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1 Introduction
At the RAN1 #87 meeting, it was agreed that NR shall [1]
· 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, by comparing details on SRS-RSRP based measurement and RSSI based measurement, we suggest to adopt RSSI based measurement for NR dynamic TDD.  
2 Considerations on CLI measurement 

In choosing CLI measurement metrics and schemes, the following aspects shall be considered: 
1) Ability to obtain interference profile when needed
Interference profile provides information on the potential interference sources and the interference levels. With knowledge on interference profile, the cells can coordinate on resource allocation and transmission so that the interference can be proactively controlled. 
2) Ability to conduct one-shot interference measurement when needed 
One-shot interference measurement can capture the instantaneous interference (including TRP-UE interference and UE-UE interference) and closely reflect the interference that could potentially be experienced by an upcoming data transmission. One shot measurement is especially beneficial when the interference environment is dynamic (for instance, due to dynamic data traffic, mobility and/or beamforming). 
3) Backhaul dependency

CLI measurement shall provide information to enable interference management under various backhaul conditions. As a basis, cross-link interference should be able to be properly managed without low-latency backhaul. On the other hand, when low-latency backhaul presences, the information obtained from CLI measurement shall be able to enable better cross-link interference management. 
4) Complexity, accuracy and overhead
The system complexity (including complexity on measurement, signaling to schedule/assist measurement, measurement reporting) shall be carefully watched out. Overly complicated design with no or marginal performance benefit shall be avoided. Well-managed complexity is also crucial to meet the Rel-15 NR specification timeline. Mechanism on reducing signaling and reporting overhead shall be considered.  
3 SRS-RSRP based UE-UE CLI measurement
In SRS-RSRP based measurement, UEs measure the SRS transmitted from each other to get the UE-UE interference profile. The measured interference profile can be used to coordinate transmission among TRPs. The performance (in terms of frequency reuse, throughput, etc.) depends on the backhaul capability. Better performance is expected with low-latency backhaul and timely coordination among TRPs. 

On SRS transmission, two options can be considered:
· Option 1: leverage SRS transmission for UL sounding, no dedicated SRS transmission for CLI measurement

· Option 2: configure dedicated SRS transmission for CLI measurement

Option 1 does not need a separate configuration on SRS transmission for CLI measurement. The SRS resource can be used by both CLI measurement and UL channel sounding. Option 2 will need dedicated resource and configuration for SRS transmission for CLI measurement. The benefit of Option 2 is that it allows more flexible SRS configurations in SRS-RSRP measurement. 
On SRS transmission timing, Option 1 will need to use UL timing. Option 2 has the flexibility to use a different transmission timing, such as DL timing. As UE-UE timing misalignment would degrade UE-UE SRS measurement performance. The UE-UE time misalignment can be caused by factors including: propagation delay, residual timing offset from synchronization, residual timing offset from time advanced estimation. To minimize the factors affecting UE-UE time alignment, it could be beneficial to use DL timing, so that residual timing offset from TA estimation would not count. The drawback of using DL timing for SRS transmission for CLI measurement is that it would need additional gaps in a slot. One example is showed in Figure 1 where a UE has PDSCH transmission, SRS transmission for CLI and PUCCH transmission in a slot. Two guard periods are needed. GP1 is for UE to switch from reception to transmission. GP2 is for UE to switch from DL timing for SRS transmission to UL timing for PUCCH transmission.  

[image: image1.emf]PDSCH PDCCH

S

R

S

G

P

1

G

P

2

PUCCH

GP1: time period for DL to UL switch

GP2: time period for DL timing to UL timing switch 


Figure 1 Example on slot structure for SRS transmission using DL timing 
The tolerable UE-UE timing misalignment is half of CP duration. This is based on the consideration that 1) avoid inter-symbol interference and 2) accommodate SRS from UEs with varies timing offset from the reception timing. Figure 2 illustrates the three boundary cases with received SRS that is time aligned with Rx timing, half-CP ahead of the Rx timing and half-CP behind of the Rx timing. 
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Figure 2 Illustration on tolerable timing misalignment for UE-UE CLI measurement
Considering the large number of SRS signals to be detected by a UE, mechanism to reduce UE complexity is needed. For example, network can signal the SRS sequence, cyclic shift, and time/frequency resource that a UE need to measure so that the UE do not need to do blind detection. On the other hand, such signaling will cause large network signaling overhead considering the large number of UEs (or UE groups) in the network. 
On SRS-RSRP reporting, as RSRP measurement is conducted in a large time scale, L2 signaling can be applied on SRS-RSRP reporting. To reduce overhead, each UE can only report the measurement results that exceed certain threshold. The threshold can be chosen according to the DL interference from the respective cell, i.e., only report UE-UE interference that larger than BS-UE interference. The measurement reporting message should contain information such as the measurement identity that trigger the reporting, the IDs of the measured UE or UE groups and the corresponding measurement results. 
4 RSSI based UE-UE CLI measurement
In RSSI based measurement, UE can be configured to measure the other UEs’ PUSCH or SRS transmission to get interference profile or to capture one-shot interference. Measurement over PUSCH can be used to obtain interference profile or instantaneous interference from the UEs with on-going traffic. Measurement over SRS can be used to obtain interference profile or potential instantaneous interference from UEs that have upcoming traffic. 
When measurement is done over PUSCH, no special configuration is needed at the transmitter side. The receiver UE can be configured with time-frequency resources to do the measurement. To avoid intra-cell interference, i.e., interference from the serving TRP or interference from the UEs served by the same TRP, the measurement resource of the RSSI measurement can be configured as the NZP-CSI-RS resource or ZP-CSI-RS resource. When a UE is configured to do measurement in NZP-CSI-RS resource, the UE can measure its serving TRP’s CSI-RS transmission and the RSSI can be obtained by abstracting the power contribution from the measured serving cell CSI-RS. When a UE is configured to do measurement in ZP-CSI-RS resource, the UE is free from intra-cell interference. Measurement over PUSCH is able to differentiate TRP-UE interference and UE-UE interference. One way is to use the fixed DL slots of every frame (such as the slot carrying PSS/SSS) to measure the TRP-UE interference and use the flexible slots to capture both TRP-UE and UE-UE interference. Another method is to use the gap period. As a slot could have gap period for transition between PDCCH and PUSCH. The GP symbol (or part of the GP symbol) can be used to measure the TRP-UE interference as showed in Figure 3.  
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Figure 3 Illustration on RSSI measurement over GP between PDCCH and PUSCH
When measurement is done over SRS, the SRS transmission for UL sounding can be used for CLI measurement. In SRS transmission for UL channel sounding, the SRS transmission can be configured as periodic transmission or can be configured as aperiodic and triggered by DCI when needed. The periodic SRS transmission can be used for cross-link interference profile measurement. The aperiodic SRS transmission can be used for one-shot CLI measurement. When doing SRS measurement for CLI, the UEs served by a same TRP shall be configured with zero power SRS so that there will be no interference among UEs under a same TRP. 
RSSI based measurement is less sensitive on UE-UE time misalignment, as RSSI based measurement is only for signal power measurement and does not need sequence detection. Since RSSI measurement can be done in time domain, the measurement can be over a partial symbol so that can relax the maximum UE-UE time offset to be greater than half-CP duration.   

On measurement reporting, when it is periodic measurement with the purpose of getting interference profile, L2 reporting on RSSI can be used. When it is one-shot measurement with the purpose of getting instantaneous interference level, CQI reporting in L1 can be used. This will reduce the reporting latency and reduce reporting overhead. As for one-shot measurement, the measurement goal is to get aggregate interference level instead of distinguish each individual interfering source, taking account one-shot RSSI measurement in CQI calculation is sufficient. 
RSSI measurement can track the interference level changes. In normal cases, the RSSI value changes gradually. When strong UE-UE interference presents, the RSSI value can have a sudden change. The network can derive the interference source based on the knowledge of the neighboring cells’ transmission scheduling and the reporting from multiple UEs that conducted RSSI measurement at the same time. While waiting for the network in getting the interference source and The RSSI measurement can be used as a reference for scheduling the UE’s immediate communication.
Proposal 1: The RSSI measurement resource can be configured as
· ZP CSI-RS resource

· NZP CSI-RS resource

· ZP SRS resource

· GP between PDCCH and PUSCH
5 Comparison between SRS-RSRP and RSSI measurement
From the above discussions, it can be observed that

· RSSI measurement can achieve both UE-UE interference profile sounding and one-shot interference measurement, while SRS-RSRP measurement is only for UE-UE interference profile sounding
· RSSI measurement can do measurement on PUSCH while SRS-RSRP measurement will need to do measurement over SRS even for UEs with on-going PUSCH transmission
· RSSI measurement can reuse SRS transmission for UL channel sounding, while SRS-RSRP may need dedicated SRS resource for UE-UE CLI measurement
· Performance of RSSI measurement is insensitive to UE-UE timing misalignment while performance of SRS-RSRP measurement may suffer from the timing misalignment
· RSSI measurement do not need explicit signaling on the SRS sequence and cyclic shift while SRS-RSRP measurement will need for UE complexity reduction
Proposal 2: RSSI based CLI measurement is preferred for CLI measurement. 
6 Conclusion 

In this contribution, we presented our views on CLI measurement for dynamic TDD. Based on the discussion we draw the following observations and proposals:
Observation 1: by comparing SRS-RSRP measurement and RSSI measurement, it can be observed that

· RSSI measurement can achieve both UE-UE interference profile sounding and one-shot interference measurement, while SRS-RSRP measurement is only for UE-UE interference profile sounding
· RSSI measurement can do measurement on PUSCH while SRS-RSRP measurement will need to do measurement over SRS even for UEs with on-going PUSCH transmission
· RSSI measurement can reuse SRS transmission for UL channel sounding, while SRS-RSRP may need dedicated SRS resource for UE-UE CLI measurement
· Performance of RSSI measurement is insensitive to UE-UE timing misalignment while performance of SRS-RSRP measurement may suffer from the timing misalignment
· RSSI measurement do not need explicit signaling on the SRS sequence and cyclic shift while SRS-RSRP measurement will need for UE complexity reduction
Proposal 1: The RSSI measurement resource can be configured as

· ZP CSI-RS resource

· NZP CSI-RS resource

· ZP SRS resource

· GP between PDCCH and PUSCH
Proposal 2: RSSI based CLI measurement is preferred for CLI measurement. 
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