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Introduction
[bookmark: _Ref129681832]This paper is a resubmission of R1- 1800051.
In RAN1#90, the following agreement on configuration of UE-to-UE measurement and reporting was achieved [1]:
	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)


Specifically, the following agreements on two potential measurement mechanisms, i.e. RSRP based and RSSI based, were achieved:
	Agreements:
· 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


For duplex flexibility, it has been shown in [2] that scheduling coordination and link adaptation can effectively mitigate the cross-link interference (CLI), and significant performance gain can be achieved subsequently. To enable the scheduling coordination, the CLI between the UEs in different TRPs shall be measured and reported to the TRPs. In this contribution, we provide our consideration on necessity of supporting UE-to-UE CLI measurement in Rel-15. Also some details on both RSRP based and RSSI based CLI measurement and the corresponding reporting are discussed. 

[bookmark: _Ref492300006]RSRP and RSSI CLI measurement
[bookmark: _Ref492290772]Scheduling coordination based on RSRP and RSSI CLI measurement
Different scheduling coordination can be applied based on different strategies of CLI measurement and reporting. In this subsection, we discuss two scheduling coordination strategies and their branches based on different CLI measurement schemes. The simulation results are also provided.
The difference between CLI-RSRP and CLI-RSSI is generally considered as whether the aggressor UE can be identified or not. If CLI-RSRP is applied, each UE can naturally identify the aggressor UEs and the corresponding CLI, and then report to the TRP. Hence, the TRP can obtain the CLI relationship between any UE of other TRPs and any of its serving UE. On the other hand, if CLI-RSSI is applied, normally the UE can only acquire the signal strength of a certain time-frequency resource, so the TRP can only obtain the overall CLI strength of a UE, but do not know the CLI strength of each UE pair. Nevertheless, the aggressor UE can still be identified by some specific design or configuration, e.g. different UEs transmit their RS on orthogonal time-frequency resources and individual CLI-RSSI measurements are conducted on each of these resources. When the results are reported to the TRP, the TRP can identify the aggressor UEs by exchanging the configuration of RS transmission. Compared to CLI-RSRP measurement, the main drawback of this scheme is the overhead of the measurement resources, since the RS from different UEs cannot be multiplexed into the same time-frequency resource.
Moreover, for the case where the aggressor UE can be identified, several levels of differentiation can be considered, e.g. UE-level, UE-group-level and cell-level. As an implementation method, a coarser granularity of differentiation can reduce the complexity and overhead of configuration of transmission, measurement and reporting. Take cell-level for example, as for RSRP measurement, all the UEs in a TRP can be configured to transmit a same SRS sequence in the same time-frequency resources for CLI measurement, and the receiver UE in neighbour TRP measures the  RSRP with the sequence and does not need to distinguish each aggressor UE. The SRS sequences configured by different TRPs shall be different from each other. As for RSSI measurement, all the UEs in a TRP can be configured to transmit their SRS in the same time-frequency resources, and the resources configured by different TRPs shall be orthogonal and allows for distinguishing the CLI from UEs in different TRPs. Therefore, assuming that there are M UEs in each TRP to be measured, for cell-level CLI measurement, the number of measured SRS sequences, the number of measurement times, and the reporting overhead can be largely reduced to 1/M compared to those of UE-level measurement. It can be expected that a coarser granularity would consequently lead to a coarser scheduling coordination, but it can still be considered if the performance loss is acceptable.
Observation 1: A coarser granularity of CLI differentiation can reduce the complexity of resource configuration, measurement and reporting, for both RSRP and RSSI measurement.
If the aggressor UEs can be identified and reported to the TRP, and if the intended scheduling information can be exchanged among the TRPs, the following strategy of scheduling coordination can be utilized:
· Option 1: TRPs in UL slots adjust the resource allocation of the UEs to avoid interfering with the DL transmission within the same time-frequency resources of a UE/ a UE-group/ UEs in a neighbouring cell. 
For this strategy, the TRP needs to explicitly know which victim (a UE/ a UE-group/ UEs in a cell) in other cells would be interfered by its serving UEs, so the UEs are required to report the CLI strength for each UE in neighbour cells. And together with the information of the time-frequency resources where the potentially interfered DL UEs in neighbour cells will be scheduled, the TRP can avoid allocating the same resources to the UEs for UL transmission which could cause serious CLI to the DL UEs in neighbour cells. Therefore, the coordination scheduling can be conducted in RB/RBG level. In addition, for the case where UE-group-level (or cell-level) CLI measurement is applied, if any UE of a UE-group (or a neighbour cell) of neighbour cells is scheduled with DL transmission, the TRP would not allocate the same resources for UL transmission to its UE which would cause serious CLI to the UE-group (UEs in the neighbour cell). 
Otherwise, if the aggressor UE cannot be identified, a general CLI strength information may be obtained and reported to the TRP. In this case, the following strategy can be utilized:
· Option 2: TRPs in UL slots abandon the scheduling of UEs that would potentially interfere with the UEs’ DL receptions in neighbouring cells. 
For this strategy, the TRP only needs to know whether the UE would potentially interfere with any UEs’ DL reception in neighbor cells, which can be judged by the reported general CLI-RSSI strength, but does not need to explicitly know which UE/ UE-group/ neighbor cell would be interfered. 
Simulation results
Comparing Option 1 and Option 2, Option 1 is more efficient and flexible. In Table 1, the evaluation results of scheduling coordination are provided, where the coordination methods in Option 1 and Option 2 are adopted. For Option 1, it can be enabled by CLI-RSRP measurement or CLI-RSSI measurement with RS on orthogonal resources, and the CLI can be distinguished in UE-level, UE-group-level, and cell-level, respectively. For Option 2, it can be enabled by CLI-RSSI measurement based on reporting a general strength of RS or UL data, which are marked as RSSI-RS-general and RSSI-data, respectively. 
· Option 1 (cell-level): For CLI-RSRP, all the UEs in a TRP will transmit the same RS sequence, and the RS sequences for different TRPs are orthogonal; for CLI-RSSI, all the UEs in a TRP will transmit their RS in the same resource, and the resources for different TRPs are orthogonal.
· Option 1 (UE-group-level): Similar to cell-level, the same RS sequence (for CLI-RSRP) or resource (for CLI-RSSI) is shared by the UEs in a group, and the RS sequences or resources for different UE groups are orthogonal. The UEs are grouped based on their RSRP between the UEs and their TRP, and the number of UE-groups in each TRP is 4
· Option 1 (UE-level): The RS sequence and/or the resource for each UE are orthogonal with each other. So each UE-pair of CLI can be distinguished.
· Option 2 (RSSI-RS-general): All the UE transmit their RS in the same resource, and the receiver UE measures the power on the resource.
· Option 2 (RSSI-data): The UEs will measure the RSSI on the UL slots randomly without coordinated configuration, and thus some of the aggressor UEs cannot be detected if they are not transmitting UL data when the victim UE is conducting measurement. It is assumed that 50% of the aggressor UEs cannot be detected when RSSI measurement is based on UL data.
Simulation assumptions are shown in Table A1 in appendix. The slots can dynamically change between DL and UL.
[bookmark: _Ref489274866]Table 1 Performance of scheduling coordination, in indoor hotspot, 4GHz carrier, DL: UL=1:1
	Feature
	DL/UL subframe ratio change
	5%-tile
DL UPT
(Mbps)
	DL Average UPT (Mbps)
	DL RU (%)
	5%-tile
UL UPT
(Mbps)
	UL Average UPT (Mbps)
	UL RU (%)

	Option 2 
(RSSI-data)
	Dynamic
	14.34
	61.63
	10.82
	4.41
	38.82
	23.31

	Option 2
(RSSI-RS-general)
	Dynamic
	14.86
	64.49
	10.08
	5.08
	39.74
	22.12

	Option 1
(Cell-level)
	Dynamic
	16.29
	68.62
	9.92
	4.71
	40.83
	21.54

	Option 1
(UE-group-level)
	Dynamic
	17.99
	69.96
	8.71
	4.92
	41.99
	20.94

	Option 1
(UE-level)
	Dynamic
	19.14
	71.09
	8.16
	5.49
	42.92
	20.88


As can be observed from the table, the best performance on both DL and UL 5%-tile UPTs can be achieved when Option 1 is applied. Meanwhile, the performance degrades when Option 2 based on RSSI-RS-general is applied. Moreover, if Option 2 is based on RSSI-data, the performance will become even worse. It can also be observed that the performance loss is small when Option 1 with UE-group-level and cell-level are adopted, compared to Option 1 with UE-level. The trade-off between performance and complexity is considerable. 
Observation 2: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs. 
Therefore, CLI measurements where the aggressor UE can be identified are preferred. For the CLI-RSRP measurement, it naturally fulfils the demand of aggressor UE identification. The complexity and overhead can be reduced by a coarser identification level enabled by a UE-group-level or a cell-level common SRS sequence. For the CLI-RSSI measurement, it can also identify the aggressor UEs if it is based on RS measurement, where the RS from different UEs are all orthogonal. Otherwise, only a general CLI strength can be applied. 
Both RSRP and RSSI can be supported for CLI measurement. Comparing RSRP to RSSI, the major advantage of RSRP is higher capacity, since it enables differentiation of multiple UEs multiplexed in the same time-frequency resources. It is more suitable for the case where available time-frequency resources are limited. For RSSI, the configuration is simpler since SRS sequence is not required for sequence detection, e.g. correlation. Anyway, CLI-RSSI based on UL data measurement is not preferred.
Proposal 1: Both CLI-RSRP and CLI-RSSI measurement can be supported.
· The identification can be considered in UE-level, UE-group-level and cell-level.
· RSSI based on UL data transmission is not considered.
[bookmark: _Ref497762303]On necessity of supporting UE-to-UE CLI measurement in Rel-15
In addition, Table 2 shows the performance comparison between the cases where 100%, 50% and 0% of the UEs have the capability of UE-to-UE CLI measurement, which are denoted as Case 1, Case 2 and Case 3, respectively. Option 1 with UE-level aggressor distinguishing is adopted for each case. Other simulation assumptions are the same with Table 1. The traffic load is set to be medium.
[bookmark: _Ref497751243]Table 2 Performance of different percentage of UEs with CLI measurement capability
	Feature
	DL/UL subframe ratio change
	5%-tile
DL UPT
(Mbps)
	DL Average UPT (Mbps)
	5%-tile
UL UPT
(Mbps)
	UL Average UPT (Mbps)

	Case 1 (100% UEs can manage CLI)
	Dynamic
	19.7
	71.09
	5.52
	42.92

	Case 2 ( 50% UEs can manage CLI)
	Dynamic
	12.66
	61.16
	4.42
	39.86

	Case 3 (No UE can manage CLI)
	Dynamic
	9.11
	52.26
	4.26
	36.16


Above all, regarding the 5%-tile DL and UL UPT, the performance of Case 1 is much better than Case 2 and Case 3. Meanwhile, the performance of Case 2 is also better than Case 3, but the gain is not as large as the former comparison. This is due to the fact that the UEs without CLI measurement capability would suffer from the CLI from the UE in neighbour cells, or would limit the scheduling flexibility of the gNB. Anyway, the 50% UE with CLI measurement capability cannot bring 50% gain of either 5%-tile DL or UL UPT. 
To maximize the capability of NR, scheduling coordination should be enabled, and thus the UE-to-UE CLI measurement and reporting should be supported. If part of the UEs in the network do not have the capability of UE-to-UE CLI management, the system performance would be impacted, even in the future release. Such situation is possible if, unfortunately, UE-to-UE CLI measurement is not finished in Rel-15. Figure 1 illustrate the scenario assuming that UE-to-UE CLI measurement is introduced in Rel-16.
[image: ]
[bookmark: _Ref498625683]Figure 1 Compatibility issue if UE-to-UE CLI measurement is not introduced in Rel-15
Therefore, it is recommended to support UE-to-UE measurement in the first release of NR, i.e. Rel-15, as a basic UE capability, to maximum the network performance. Otherwise, it can be foreseen that even if the UE-to-UE CLI measurement is supported in the future release, e.g. Rel-16,  the performance gain will be so limited due to the existence of Rel-15 NR UE which cannot support such feature.
Proposal 2: Support UE-to-UE CLI measurement in Rel-15 NR.

Details on UE-to-UE CLI measurement
[bookmark: _Ref488675675]ON/OFF configuration for CLI measurement and reporting 
It was agreed in RAN1#90 that UE-to-UE CLI measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically. Both explicit and implicit indication can be considered. For explicit ON/OFF indication, one RRC signalling IE can be used as the indicator. For implicit ON/OFF indication, the following mechanisms can be considered: 
a) Once the UE is configured with CLI measurement resources (and/or measured RS), the UE will conduct CLI measurement and/or reporting automatically based on the configured resources, and will turn off the measurement and reporting when receiving the RRC signalling that (re)configuring no CLI measurement resources. 
b) The UE can be configured with a condition or threshold to trigger the CLI measurement and reporting. Take the RSRP threshold as example, once the UE senses that the RSRP of neighbour cell is higher than the threshold, it can be regarded as a triggering that the UE may be located at the edge of the cell, and may suffer from strong CLI. Then the UE can start to do CLI measurement on the configured resource and report to the TRP. Likewise, the UE with the RSRP of neighbour cell less than the threshold could stop from the measurement.
Comparing Option a) and Option b), the latter one can reduce the energy cost and the overhead of reporting. Thus we have the following proposal:
Proposal 3: For implicit ON/OFF indication, the CLI measurement and reporting can be triggered when one or more pre-defined conditions are satisfied.
[bookmark: _Ref492291106]Configuration of measurement resource
RSRP measurement
As was agreed that SRS can be reused for CLI measurement, it can be expected that the RS will be configured and transmitted with comb-like pattern. For RS reception, Zero-power (ZP) CSI-RS can be reused to configure interference measurement resource (IMR) for UE-to-UE CLI measurement. But so far comb-like resource is not supported by CSI-RS configuration, thus an issue arises that the RS patterns between ZP CSI-RS and SRS will be mismatched. 
Comb-like detection is important for aggressor UE identification. Generally the aggressor UE can be distinguished by RS sequence detection, or energy detection of orthogonal time-frequency resources. Whatever, the comb-like detection shall be supported for aggressor UE identification, otherwise the interference estimation will be inaccurate, or the time-frequency resources will be underutilized.
Some mechanisms can be considered to tackle this issue.  For example, interference measurement behaviour for UE-to-UE measurement can be specified. And it allows UE to derive interference measurement on comb-like REs within the configured ZP CSI-RS resource. For another example, ZP resource with comb-like pattern can be configured for UE-to-UE measurement. To reduce the complexity of this ZP resource configuration, SRS configuration can be reused. 
One potential method to reuse SRS configurations for UE-to-UE measurement is to include them into IMR configurations. In this case, IMR will contain at least ZP CSI-RS and SRS resources. When receiving IMR configuration, UE needs to distinguish which kind of resource it corresponds to. So the IMR indication should be carefully designed. Two designs can be considered: unified or separate indication design. Assuming there are M ZP CSI-RS configurations and N SRS configurations. For unified design, each IMR corresponds to one of those M+N configurations. While for separate design, UE should be indicated whether the IMR is CSI-RS or SRS resource, then decide which one of the M or N configurations it is.
Proposal 4: Comb-like detection shall be supported in UE-to-UE CLI-RSRP measurement.
· Reusing the configuration of SRS resources for IMR can be considered.
RSSI measurement
For RSSI measurement, the measured object may be RS or UL data. As can be drawn from Table 1, the performance of RSSI based on UL data is not good and should not be considered. For RSSI based on RS, DMRS and SRS were considered to be reused. However, DMRS can only be transmitted along with data, which will introduce unnecessary limitation or specification impact if reused for RSSI. So it is still preferred to use SRS as the measured RS in RSSI measurement.
Proposal 5: SRS resources should be used as the set of resource elements for CLI-RSSI measurement.
In LTE, the configuration of RSSI in time domain includes period, starting position and duration. The starting position is in subframe-level, i.e., RSSI measurement can only start with the first symbol of a subframe. In NR, so far it is agreed that SRS resource can span N = 1, 2, or 4 adjacent symbols in the last 6 symbols of a slot. If the starting position of CLI-RSSI in NR is still the same with LTE, i.e. in subframe-level or slot-level, the measured resources would contain data channel. Hence, the CLI may be overestimated if UL data exists within the configured resources, or the CLI would be underestimated if there is no UL data exists. Anyway, the accuracy of CLI measurement will be degraded.
For more precise CLI-RSSI measurement, a more flexible configuration of the starting position of RSSI should be supported in NR. For example, a UE should not only be indicated the starting slot within the period, but also be indicated the starting symbol of the slot.
Proposal 6: For CLI-RSSI measurement, symbol-level indication of the starting position should be supported.
Number of configured SRS resources
For RSRP measurement, for each BWP, the number of configured SRS resources for a UE depends on the number of aggressor UEs that intended to be measured. Assuming that there are 6 neighbor TRPs and 10 UEs in each TRP are to be measured, the number of measured SRS sequences and the corresponding resources is 60. This number can be reduced to 6 if the UEs in the same TRP share a same SRS sequence and the corresponding resources, which implies that the CLI differentiation is in cell-level. Another possible case is that all UEs among the TRPs are configured with the same SRS sequence, but the resources for each TRP are orthogonal. In this case, only one SRS sequence will be configured, but the number of measured resources is still 6. The configuration overhead can be regarded as the product of the number of SRS sequence and the number of resources corresponds to each SRS sequence, and it depends on the differentiation level (UE-level, UE-group-level, cell-level) and the number of measured neighbor object (UE, UE-group, all UEs in a TRP, etc.). 
For RSSI measurement, similar to RSRP, the configuration overhead can be regarded the number of configured SRS resources, and it depends on the differentiation level and the number of measured neighbor object. For example, for cell-level CLI measurement, if the number of measured TRP is 6, it is expected that at least 6 orthogonal resources should be configured to within each measured period, where each resource corresponds to one TRP.
Observation 3: The complexity and overhead depend on the differentiation level and the number of measured neighbour object, and can be reduced by a coarser differentiation level or limiting the number of measured object. 
With regard to the number of SRS resources (including sequences, time-frequency resources etc.), the specification should provide a maximum number to limit the SRS resources that needs to be measured by UE.  Meanwhile, to guarantee the system performance, a coarse differentiation level and a small number of measured object can be a starting point. For example, a cell-level detection can be consider as the baseline. In this case, all UEs in a cell (which takes part in the UE-to-UE measurement) can be configured with a same SRS resource for transmission. As for the detection, the number of SRS resources to be measured is determined by the number of measured neighbor cells. For example, for indoor hotspot scenario, 8 can be considered as the baseline for the number of SRS resources to be measured for a UE, as shown in Figure 2. 
[image: ]
[bookmark: _Ref492626754]Figure 2 Illustration of neighbor cells to be measured in indoor hotspot scenario.
Proposal 7: The specification should provide a maximum number to limit the SRS resources that needs to be measured.
· 8 can be considered as the baseline for indoor hotspot scenario.
Besides, for RSRP, some implementation method can be applied to reduce the detection complexity. For example, if 8 SRS sequences would need to be detected during each period, they do not always have to be transmitted in the same time-frequency resource. They can be separately transmitted in 4 different times, in which 2 SRS sequences (from 2 different measured objects) will be transmitted. In this way, a UE only needs to detect 2 SRS sequences at one time, and thus reduce the detection complexity at the cost of more time-frequency resource. Note that the time-frequency overhead is still lower than RSSI, which requires 8 different time-frequency resources during each period.
Observation 4: For RSRP, the detection complexity can be reduced at the cost of more time-frequency resource. 
In addition, even though the numerology of BWPs of different UEs may be different, it is expected that a common numerology (e.g. 15 kHz SCS) should be supported, at least for RSRP measurement. 
Avoiding interference from DL transmission
An issue needs to be considered is the potential interference from the DL transmission to the SRS for CLI measurement. It is very possible that the measured resource is part of a slot in time domain, e.g. last four symbol in a slot for SRS transmission. Thus, DL data in the same slot shall not be transmitted in the resources for CLI measurement, which requires necessary rate matching to avoid interference between the UEs in DL reception and the UEs conducting CLI measurement. 
One possible solution to tackle the issue can be the indication of the resources reserved for CLI measurement. When informed that certain resources should be reserved for CLI measurement, the UE would determine to apply the pre-defined rate matching around the resources, no matter the reserved resource is used by the informed UE or not.
Proposal 8: UE should be informed about the resources reserved for CLI measurement that enables rate matching in DL reception.
Configuration of SRS sequence
In RAN1#89 [3], it was already agreed that NR supports generating SRS sequences by UE-specific SRS sequence ID, which can be configured by RRC signaling. According to Section 2 and Section 3.2, a cell-level or a UE-group-level differentiation will largely reduce the complexity at the cost of minute performance loss compared to UE-specific differentiation. Therefore, UEs in the same TRP can be configured with a ‘common’ SRS sequence for CLI-RSRP measurement by UE-specific RRC signaling. It can be achieved by a UE-specific configuration manner, and does not require specifying a group/cell/TRP common SRS sequence. 
For example, the UEs in the same TRP can be configured with a common SRS sequence but with different time-frequency resources and/or combs. The victim UE can be informed about the common SRS of neighbor TRP, and measure the CLI of different UE pairs in different time-frequency resources and/or combs with this common SRS. Other configuration with common SRS sequence can be further designed. 
The UE should periodically report the measurement result to the TRP, as will be discussed in Section 3.4. The identification of the aggressor UEs can be done by TRP with the report and the configuration information exchanged among TRPs.
Observation 5: So far the NR agreements on SRS have already supported generating SRS sequence by UE-specific RRC signaling, without UE ID.
· This enables configuring a ‘common’ SRS for multiple UEs in a cell/ UE-group to reduce the complexity of CLI-RSRP measurement.
[bookmark: _Ref485298485]Reporting
For CLI-RSRP or CLI-RSSI measurement, UEs are required to report the measurement. It is proper to reuse the similar reporting procedure as that of RSRP/RSSI which is a high layer reporting, or similar physical layer reporting mechanism as current CSI framework. Considering that the CLI situation can hold for a relatively long time, as shown in Figure 3, a reporting delay of tens or hundreds of milliseconds is acceptable. But the payload may be too large for PUCCH to carry, especially when a number of aggressor UEs will be measured and reported. Therefore, high layer reporting seems to be a better choice. Since at least the CLI measurement result is utilized for resource scheduling, it can be reported after each round of the measurement, and may not have to be filtered by the UE itself as that in LTE L3 reporting.
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[bookmark: _Ref492279570]Figure 3 Variation of the fading condition between two UEs
Regarding to the content of reported result, it can be the power/path-loss information of the aggressor UEs, or just indications of whether the neighbour UEs are considered as the aggressor UEs judged by the victim UE itself. As for the report occasion, semi-persistent scheduling (SPS) can be applied to schedule periodic PUSCH resources for periodic reporting. Another way can be that the UE will send a scheduling request (SR) for reporting after the measurement.
In addition, several methods can be applied to reduce the overhead. For example, the CLI can be quantized into fewer levels, and thus fewer bits would need to be reported. For another example, conditional reporting can be considered, i.e. a UE can only report the CLI information of top K UEs which will cause the most serious CLI, or the UE would send the SR only when strong CLI is detected.
Proposal 9: High layer reporting can be considered for CLI measurement.
· Some methods can be further considered to reduce the overhead, e.g. conditional reporting.
[bookmark: _Ref485213471]Transmission power of SRS
Currently, SRS transmission power for channel sounding is defined as:

[dBm]









where  is the target received power of SRS resource set on carrier of serving cell ; is the bandwidth of SRS; and are the path-loss and the higher layer adjustment parameter, respectively. For same power control adjustment state,  where  is used for power adjustment of PUSCH.
However, for CLI measurement, totally reusing the parameter set of SRS transmit power for channel sounding may not be suitable. For the case where the transmitting and receiving UEs are close to each other, the PA of receiving UE may be blocked, especially considering that the transmitting UEs may use a relatively large transmission power when they are at the cell edge (no matter the power adjustment of SRS is same or different from PUSCH), which is also the most concerned case. This would not only affect the accuracy of CLI measurement but also destroy the reception of other subcarriers not used for CLI measurement in the BWP, or in other BWP if any. 
Observation 6: The transmission power of SRS for CLI measurement may lead to blocking of receiver UEs and need to be considered.
[bookmark: _Ref492283848]Timing issue
For UE-to-UE measurement, timing aspects for transmitting measurement signal need to be addressed. The timing advance (TA) of PUSCH is used for compensating the propagation delay from UE to TRP and possible uplink to downlink conversion time, and would not be suitable for UE-to-UE CLI measurement. The misalignment of timing between different UEs may also lead to interference between the SRS and the UL/DL data around the SRS. Possible solutions such as puncturing or rate matching should be explored. For TRP-to-TRP CLI mitigation, timing alignment between the wanted signal and the interference is critical to the performance of advanced receiver. Hence, timing issues in CLI measurement should be tackled. Detailed discussion can be found in our companion contribution [4].

Specification effort on UE-to-UE measurement
In general, for UE-to-UE CLI measurement, to reduce the standardization effort, reusing the current design in NR as much as possible is preferred. Remaining works are summarized as follows.
Table 3 Specification works in UE-to-UE CLI measurement
	RS transmission
	Measurement RS
	It is suggested to reuse the SRS in NR as the CLI RS, including sequence, time-frequency resource, periods etc., and no additional specification work is needed. 

	
	Timing Advance
	It is agreed that no adjustment is required for the Rx timing, and only the Tx timing of SRS for CLI may need to be specified. 

	
	Power
	The transmission power formula of SRS can be reused. The adjusting of Tx power can be fulfilled by configuring one or multiple set of parameter values for CLI measurement. No additional formula is needed.

	RS reception
	IMR configuration
	For RSRP, the configuration of SRS can be reused for IMR configuration.
For RSSI, the configuration can be similar to that in LTE, with the additional information of starting symbol in a slot.

	
	CLI avoidance 
	Reserved resource for SRS reception should be indicated to the UEs in the measuring cell. At least RB-symbol level reserved resource configuration for rate matching is supported in NR. The reserved resource for CLI measurement should also be supported.

	Reporting
	ON/OFF configuration
	Both explicit and implicit ON/OFF indication of CLI measurement/reporting would be considered, and neither of them requires heavy specification work.

	
	Reporting content
	For both RSRP and RSSI measurement, reporting the received power level for each of the configured IMR can be the baseline without much specification work. Additional optimization can be considered if time allows.


In summary, no heavy work is required for the specification of UE-to-UE CLI measurement. A lot of aspects can reuse the ready-made design in NR, or be similar to that in LTE. Considering the issue of forward compatibility, it is suggested to finish specifying the UE-to-UE CLI measurement in Rel-15 NR.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, UE-to-UE measurement to enable at least scheduling coordination for CLI mitigation is discussed. The observation and proposals are given below:
Observation 1: A coarser granularity of CLI differentiation can reduce the complexity of resource configuration, measurement and reporting, for both RSRP and RSSI measurement.
Observation 2: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs. 
Observation 3: The complexity and overhead depend on the differentiation level and the number of measured neighbour object, and can be reduced by a coarser differentiation level or limiting the number of measured object. 
Observation 4: For RSRP, the detection complexity can be reduced at the cost of time-frequency resource. 
Observation 5: So far the NR agreements on SRS have already supported generating SRS sequence by UE-specific RRC signaling, without UE ID.
· This enables configuring a ‘common’ SRS for multiple UEs in a cell/ UE-group to reduce the complexity of CLI-RSRP measurement.
Observation 6: The transmission power of SRS for CLI measurement may lead to blocking of receiver UEs and need to be considered.
Proposal 1: Both CLI-RSRP and CLI-RSSI measurement can be supported.
· The identification can be considered in UE-level, UE-group-level and cell-level.
· RSSI based on UL data transmission is not considered.
Proposal 2: Support UE-to-UE CLI measurement in Rel-15 NR.
Proposal 3: For implicit ON/OFF indication, the CLI measurement and reporting can be triggered when one or more pre-defined conditions are satisfied.
Proposal 4: Comb-like detection shall be supported in UE-to-UE CLI-RSRP measurement.
· Reusing the configuration of SRS resources for IMR can be considered.
Proposal 5: SRS resources should be used as the set of resource elements for CLI-RSSI measurement.
Proposal 6: For CLI-RSSI measurement, symbol-level indication of the starting position should be supported.
Proposal 7: The specification should provide a maximum number to limit the SRS resources that needs to be measured.
· 8 can be considered as the baseline for indoor hotspot scenario.
Proposal 8: UE should be informed about the resources reserved for CLI measurement that enables rate matching in DL reception.
Proposal 9: High layer reporting can be considered for CLI measurement.
· Some methods can be further considered to reduce the overhead, e.g. conditional reporting.
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Appendix
Table A1. Simulation assumptions
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (3 TRP per 120m x 50m)
[image: ]

	Inter-BS distance
	40m

	Minimum BS-UE (2D) distance 
	0m

	Minimum UE-UE (2D) distance
	3m

	Carrier frequency 
	4GHz 

	Simulation bandwidth 
	20MHz per CC for 4GHz

	Channel model 
	Follow [2]

	Penetration loss
	Follow [2]

	BS Tx power 
	24 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24 dBm

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	 (M,N,P,Mg,Ng)=(4,4,2,1,1)   (dH,dV)=(0.5,0.5)λ

	BS antenna configuration
	Ceiling-mount, Follow [2]

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	5dBi

	BS antenna tilt
	90deg

	BS receiver noise figure 
	5dB

	UE antenna elements
	2Tx and 2Rx

	UE antenna configuration
	Follow [2]

	UE antenna height
	1.5m

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK20][bookmark: OLE_LINK21]9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 

	UE distribution
	For FTP traffic model 3: 10 users per TRP 
100% indoor (3km/h)

	UE receiver
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 

	UE association
	based on RSRP measurement

	Transmission mode
	SU-MIMO
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