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Introduction
[bookmark: _Ref129681832]Duplex flexibility, also referring to dynamic DL/UL, has been proven as an effective technique to improve the throughput compared to semi-static TDD operation, as captured in TR 38.802[1]. Currently, dynamic DL/UL transmission is supported by NR, which is known as dynamic slot format indication (SFI). However, UE-UE measurement and reporting has not been specified during Rel-15 NR WI, since the work was deprioritized. This restricts the actual application of dynamic DL/UL, since the issue of cross-link interference (CLI) between UEs has not been addressed.
In Rel-16 NR, UE-UE measurement and reporting for CLI management is to be specified [2]. In this contribution, we discuss the details on both CLI-RSRP and CLI-RSSI measurement and corresponding reporting.

CLI-RSRP and CLI-RSSI measurement
It has been shown in [1] that scheduling coordination and link adaptation can effectively mitigate the 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. Two kinds of measurement can be considered, e.g. RSRP and RSSI measurement.
In RAN1#90, the following agreements on two potential measurement mechanisms were achieved [3]:
	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


In [4], we compare the 5%-tile UPT and Average UPT of CLI-RSRP and CLI-RSSI scheduling coordination. Option 1 and Option 2 are defined as follows: 
· 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. 
· Option 2: TRPs in UL slots abandon the scheduling of UEs that would potentially interfere with the UEs’ DL receptions in neighbouring cells. 
In addition, in combination with Option 1 and Option 2, CLI detection can be on a cell-level, UE-group-level and UE-level. It is noted that if RSSI is use for CLI measurement via data symbols (i.e. RSSI-data in the following), only option 2 can be used since it is not possible to differentiate UEs in which cell generate strong CLI.
· 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-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.
The detail explanations and simulation assumptions s can be found in [4].
[bookmark: _Ref489274866]Table 2‑1 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 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 in Table 2‑1, the best performance on both DL and UL 5%-tile UPTs can be achieved when CLI on UE-level can be identified.
Observation: 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 in time/frequency resource. 
Both CLI-RSRP and CLI-RSSI measurement 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 the available time-frequency resources are limited. For RSSI, the configuration is simpler since SRS sequence is not required for sequence detection, e.g. correlation. RSSI-based measurement based on UL data measurement is not preferred, since using UL data cannot reflect the CLI accurately.
Proposal 1: Both CLI-RSRP and CLI-RSSI measurement are supported. The identification of CLI can be in UE-level, UE-group-level and cell-level.

Enablers for UE-UE CLI measurement
CLI-RSRP measurement
IMR for CLI 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/detection, the mechanism similar to Zero-power (ZP) CSI-RS can be reused to configure interference measurement resource (IMR) for UE-UE CLI measurement. 
Therefore, comb-like interference measurement behaviour for UE-UE measurement can be specified. And it allows UE to derive interference measurement on comb-like REs within the configured IMR. For example, ZP resource with comb-like pattern which matches the SRS can be configured for UE-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-UE measurement is to include them into IMR configurations. In this case, IMR will contain at least ZP CSI-RS and (ZP) SRS resources. When receiving IMR configuration, UE needs to distinguish which kind of resource it corresponds to. Two kinds of designs can be considered: unified indication or separate indication. Assume there are M ZP CSI-RS configurations and N SRS configurations. For unified indication, each IMR corresponds to one of those M+N configurations. While for separate indication, UE should be indicated whether the IMR is for CSI-RS or SRS resource, then decide which one of the M or N configurations it is.
Proposal 2: Comb-like detection shall be supported in UE-UE CLI-RSRP measurement.
· The configuration of SRS resources can be reused for IMR.
Timing Advance Issue
For CLI-RSRP based measurement, timing aspects for transmitting measurement RS need to be addressed. The regular timing advance (TA) of PUSCH, which is used for compensating the propagation delay from UE to TRP and possible uplink to downlink conversion time, is not suitable for UE-UE CLI measurement. The misalignment will have negative impact on detection accuracy. 
Figure 1 shows a timing example where UE2 is detecting the measurement RS from UE1 of the neighbor cell. The propagation delay from UE1 to TRP1, the propagation delay from TRP2 to UE2, and the propagation delay between UE1 and UE2 can be denoted as ,,, respectively, as shown in Figure 1.

[bookmark: _Ref480894094]Figure 1 Illustration of the propagation timing among different UEs.
In LTE, the uplink frame transmission takes place before the reception of the first detected path of the corresponding DL frame from the reference cell, where  is the round-trip delay and  is about 20.3 us. In Figure 1, for UE1, ; and for UE2,  . For convenience, we can denote. There are two types of timing for the transmission in LTE, i.e. the normal timing and the side-link timing, which are configured with different offset parameters, as illustrated in Figure 2(a) and Figure 2(b).

[bookmark: _Ref480896212]Figure 2 Illustration of the timing misalignment in UE-UE measurement.
Figure 2(a) is the example of normal timing. UE1 transmits a measurement RS  ahead of the DL frame timing. When the measurement RS arrives at UE2 with a delay of , the timing error between the DL frame timing and measurement RS equals . Assuming that the distance between TRP and UE is about 50 m, the maximum timing error is about 20.6 us, which is larger than the CP length. For side-link timing in Figure 2(b), a similar analysis can be done, and the maximum timing error is also too large to be compensated by the CP.  
Since the UE is not required to perform timing adjustment relative to DL operation in order to perform CLI-RSRP measurement, a special timing adjustment for CLI-RS transmission is required. Figure 3 illustrates a possible timing adjustment for CLI-RS transmission. 

[bookmark: _Ref484767394]Figure 3 Potential strategy of timing adjustment for UE-UE measurement.
In Figure 3, UE1 uses the reception timing as the transmission timing for UE-UE CLI measurement, and the remainder timing error is . Considering that both UE1 and UE2 are expected to be cell edge UEs and the coverage of each TRP should be similar,  should be similar to , and thus  is small.
Proposal 3: The UE uses the reception timing as the transmission timing to transmit the RS for CLI-RSRP measurement.
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, 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 may contain data channel. Hence, the CLI will be overestimated if UL data exists within the configured resources, or the CLI will be underestimated if there is no UL data exists. Anyway, the accuracy of CLI measurement will be degraded.
In NR, two kinds of RSSI are defined: one is as SS reference signal received quality (SS-RSRQ), and the other one is as CSI reference signal received quality (CSI-RSRQ). For SS-RSRQ, the measured OFDM symbols are determined by Table 5.1.3-1 in TS 38.215[5], which is copied in Table 3‑1. As can be seen in Table 3‑1, the SS-RSRQ measurement is still confined with the first X symbols of a subframe/slot. For CSI-RSRQ, similarly, the measurement resource depends on the location of CSI-RS, which is not suitable for measuring SRS transmitted by the neighbor cell UEs. These emphasize that the current NR RSSI definitions cannot guarantee the accuracy for CLI measurement.
[bookmark: _Ref533433022]Table 3‑1 NR Carrier RSSI measurement symbols
	OFDM signal indication endSymbol
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}


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. The CLI-RSSI configuration shall enable the case where only the last 6 OFDM symbols of a slot are measured.
Proposal 4: For CLI-RSSI measurement, symbol-level indication of the starting position should be supported.
· CLI-RSSI measurement shall enable measuring only the last 6 OFDM symbols of a slot.

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 4, 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.
[image: ]
[bookmark: _Ref492279570]Figure 4 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 will 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 will send the SR only when strong/weak CLI is detected.
Proposal 5: High layer reporting is applied for CLI measurement.
· Some methods can be used to reduce the overhead, e.g. conditional reporting.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, UE-UE measurement to enable at least scheduling coordination for CLI mitigation is discussed. The observation and proposals are given below:
Observation: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs.
Proposal 1: Both CLI-RSRP and CLI-RSSI measurement are supported. The identification of CLI can be in UE-level, UE-group-level and cell-level.
Proposal 2: Comb-like detection shall be supported in UE-UE CLI-RSRP measurement.
· The configuration of SRS resources can be reused for IMR.
Proposal 3: The UE uses the reception timing as the transmission timing to transmit the RS for CLI-RSRP measurement.
Proposal 4: For CLI-RSSI measurement, symbol-level indication of the starting position should be supported.
· CLI-RSSI measurement shall enable measuring only the last 6 OFDM symbols of a slot.
Proposal 5: High layer reporting is applied for CLI measurement.
· Some methods can be used to reduce the overhead, e.g. conditional reporting.
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