The revised WID on NR CLI (Cross Link Interference) and RIM (Remote Interference Management) [1] was approved in RAN#82 plenary meeting. In CLI part, RAN1 aims to specify cross-link interference mitigation techniques to support flexible resource adaptation for unpaired NR cells. The detailed objectives for CLI in WID are as follows:
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, 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
       Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 
In Sept. 2017, 3GPP RAN #77 meeting decided to postpone the study of duplexing flexibility in order to ensure the smooth freezing of NR non-standalone (NSA) operation towards Dec. 2017. However, a lot of conclusions and agreements had already been reached in RAN1 during NR SI/WI phase before Sept. 2017. The conclusions/ agreements and evaluations of duplexing flexibility in SI phase was captured in TR 38.802-e20 [2]. In 3GPP RAN1 #90 meeting, the following agreements are reached [3]. The study of CLI WI needs to follow these conclusions /agreements in line with above WI objectives.
Agreements:
· gNB-to-gNB measurement is not specified in NR Rel-15 (i.e., left to NW implementation)
Agreements:
· 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)
Agreements:
· 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 this contribution, we will show our views for UE-to-UE measurement and reporting for CLI mitigation.
 Discussion on CLI-RSRP and CLI-RSSI measurement
The definitions of two candidate metrics for CLI measurement identified in RAN1#90 are copied in introduction section, i.e. SRS-RSRP and RSSI based UE-UE CLI measurement. Whether or not a down-selection of  two metrics 1) SRS-RSRP and 2) RSSI in Rel-16 needs to be considered.
According to above definitions, it can be observed that the main difference between SRS-RSRP and RSSI is that the former (SRS-RSRP) can identify the aggressor UEs by the detection of interfering UE’s SRS, but the latter cannot or has difficulty to identify the aggressors. 
For SRS-RSRP, each measurement UE can identify the aggressors and measure the CLI level from the aggressors through SRS and then report the measurement results to the gNB. The gNB would then obtain the interference information between one or multiple UE pairs, so as to carry out an appropriate CLI mitigation schemes, e.g. scheduling coordination. SRS-RSRP can be used to obtain more accurate information and identify the main aggressors with most CLI mitigation schemes. CLI mitigation schemes based on SRS-RSRP is more targeted and has a better performance.
In comparison with SRS-RSRP, the UE can only obtain the energy information in the configured measurement resource based on RSSI measurement according to above definition. It is difficult for the measurement UE to distinguish the interference type (CLI, SLI or IoT), let alone identify the aggressor UEs. Although through specific configuration or coordination between two gNBs (RSSI measurement resource can be SRS or DM-RS resource), perhaps the measurement UE can identify the interfering UEs in a certain extent. Nevertheless, it is still difficult to get rid of the SLI/IoT from the total received power. The complexity/overhead of coordination and configuration will be increased. Furthermore, the CLI mitigation schemes will be limited if it only relies on the RSSI measurement, e.g. scheduling coordination CLI mitigation scheme based on RB/RBG level could not be used with the RSSI metric for CLI.
Nevertheless, RSSI is a low complexity measurement compared with SRS-RSRP. It only needs to obtain the total energy detection results and does not involve correlation or demodulation on RS sequence. RSSI can be easily obtained and further used for the gNB to assess the total interference level from neighbor cells that the serving UE suffered and then make the corresponding decision. For instance, RSSI measurement results can be used for the gNB to obtain the information of total load in the link and then judge whether downlink scheduling is appropriate, especially for the scenarios without one or a few strong aggressors causing most CLI in RSSI. In comparison, the SRS-RSRP measurement does have a higher complexity, but can identify the aggressor UEs and be used for more precise CLI management schemes. Thus our viewpoint is that we should not down-select either of the two metrics after taking into consideration the collective aspects of potential CLI management schemes, complexity, specification impacts and performance.
Proposal 1: Both SRS-RSRP and RSSI based CLI measurement should be supported in Rel-16.
 SRS-RSRP based UE-UE CLI measurement
 Configuration of measurement resource
· Sounding reference signal
SRS had been agreed as a measurement RS for CLI measurement, i.e. SRS-RSRP, according to the agreement reached in RAN1#90 meeting. In NR Rel-15, SRS can be configured and transmitted with a certain comb-like pattern (transmissionComb = 2 or 4). 
To achieve UE-to-UE measurement (SRS-RSRP), the UE in one cell (e.g., UE1 of Cell#1) should transmit NZP-SRS (Non-Zero-Power SRS) on a configured comb (e.g., Comb #0 in Figure 1) while another UE in another cell (e.g., UE2 of Cell#2) can detect the NZP-SRS on the comb. 
The NZP-SRS may be severely interfered by around UEs (i.e. aggressor UEs) from neighboring cells. In order to accurately measure interference, these aggressor UEs can configured with blanking the comb resource used for transmitting the NZP-SRS of UE1. The blanking comb resource can be named as ZP-SRS (Zero-Power SRS), i.e. these aggressor UEs can transmit the SRS with zero power (e.g., Comb #1 in Figure 1).  
[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK4]To achieve accurate interference measurement and interference source identification, UE1 can also transmit ZP-SRS (Zero-Power SRS) on a specific comb resource (e.g., Comb #1 in Figure 1). UE2 can perform the measurement on Comb #0 (to get SRS-RSRP) and Comb #1 (to get CLI-RSSI without the signal(s) from Cell#1) separately. For example, if the value of SRS-RSRP higher than a predefined threshold while the value of CLI-RSSI lower than the a predefined RSSI threshold, we can know that there is CLI interference and the interference source is Cell#1. Comparing by detecting ID of RS sequence, it is more simple to identify a interference source by the combination of measurements of NZP-SRS and ZP-SRS.
UE2 can realize similarly interference measurement effect as NZP-CSI-RS based and ZP-CSI-RS based interference measurement. Wherein, ZP-SRS design can reuse the pattern of NZP-SRS. Besides, ZP-SRS based measurement can also reuse or refer to the conclusions/agreements on NP-CSI-RS in NR. The benefit is that it simplifies the standardized complexity of ZP-SRS design. Based on this, we suggest that NZP-SRS and ZP-SRS can be used for interference measurement. Besides, NZP-SRS based and ZP-SRS based CLI measurement can refer to the existing conclusions/agreements on NZP-CSI-RS based and ZP-CSI-RS based measurement in NR Rel-15.
[image: ]
Figure 1: NZP-SRS and ZP-SRS Pattern for interference measurement
Proposal 2: In order to achieve accurate interference measurement and interference source identification, NZP-SRS based and ZP-SRS based CLI measurement can be introduced in Rel-16. 
· Periodicity
[bookmark: OLE_LINK7]In NR Rel-15, both periodic, aperiodic and semi-persistent have been supported for NR SRS transmission. While for SRS for CLI measurement, it is expected that at least periodic/semi-persistent SRS transmission should be supported. Wherein, gNB need to configure a periodic value for SRS transmission and the period for SRS measurement to the UE by using a semi-static/static mechanism via backhaul signaling. By the periodic SRS transmission and SRS measurement period information, the UE can easily implement the CLI measurement. Furthermore, the specific periodic value for SRS transmission has not been specified in NR. Based on this, we propose that the periodic value for SRS transmission can be a configurable periodic value according to the different requirements for measurement accuracy and RS overhead.
· Time-frequency Pattern
In NR Rel-15, X-port SRS resource can span N adjacent OFDM symbols within the same slot. Wherein, N is configurable, and it can at least be equal to 1, 2 and 4. In frequency domain, comb levels can be 2 or 4 and is also configurable. Based on this, we think that at least 1 or 2 symbols in N symbols can be supported for periodic CLI measurement. Furthermore, comb levels should be reused as much as possible for CLI measurement.
· Power Control
The dynamic power change of the SRS based on the UL power control (PC) algorithm will increase the complexity of SRS-RSRP based CLI measurement. Thus, we need to define two types of SRS power control algorithms for 1) UL CSI measurement and 2) UE-to-UE measurement as follows: 
· UL CSI measurement: SRS based on the power of which is controlled by the UL PC algorithm.
· UE-to-UE measurement: SRS based on a fixed or semi-static configured power setting. 
For the UE-to-UE measurement power control mechanism, the UE assumes that the power of SRS remains constant unless a new power value is received.
· To avoid potential DL transmission impacts
When the UE performs SRS-RSRP or RSSI based CLI measurement, the impact of potential DL transmission in measurement resources should be eliminated. One possible solution is to allow the DL transmission around the measurement resource of SRS-RSRP or RSSI to be punctured or use rate matching.
 Measurement reporting
The SRS-RSRP based CLI measurement results could be reported to the gNB for the CLI management. Layer 3 RSRP reporting can be considered as a baseline. In addition, there are the following methods for consideration:
· Method 1: UE reports all the measurement results e.g. SRS-RSRP between itself and all measured UEs to its gNB. Reporting all the measurement results of all measured UEs would result in excessive overhead.
· Method 2: UE reports the measurement results of some measured UEs with the largest CLI or SRS-RSRP imposed on the UE to its gNB. For example, UE reports the measurement results of top three interfering/ measured UEs to the gNB.
· Method 3: Only when the measurement results meet certain conditions, UE will report the corresponding measurement results. For example, UE will report measurement results only if the measurement results exceed the pre-setting threshold value or satisfy the measurement event used for trigger reporting. The measurement event can be defined based on the relationship between CSI-RS based RSRP and RSRP.
From the point of saving overhead, method 2 or 3 may be a better choice. If the CLI level is below threshold value, UE can ignore it directly and does not have to inform the gNB. According to the measurement results, gNB decides whether to re-configure DL/UL transmission direction/priority, or whether and how to perform CLI mitigation schemes. 
 RSSI based UE-to-UE CLI measurement
 Configuration of measurement resource
· [bookmark: _GoBack]Measurement resource
In order to adjust the DL scheduling strategy in a timely way, the UE can perform RSSI based CLI measurement before it is scheduled for DL reception. UE should be configured with a set of resource elements/blocks to measure CLI interference. The candidate resource of the existing UL RS can be considered, e.g., the candidate resource of SRS. Based on this, we think the configuration of RSSI measurement resource can reuse the configuration of the existing SRS resource. Furthermore, if the candidate configuration of SRS resource is reused for RSSI based CLI measurement, it can be configured at the beginning of data transmission. 
Proposal 3: The set of resource elements configured for RSSI-based CLI measurement can be based on SRS resource.
· Periodicity
[bookmark: OLE_LINK33]For RSSI based CLI measurement, UE can be configured with long periodicity measurement when it experiences stable interference environment. But for the fast-changing interference environment, the UE can be configured with short periodicity measurement. Thus the periode for RSSI based measurement RS can be configured more flexible. In addition, aperiodic measurement can be also considered. This is to say, UE can be triggered to do measurement when there is upcoming traffic so that according to the measurement RSSI value, gNB can adjust the DL scheduling strategy for the UE. Therefore, we propose that aperiodic RSSI based measurement should be supported.
· To avoid potential DL transmission impacts
When the UE performs SRS-RSRP or RSSI based CLI measurement, the impact of potential DL transmission in measurement resources should be eliminated. One possible solution is to allow the DL transmission around the measurement resource of SRS-RSRP or RSSI to be punctured or use rate matching.
 Measurement reporting
There are two types of RSSI reporting that can be considered: One is periodic reporting. The reporting periodicity can be configured together with the configuration of RSSI measurement resource. The other is aperiodic reporting. The reporting can be triggered by DCI.
 Transmission Timing advance
Assuming two cells synchronization, the transmission timing of measurement SRS is the same as the transmission timing of PUSCH for UE in one cell, then the timing misalignment between desired signal and received measurement SRS will certainly exist for adjacent UE in another cell. The timing misalignment will increase the difficulty and complexity of CLI mitigation and weakens the performance of duplexing flexibility. In order to solve this issue, the transmission timing of measurement SRS can be adjusted. Nevertheless, if the timing of PUSCH is also adjusted, then the timing of the adjacent cell and its serving UEs will also be affected. Thus, we propose that the measurement SRS can have a different transmission timing from PUSCH.
Proposal 4: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH.
 Conclusion
In this contribution, we discuss UE-to-UE measurement and reporting for CLI mitigation, and have the following proposals: 
Proposal 1: Both SRS-RSRP and RSSI based CLI measurement should be supported in Rel-16.
Proposal 2: In order to achieve accuratey interference measurement and interference source identification, NZP-SRS based and ZP-SRS based CLI measurement can be introduced in Rel-16. 
Proposal 3: The set of resource elements configured for RSSI-based CLI measurement can be based on SRS resource.
Proposal 4: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH.
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