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In RAN1 AH1901, the following agreements have been made on UE-to-UE cross-link interference (CLI) measurement and reporting. [1] 
The following CLI measurements are supported:
· 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:
· The number of SRS to be monitored by the UE should not exceed 8 within a slot
· Network may configure more than 8 SRSs over different slots
· The total number of SRSs to be monitored by a UE should not exceed [32]
· The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing in order to perform SRS-RSRP measurement
· FFS: Details on how the constant offset is derived by the UE. The constant offset of 0 is not precluded.
· FFS: Whether or not to have measurement accuracy relaxation
· FFS: Timing for the transmission point of view
· UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier
Measurement resource for SRS-RSRP measurement is configured by SRS resource configuration.
· FFS: Whether REs for PDSCH is rate matched around the REs for SRS for SRS-RSRP measurement or not.
· FFS: Whether OFDM symbol(s) for PDSCH is rate-matched or not.
· Note: If Rel-15 already supports this functionality, no additional specification support will be introduced
For measurement resource for RSSI measurement is configured by
· Symbol-level indication (e.g. starting OS and ending OS) and PRB level indication (e.g., starting PRB and ending PRB) within downlink active BWP
For SRS-RSRP measurement report, L3 measurement reporting is applied
For CLI-RSSI, L3 measurement reporting is applied
· FFS: Whether SRS-RSRP measurement report and CLI-RSSI measurement report can be configured together for a UE
· Whether UE should be required to perform SRS-RSRP measurement and CLI-RSSI measurement simultaneously 
For L3 measurement reporting of RSSI/SRS-RSRP, the specification detail on the reporting and triggering mechanism is discussed in RAN2
From a specification perspective, the measurement/report configuration of CLI-RSSI and SRS-RSRP are independent.
· FFS: UE capability discussion
[bookmark: _GoBack]This contribution provides our views on RSSI and SRS-RSRP based CLI measurement and reporting at a UE.
CLI-RSSI measurement and reporting
RSSI can be measured over configured SRS transmissions of one or multiple aggressor UEs. If a group of aggressor UEs share the same SRS transmission resource, the RSSI measurement would capture the aggregated CLI from these UEs, as demonstrated in Figure 1.


[bookmark: _Ref439490]Figure 1. RSSI measurement over configured SRS
If a victim UE’s (UE1 in Figure 1) own gNB is transmitting PDSCH to another UE device (UE2 in Figure 1) in the symbols of UE1’s RSSI measurement, then the RSSI results would also capture the DL interference and it leads to an over-estimation on the CLI level. To eliminate such DL interference, gNB should configure ZP resources for victim UE’s peers, e.g., ZP CSI-RS, on the RSSI measurement resource.
RSSI can also be measured over PUSCH transmissions. In Rel-15, periodic SRS transmission could be overwritten by UE-specific PUSCH transmission scheduled by DCI. SRS-RSRP measurement would be affected by SRS overwriting. However, SRS overwriting will not impact RSSI measurement, as long as SRS and PUSCH use the same power control parameters. As shown in Figure 2, RSSI measurement resource configured for SRS can also be used for CLI measurement over PUSCH transmission.


[bookmark: _Ref516748]Figure 2. RSSI measurement over PUSCH transmission
Compared to SRS-RSRP, RSSI measurement has lower complexity, because it only measure the received power. It requires no information about the configured SRS sequence, and the victim UE does not need to perform channel estimation on the measurement REs nor compute correlation on the SRS sequence. Compared to SRS-RSRP, RSSI measurement also has higher flexibility. It can capture CLI by measuring over not only configured SRS but also PUSCH transmissions. It can capture CLI from a single aggressor UE or a group of aggressors.
Observation 1: RSSI measurement has low complexity and high flexibility. 
In NR Rel-15, SRS can span 1, 2, and 4 symbols within the last 6 OFDM symbols in a slot. PUSCH mapping type A starts from the first symbol and the length of PUSCH can be from 4 symbols to 14 symbols, assuming normal CP. PUSCH mapping type B can start from any symbol in the slot and the length of PUSCH can be from 1 symbol to 14 symbols, as long as the slot boundary is not crossed. Start and length indicator value (SLIV) is used to indicate the starting symbol and duration in symbols of a PUSCH in time domain resource allocation. In frequency domain, SRS can span from 4 PRBs to 272 PRBs. PUSCH with uplink RA type 1 uses resource indication value (RIV) to indicate set of contiguously allocated resource blocks within the active BWP. 
Because RSSI can measure CLI over both SRS and PUSCH transmission, the starting symbol of a RSSI measurement can be any symbol in a slot, and the length of RSSI measurement resource could be 1 symbol to 14 symbols. RSSI measurement could span a set of contiguous PRBs with in the active DL BWP. Therefore, SLIV and RIV can be used as symbol-level and PRB-level indication for RSSI measurement resource configuration, respectively.
In addition to symbol-level and PRB-level indication, RE pattern should also be indicated for RSSI measurement resource configuration, because CLI-RSSI averages received power only over configured REs. For CLI measurement over SRS, the comb number and comb offset of SRS resource configuration need to be indicated in RSSI measurement configuration. On the other hand, for CLI measured over PUSCH, all twelve sub-carriers in one PRB can be configured for RSSI measurement.
Proposal 1: SLIV could be used as symbol-level indication, and RIV could be used as PRB-level indication for RSSI measurement resource configuration. CLI-RSSI measurement resource configuration could also contain RE pattern indication.
Multiple RSSI measurement resources could form an RSSI measurement resource set, and an RSSI measurement resource set can be configured as periodic or semi-persistent. Therefore, periodicity and offset should be included in RSSI measurement resource set configuration. Periodic RSSI measurement resource set can be configured by RRC. Semi-persistent RSSI measurement resource set can be configured by RRC and activated/deactivated by MAC CE. RSSI measurement resources within a semi-persistent resource set should get activated/deactivated together.
It is desirable that the combined signal from antenna elements corresponding to CLI-RSSI measurement is the same as the one used for DL data reception, so that the CLI measurement can accurately capture CLI’s impact on victim UE’s PDSCH reception. If there is no ongoing DL data transmission, then RSSI measurement could use the same reception beam used for the latest PDCCH or monitored CORESET, as shown in Figure 3.


[bookmark: _Ref705860]Figure 3. Use same reception beam as PDSCH (left) or latest PDCCH/CORESET (right)
Proposal 2: Use DL receive beam for CLI-RSSI measurement.
SRS-RSRP measurement and reporting
In NR Rel-15, SRS-Config IE is used to configure SRS transmissions, and it defines a list of SRS resources and a list of SRS resource sets. To accurately reflect the CLI, it is desirable that SRS transmitted by aggressor UE, which is used for CLI measurement, follows the same power control adjustment states as PUSCH. 
It is agreed that measurement resource for SRS-RSRP is configured by SRS resource configuration. Higher layer parameter SRS-Resource in Rel-15 semi-statically configures the SRS parameters including the spatial relation between a reference RS and the target SRS. Because Rel-15 SRS resource configuration is used for SRS transmission, the spatial relationship is interpreted as follows:
[bookmark: _Hlk512513074]“If the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS.” 
For SRS-RSRP measurement resource configured at a victim UE, the above bold-text phrase “transmit the target SRS resource with the same spatial domain transmission filter” should be changed to “measure the target SRS RSRP the with the same spatial domain reception filter” in the interpretation of the higher layer parameter spatialRelationInfo.
To avoid DL interference in SRS-RSRP measurement, it is desirable that PDSCH transmissions to the victim UE or its peer UEs are rate matched around the REs for SRS-RSRP measurement. In NR Rel-15, both RB-symbol level and RE level rate matching are supported. For RB-symbol level rate matching, up to 4 rate matching patterns can be configured per BWP and up to 4 per serving-cell. A RateMatchPattern contains a pair of bitmaps: an RB level bitmap and a symbol level bitmap. A bit value equal to 1 means that the corresponding RB-symbol resource is not available for PDSCH. A third bitmap is used to configure the time-domain pattern for rate matching.
For RE level rate matching, a UE can be configured with one or multiple ZP CSI-RS resource set(s), and each ZP CSI-RS resource set can contain maximum 16 ZP CSI-RS resources. Although the resource mapping of ZP CSI-RS is not exactly the same as the mapping of SRS, multiple ZP CSI-RS resources can be used to cover the REs used for SRS transmission. One example is demonstrated in Figure 4, 8 ZP CSI-RS resources with density-3 are used to cover the REs of SRS spanning 4 OFDM symbols and using comb-2.


[bookmark: _Ref718035]Figure 4. 8 ZP CSI-RS resources (left) covers a comb-2 4-symbol SRS (right)
Observation 2: No need to introduce new RE or RB symbol level rate matching mechanisms for SRS-RSRP measurement.
We discuss next the timing options for the transmission and reception (i.e., measurement) of the CLI reference signal: 
· Option 1: Transmission at UL transmission timing and reception at DL reception timing. This options uses the normal transmission and reception timing without any changes at the transmitting UE or the receiving UE.
· Option 2: Transmission at UL transmission timing and reception at UL transmission timing. This options does not require change in timing at the transmitter UE but requires change at the receiving UE. This option is compliant with the agreement that: the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing in order to perform SRS-RSRP measurement. The constant offset in this option is equal to the sum of the timing advance and the timing advance offset.
· Option 3: Transmission at DL reception timing and reception at DL reception timing. This option was proposed in [2] and it requires changing the transmission timing at the transmitting UE but no change at the receiving UE.
In order to compare the timing offset under the timing options above, we consider a scenario of two UEs connected to two gNBs in two different cells, as shown in Figure 5, where di distance between UEi and gNBi, i=1,2 and d is the distance between the two UEs.


[bookmark: _Ref894297]Figure 5. UE CLI in neighboring cells.
Suppose that gNB1 and gNB2 are synchronized, i.e., both have a common DL transmission timing t. Therefore, the DL reception timing of UE1 and UE2 is:
 and  ,
respectively and the UL transmission timing of UE1 and UE2 is  
 and  ,
respectively, where  and  are the timing advance offsets (corresponding to  in [TS 38.133]) for UE1 and UE2, respectively. Suppose that UE2 transmits reference signal and UE1 desires to measure the reference signal from UE1. The general formula for the timing offset Toffset between the desired received reference signal relative to the reception timing used by the receiving UE is

where  is the transmission timing used at the transmitting UE, d/c is the propagation delay between the two UEs and  is the reception timing used at the receiving UE. We summarize in Table 1 the timing offsets under the three timing options.
[bookmark: _Ref894329][bookmark: _Ref894318]Table 1. Timing offset under different timing options.
	
	Transmission timing 
	Reception timing 
	Time offset 

	Option 1
	UL transmission timing

	DL reception timing

	+ d/c) 
= d2/c+∆2-d/c+d1/c

	Option 2
	UL transmission timing

	UL transmission timing

	 + d/c) 
= d2/c+∆2-d/c-d1/c-∆1

	Option 3
	DL reception timing

	DL reception timing
 
	 + d/c) 
= d2/c-d/c-d1/c



We calculate the timing offset numerically in a simplified scenario with inter-site distance of 500 m (macro) where UE1 is fixed near the cell edge of gNB1 and the timing offset observed at UE1 is evaluated for different locations of UE2, as shown in Figure 6. In Figure 6, a contour line means that the time offset at UE1 is the same if UE2 is at any point on this line and the value of the timing offset is given by the label on that line. We used ∆1 =∆2 =13µs (corresponding to  = 25600 in ) in our calculations. We observe that the (absolute value of) timing offset is up to approximately 440Ts, 48 Ts and 40 Ts for Option 1, Option 2 and Option 3, respectively. The timing offset for Option 1 clearly exceeds the normal CP, which equals 144 Ts for 15 kHz SCS. We also observe that, if UE2 is also near the cell edge (which is the situation that is likely to cause strong UE CLI), the timing offset is less than 24 Ts for Option 2 and Option 3. We conclude that Option 2 and Option 3 can both reduce the timing offset. However, Option 2 does not require changing the transmission timing. One benefit of keeping the transmission timing unchanged is that Rel-15 UEs can be used to transmit SRS for CLI measurement by Rel-16 UEs. 
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	(a) Option 1.
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	(b) Option 2.
	(c) Option 3.


Figure 6. Timing offset in macro scenario with ISD=500m for different timing options.Distance (m)

Proposal 3: Use UE’s UL transmission timing as the CLI measurement timing and no transmission timing adjustment is required for SRS transmission.
We evaluate next the sensitivity of RSSI and RSRP measurements to the timing offset Toffset via numerical simulations. In the simulations, we used 1-symbol SRS with frequency comb 2 and signal power normalized to 1. Figure 7 shows the measurement accuracy under different channel models: TDL-C (NLOS), TDL-E (LOS) and AWGN with random phase. For the TDL channels, the Doppler shift was set to 5 Hz. The RSSI is measured over the REs occupied by SRS. For measuring SRS-RSRP, the receiver performs the following steps: 1) multiplies the received signal in the frequency domain with the conjugate of the SRS sequence, 2) IFFT and 3) finds the peak value. For both RSSI and RSRP, layer 3 filtering [TS 38.331] is applied:  with  where we used Filter Coefficient k=4. We observe from Figure 7 that RSSI is less sensitive to the timing offset. Figure 8 shows similar results when two sequences with equal powers are transmitted. We remark that, when the RSRP of one of sequences is measured, the other sequence counts as interference to it.
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Figure 7. Measurement sensitivity to timing offset. Single sequence. (mW)
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[bookmark: _Ref894469]Figure 8. Measurement sensitivity to timing offset. Two sequences with equal powers. 

Observation 3: SRS-RSRP is sensitive to the timing misalignment
In summary, SRS-RSRP is sensitive to timing misalignment and it introduce additional complexity at a UE device than RSSI measurement. Therefore, the number of SRS, x, can be monitored in a slot for CLI measurement by a UE device should depend on UE’s capability. Based on the previous agreement, the range of integer x should be 0≤x≤8. 
Proposal 4: UE’s support of SRS-RSRP measurement is optional with capability signaling, i.e., x SRS in a slot can be monitored for CLI measurement, and 0≤x≤8.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this contribution, we discussed RSSI and SRS-RSRP based CLI measurement and reporting at a UE device. Based on the discussion, we have the following observations and proposals:
Observation 1: RSSI measurement has low complexity and high flexibility.
Observation 2: No need to introduce new RE or RB symbol level rate matching mechanisms for SRS-RSRP measurement.
Observation 3: SRS-RSRP is sensitive to the timing misalignment
Proposal 1: SLIV could be used as symbol-level indication, and RIV could be used as PRB-level indication for RSSI measurement resource configuration. CLI-RSSI measurement resource configuration could also contain RE pattern indication.
Proposal 2: Use DL receive beam for CLI-RSSI measurement
Proposal 3: Use UE’s UL transmission timing as the CLI measurement timing and no transmission timing adjustment is required for SRS transmission.
Proposal 4: UE’s support of SRS-RSRP measurement is optional with capability signaling, i.e., x SRS in a slot can be monitored for CLI measurement, and 0≤x≤8.
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Time offset (in Ts). TX @ UL TX, RX @ DL RX.
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Time offset (in Ts). TX @ UL TX, RX @ UL TX.
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Time offset (in Ts). TX @ DL TX, RX @ DL RX (HW).
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