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Introduction
In RAN1 Ad-Hoc meeting 1901 in Taipei, it was agreed that both RSSI and SRS-RSRP for CLI measurement is supported, and the following agreements were reached:
Agreement
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

Agreement
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

Agreement
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


Agreement
For SRS-RSRP measurement report, L3 measurement reporting is applied
Agreement
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

Agreement
For L3 measurement reporting of RSSI/SRS-RSRP, the specification detail on the reporting and triggering mechanism is discussed in RAN2
· Send an LS to RAN2 (LGE, Hyunsoo)

Agreement
· From a specification perspective, the measurement/report configuration of CLI-RSSI and SRS-RSRP are independent.
· FFS: UE capability discussion
As seen, the RSSI measurement configuration were agreed upon during the meeting, while some open issues remaining for defining the SRS-RSRP measurements, namely
· Value of the fixed timing offset relative DL timing for SRS measurement 
· If SRS transmission timing other than UL timing is to be introduced
· If PDSCH rate matches around REs of SRS resources configured for CLI measurement
· If current SRS transmission configuration and triggering methods can be re-used for SRS transmission for CLI measurement purpose or if more flexibility is needed
Furthermore, in [2], some other proposals regarding modified behaviour of SRS transmission for CLI measurement purpose such as if different transmission power or different Tx beam selection should be applied.
In this paper, we discuss these remaining issues. 
SRS transmission and reception timing
As the propagation distance between UEs in neighbouring cells likely is different from the propagation distances between the UEs and their serving gNB, the timing may need to be changed from the regular UL/DL timing by either adjusting it at receiver or transmitter side.
One issue with introducing a special transmission timing offset for SRS for CLI measurement is that the SRS would collide with adjacent resources, which needs to be handled. For example, if the UE is to transmit the CLI-SRS with a smaller timing advance than regular UL transmissions, the OFDM symbol following the SRS must be blanked as the SRS will cover part of it, as shown in Figure 1. Further, transmission timing adjustments will cause backward-compatibility issues with legacy UEs, since they can only transmit using the legacy timing. Hence, if a new SRS transmission timing is introduced, CLI measurement cannot be performed on legacy UE’s SRS.  
Therefore, we propose that no special timing adjustment is introduced for SRS transmission for CLI measurement purpose. Instead, if some timing adjustments are needed to improve performance, these can instead be applied at the receiver side by the measuring UE.
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[bookmark: _Ref188175]Figure 1. Resource loss due to different transmission timing advances for CLI-SRS and regular UL transmissions. 
[bookmark: _Toc1144428]SRS transmission for CLI measurement purpose uses legacy timing advance
Whether measurement timing adjustments are required or not depend very much on the cell size. Consider the deployments in Figure 2 with UE1 causing CLI to UE2. Due to the propagation delay  between a UE and its serving gNB, the downlink reception timing for each UE will have an offset of    relative to its serving gNBs downlink transmission timing. To compensate for this, the UE will apply a timing advance of  with respect to its downlink reception timing when performing uplink transmissions. This timing advance is used to align the timing between the received uplink signals from different UEs at the serving gNB. For example,  for UE1 in Figure 2, by applying the timing advance , its UL transmission timing has a time offset  relative to its serving gNB’s DL transmission timing and the data transmitted from UE1 will thus be received at its serving gNB with a time offset   relative to its serving gNB’s DL transmission timing, where  is the fixed offset between the UL reception timing and the DL transmission timing at a gNB,  and it is used to account for TX/RX switching processing time. 
If the CLI-SRS is transmitted by UE1 with this , it will be received by UE2 with a timing offset relative to UE2’s downlink reception timing, where  is the propagation delay between UE1 and UE2. This is visualized in Figure 3. 
Two (somewhat simplified) worst-case scenarios are illustrated in Figure 2, where the aggressor and victim UEs (UE1 and UE2) are at roughly the same place, on the edge of their serving cells, so that . 
Scenario A in Figure 2 shows a homogenous deployment, where the cell sizes are similar, thus, similar propagation delays  can be assumed. Then, for the victim UE (UE2), the timing offset between its CLI-SRS reception timing and its DL reception timing can be approximated by , and the value of  depends on the cell radius as , where  is the cell radius and  the speed of light.
Scenario B in Figure 2 shows a heterogenous deployment, e.g., a macro-to-indoor scenario, where the cell sizes are different. In this scenario, the timing offset can also be approximated by , different from scenario A, the value of  for Scenario B depends on the average cell radius of the two interfering cells, i.e.,   and . Note that the approximation of  for Scenario A is a special case of the approximation of  for Scenario B.
The timing misalignment for different cell sizes and numerologies for this case are presented in Table 1, which indicates both the timing misalignment  as well as the resulting timing misalignment  if the SRS measurement timing window is offset by . The timing misalignments were calculated as


where  is the symbol duration,  is the basic timing unit defined in TS 38.211 and  the timing advance offset (in number of ) defined in [TS 38.133 Table 7.1.2-2] ( for FR1 without LTE-NR coexistence and  for FR2). For small cells and/or low SCS, the timing misalignment after compensation with  is at most a few percent (see Table 1), which will have little effect on the measurement since it is within the cyclic prefix (CP) (the CP length is ~6% of the symbol). 
For larger cells and large SCS, the impact is however significant and additional offset may need to be applied. As dynamic TDD operation may only be feasible in small cell scenarios, using a fixed SRS measurement offset of  is likely sufficient.
[bookmark: _Toc1144425]For the cell sizes where dynamic TDD is relevant, a fixed timing offset for CLI-SRS measurement is sufficient
[bookmark: _Toc857710][bookmark: _Toc1144429]For SRS-RSRP measurement, the measurement timing is offset with  relative to its own DL receptions timing.

[bookmark: _Ref443917][image: ]Figure 2. Example of deployments suffering from CLI
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[bookmark: _Ref445177]Figure 3. Transmission and reception timing for BSs and UEs.
[bookmark: _Ref446659]Table 1. Timing misalignment as a percentage of the symbol duration. The value  refers to timing error without measurement timing adjustment and  refers to the timing error with the proposed adjustment of .
	SCS
Average cell radius 
	15 kHz (FR1)
	30 kHz (FR1)
	60 kHz (FR2)
	120 kHz (FR2)

	10 m
	

	18.3 (%)
0.09 (%)
	36.6
0.19
	39.6
0.37
	79.2
0.75

	50 m
	

	18.7
0.47
	37.3
0.93
	41.1
1.87
	82.2
3.73

	250 m
	

	20.5
2.3
	41.1
4.67
	48.6
9.33
	97.2
18.7



Reuse of current SRS configurations
In Rel-15, SRS resources are configured by SRS-Resource and can have either periodic, semi-persistent or aperiodic time-domain behaviour. The SRS can be placed in the last 6 UL symbols of a slot and the resource may span 1, 2 or 4 consecutive OFDM symbols. In frequency-domain the SRS is mapped using comb 2 or 4 and the SRS bandwidth is configured on grid with 4 PRB resolution. Furthermore, when PUSCH and SRS are transmitted in the same slot, the UE may only transmit SRS after PUSCH (and the corresponding DM-RS).
The SRS resources are then further grouped into SRS resource sets, where each set is defined with a specific usage and each usage is associated with a certain transmission properties and configuration limitations. There are four specified SRS set usages: codebook, non-codebook, beam management and antenna switching/CSI acquisition. 
Only one codebook or non-codebook based SRS resource set can be configured, where up to two SRS resource can be contained in a codebook-based resource set and up to four resources in a non-codebook based resource set.  These SRS resources are directly tied to PUSCH transmission and are selected by the SRI field of the scheduling DCI. It is thus not clear that these SRS resources can be re-used for SRS transmission for CLI purpose. For instance, it is typically beneficial to apply aperiodic SRS transmission for UL link adaptation (LA) purpose, whereas the SRS for CLI measurement must be a periodic resource since the measurement report is conveyed over L3. One might also want to use only a single SRS port for CLI measurement even if multi-port SRS resource is used for codebook/non-codebook UL operation. If cell and/or UE-group specific transmission of the CLI-SRS is desired, the existing SRS transmissions for codebook/non-codebook cannot be re-used either as the UE-group specific transmission cannot be used for individual UE UL link adaptation or CSI acquisition.
[bookmark: _Toc1144426]For CLI measurement purpose, UE may need to transmit a periodic SRS resource which is different form the one used for PUSCH link adaptation
Thus, it could be beneficial to be able to configure a separate periodic SRS resource which is not directly related to the PUSCH transmission. The SRS Resource set with usage=beamMangement could potentially be re-used for this purpose since up to 16 such sets can be configured, and they are not directly coupled to PUSCH. However, they are associated with the property that only a single SRS resource in each resource set can be simultaneously transmitted, which is not a limitation required for CLI measurement SRS resource. In addition, they are associated with a separate UE capability which is not typically reported by a FR1 UE. 
Similarly, the SRS resource sets with usage=antenna switching/CSI acquisition, are tightly coupled to the UEs reported capability and the UE is only expected to be configured with resources and sets in a certain way.
To enable SRS transmission for CLI purpose, a new SRS resource set usage could be introduced, or existing SRS set usages could be made more flexible and not as tightly coupled with UE’s reported capability. That is, it is not tightly coupled with only CLI measurement, so the SRS could be re-used in future applications. One option is to allow more SRS resource sets with antenna switching/CSI acquisition to be configured. Another option is to introduce a new, more generic, set usage for SRS.
[bookmark: _Toc1144430]For SRS transmission for CLI measurement purpose, consider making SRS resource set configuration for sets with usage=antenna switching/CSI acquisition more flexible or introducing a new generic SRS resource set usage
PDSCH rate matching
Another open issue is if configured SRS resources for CLI measurement purposes are rate matched around by PDSCH. Since, in our proposal, the measurement timing of SRS measurement is offset relative to its own DL reception timing, using RE level rate matching is not possible due to the non-aligned frames. Instead, PDSCH transmission must be avoided completely in the OFDM symbols overlapping with the SRS measurement. The next question is if such behaviour can already be supported by Rel-15 or if new behaviour is needed. 
In our understanding, there are multiple tools in the Rel-15 toolbox that can be used to accomplish this goal. For instance, the gNB can in its implementation simply avoid scheduling PDSCH on the SRS measurement resources by for instance shortening the PDSCH duration or avoiding scheduling in the slots where SRS is measured entirely. Another option, which may be more suitable in order to control UE complexity, is to configure a measurement gap overlapping the SRS resources to assure UE that it does not need to receive PDSCH simultaneously as it does the CLI measurement, similar to how inter-frequency measurements are handled. Yet another option is to configure reserved resources (i.e. rate matching with RB/symbol-level granularity) overlapping the SRS measurement resources, taking into account the difference in timing. Thus, a new mechanism for rate matching is not needed.
[bookmark: _Toc1144431]No new PDSCH rate matching functionality is introduced for SRS for CLI measurement
 
Other issues
Other proposal that was listed in the feature lead summary was for instance if different beam direction or power control should be applied for SRS for CLI measurement. Regarding the former, we note that each SRS Resource can already be configured with an independent spatialRelationInfo, which indicates the RS to use as spatial relation and thus which beamforming should be applied. The Tx beam for the SRS transmission can thus be arbitrarily indicated already and no further spec change is needed. Similarly, the power control parameters , alpha as well as the pathloss reference RS is already independently configured per SRS resource set, hence the SRS for CLI measurement purpose, if configured in a separate SRS resource set, can already be independently power controlled (and the gNB can choose to either follow the PUSCH power control or not). Hence, no further spec changes are required.
[bookmark: _Toc1144427]There already existing mechanisms in the spec to independently determine the TX beam direction and power control parameter for an SRS resource (set)
[bookmark: _Toc1144432]No further spec changes are needed to control Tx beam direction or PC parameters for SRS transmission for CLI measurement purpose 
There is also an FFS regarding measurement accuracy relaxations for SRS-RSRP measurement to account for imperfect timing knowledge. These potential measurement relaxations should be left for RAN4 to determine and does not need to be further discussed in RAN1. The details on measurement relaxations cannot be decided until the details of the measurement procedure are set anyway.
[bookmark: _Toc1144433]Details on potential measurement relaxations are left for RAN4
Conclusion 
In this contribution we have discussed SRS transmission for UE-to-UE CLI measurements.
Observation 1	For the cell sizes where dynamic TDD is relevant, a fixed timing offset for CLI-SRS measurement is sufficient
Observation 2	For CLI measurement purpose, UE may need to transmit a periodic SRS resource which is different form the one used for PUSCH link adaptation
Observation 3	There already existing mechanisms in the spec to independently determine the TX beam direction and power control parameter for an SRS resource (set)

Proposal 1	SRS transmission for CLI measurement purpose uses legacy timing advance
Proposal 2	For SRS-RSRP measurement, the measurement timing is offset with  relative to its own DL receptions timing.
Proposal 3	For SRS transmission for CLI measurement purpose, consider making SRS resource set configuration for sets with usage=antenna switching/CSI acquisition more flexible or introducing a new generic SRS resource set usage
Proposal 4	No new PDSCH rate matching functionality is introduced for SRS for CLI measurement
Proposal 5	No further spec changes are needed to control Tx beam direction or PC parameters for SRS transmission for CLI measurement purpose
Proposal 6	Details on potential measurement relaxations are left for RAN4
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