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Introduction
As part of CLI and RIM measurements RAN4 was tasked to define CLI measurement requirements. In RAN4#92 meeting, WF [1] was agreed on CLI measurement. In this contribution we provide our views on scheduling restriction for PDSCH/PDCCH while performing CLI measurements.
Discussion
In the WF [1] on CLI measurements, following is agreed on scheduling restriction for CLI measurement.
· SRS-RSRP measurement
· Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on Y data symbol before SRS-RSRP measured symbol in intra-band CA.
· CLI-RSSI measurement
· Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols in intra-band CA.
· FFS for scheduling restriction on X data symbol before CLI-RSSI measured symbol.

· Y and X values depends on TCLI.

Main scheduling restriction for CLI measurement may come from time of arrival of CLI measurement resource w.r.t DL reference timing of UE. Which is denoted as TCLI. TCLI may depend on SNR side condition, distance of aggressor UE from its serving gNB, distance of victim UE from its serving gNB, distance of aggressor UE to victim UE and synchronisation error between aggressor and victim serving cells. Since these factors are discussed in [4] for TCLI side condition, we are not considering these factors in this contribution. 

SRS-RSRP measurement
As per RAN1 agreement [3], 
· UE is not required to measure a SRS that uses a different SCS than used in the active DL BWP of the same carrier.
· The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing. Deriving the constant offset is up to UE implementation.
In RAN4#91 meeting, it was agreed [2] that for FR2 CLI measurement, a UE uses the same spatial filter of UE Rx beams as used for one of the latest received PDSCH and the latest monitored CORESET.
Since SCS of active BWP and SRS are same, there is no delay required for switching. Also, since UE assumes same spatial filter for CLI measurement as UE Rx beams, there is no need to switch to other beams to perform CLI measurements, hence beam switch delay is not required. 
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Figure 1: SRS-RSRP measurement scheduling restriction
As per RAN1 agreement [3], UE is not expected to receive PDSCH/PDCCH on SRS measured OFDM symbol and Y symbols before the SRS measured symbol. To find the value of Y, we have to find how many symbols before the DL reference time of serving cell (shown in figure 1), SRS symbol of neighboring cell UE arrives. In other words, it depends on the TCLI and it is proposed [4] as TCLI= TTA_offset + Tcell_phase_sync_err + Tprop_error. Where, 
TCLI is the timing difference between DL reference time of UE and CLI measurement resource. 
TTA_offset is the constant timing offset 
Tcell_phase_sync_err is the cell phase synchronization error. Which is 3us.
Tprop_error is the time error due to propagation of victim and aggressor UE w.r.t each other and w.r.t their respective gNB.

 Without cell phase synchronization error
From figure 1, SRS of neighbouring UE arrives TCLI time before TDL_Ref. Since there is no cell phase synchronisation error, by substituting Tcell_phase_sync_err =0 in TCLI, SRS arrives TTA_offset + Tprop_error before TDL_Ref.

What it means is, if TTA_offset + Tprop_error is less than one DL OFDM symbol length, then Y=1. 
If TTA_offset + Tprop_error is more than 1 DL OFDM symbol length and less than 2 OFDM symbol length, then Y=2.
If TTA_offset + Tprop_error is more than 2 DL OFDM symbol length and less than 3 OFDM symbol length, then Y=3 and so on. 

As discussed in [4], TTA_offset for FR1 is 13us and for FR2 it is 7us. 

According to side condition defined, SRS start time will not go beyond 1 (n-1 symbol as shown in figure) symbol for both FR1 and FR2. Since symbol n is used for SRS RSRP measurement and start of SRS is spanning across n-1, scheduling restriction of 1 symbol is required for SRS-RSRP measurements.  

Based on the above analysis, when the cell phase synchronisation error is zero, irrespective of SCS of DL active BWP and SRS, Y is equal to 1.

Proposal 1: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on 1 data symbol before SRS-RSRP measured symbol in intra-band CA for all SCS when cell phase synchronization error is 0. 
With cell phase synchronization error
When there is a cell phase synchronization error, SRS start time w.r.t. DL timing of victim UE is TTA_offset + Tcell_phase_sync_err + Tprop_error. To compute max TCLI, consider Tcell_phase_sync_err as 3us. For FR2 and SCS of 120 kHz, OFDM symbol length is 8.92us. TTA_offset + Tcell_phase_sync_err + Tprop_error for the same can be 7+3+ Tprop_error, which can be 10us+ Tprop_error. Since this is greater than one OFDM symbol length (8.92us), SRS will start 2 OFDM symbols (n-1 and n-2 symbols as shown in figure 1) before TDL_Ref. 
Similarly considering Tcell_phase_sync_err is 3us, for FR1 and SCS of 60 kHz, OFDM symbol length is 17.84us. TTA_offset + Tcell_phase_sync_err + Tprop_error for the same can be 13+3+ Tprop_error, which can be 16us+ Tprop_error. When Tprop_error is greater than 1.84 us [4], SRS start time can go beyond one OFDM symbol length, which results SRS starting 2 OFDM symbols (n-1 and n-2 symbols as shown in figure 1) before TDL_Ref. 
Based on the above analysis, 2 symbol scheduling restriction is required when cell phase synchronization error is considered for SCS=120 kHz for FR2 and 60 kHz for FR1.

Proposal 2: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on 2 data symbol before SRS-RSRP measured symbol in intra-band CA for SCS of 60 kHz for FR1 and 120 kHz for FR2 and 1 data symbol for other SCS when cell phase synchronization error is non zero

CLI-RSSI measurement
RAN1 has defined CLI-RSSI measurements as follows [3]:
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 measurements by the UE.
As per RAN1 agreement [3],
· SCS for CLI-RSSI can be the same or different as for the active BWP.
In RAN4#91 meeting, it was agreed [2] that for FR2 CLI measurement, a UE uses the same spatial filter of UE Rx beams as used for one of the latest received PDSCH and the latest monitored CORESET.
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Figure 2: CLI-RSSI measurement scheduling restriction
By assuming time tracking agreement of SRS-RSRP is applicable to CLI-RSSI measurements also, X value is computed as described below.
As per RAN4#91 agreement, UE assumes same spatial filter for CLI measurement as UE Rx beams. Due to that there is no need to switch to other beams to perform CLI measurements. Hence, beam switch delay is not required. Though SCS of active DL BWP and CLI-RSSI can be different, as per RAN1 definition of CLI-RSSI, total received power computation may not be impacted by different SCS of DL active BWP. Just like for Y value, for X value also main scheduling restriction comes from TCLI which is defined in our other contribution [4]. Which is given as TCLI = TTA_offset + Tcell_phase_sync_err + Tprop_error. Where, 
TCLI is the timing difference between DL reference time of UE and CLI measurement resource. 
TTA_offset is the constant timing offset 
Tcell_phase_sync_err is the cell phase synchronization error. Which is 3us.
Tprop_error is the time error due to propagation of victim and aggressor UE w.r.t each other and w.r.t their respective gNB.
Without cell phase synchronization error
From figure 2, CLI-RSSI measurement resource of neighbouring UE arrives TCLI time before TDL_Ref. Since there is no cell phase synchronisation error, by substituting Tcell_phase_sync_err =0 in TCLI, CLI-RSSI measurement resource arrives TTA_offset + Tprop_error before TDL_Ref.

What it means is, if TTA_offset + Tprop_error is less than one DL OFDM symbol length, then X=1. 
If TTA_offset + Tprop_error is more than 1 DL OFDM symbol length and less than 2 OFDM symbol length, then X=2.
If TTA_offset + Tprop_error is more than 2 DL OFDM symbol length and less than 3 OFDM symbol length, then X=3 and so on. 

As discussed in [4], TTA_offset for FR1 is 13us and for FR2 it is 7us. 

According to side condition defined, CLI-RSSI measurement resource start time will not go beyond 1 (n-1 symbol as shown in figure) symbol for both FR1 and FR2. Since symbol n is used for CLI-RSSI measurement and start of CLI-RSSI resource is spanning across n-1, scheduling restriction of 1 symbol is required for CLI-RSSI measurements.  

Based on the above analysis, when the cell phase synchronisation error is zero, irrespective of SCS of DL active BWP and CLI-RSSI resource, Y is equal to 1.

Proposal 3: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols, and on 1 data symbol before CLI-RSSI measured symbol in intra-band CA for all SCS when cell phase synchronization error is 0. 
With cell phase synchronization error
When there is a cell phase synchronization error, CLI-RSSI resource start time w.r.t. DL timing of victim UE is TTA_offset + Tcell_phase_sync_err + Tprop_error.  To compute max TCLI, consider Tcell_phase_sync_err as 3us. For FR2 and SCS of 120 kHz, OFDM symbol length is 8.92us. TTA_offset + Tcell_phase_sync_err + Tprop_error for the same can be 7+3+ Tprop_error, which can be 10us+ Tprop_error. Since this is greater than one OFDM symbol length (8.92us), it will start 2 OFDM symbols (n-1 and n-2 symbols as shown in figure 1) before TDL-Ref. 
Similarly considering Tcell_phase_sync_err is 3us, for FR1 and SCS of 60 kHz, OFDM symbol length is 17.84us. TTA_offset + Tcell_phase_sync_err + Tprop_error for the same can be 13+3+ Tprop_error, which can be 16us+ Tprop_error. When Tprop_error is greater than 1.84 us [4], SRS start time can go beyond one OFDM symbol length, which results CLI-RSSI resource start time is 2 OFDM symbols (n-1 and n-2 symbols as shown in figure 1) before TDL-Ref. 
Based on the above analysis, 2 symbol scheduling restriction is required when cell phase synchronization error is considered for SCS=120 kHz for FR2 and SCS=60 kHz for FR1.

Proposal 4: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols, and on 2 data symbol before CLI-RSSI measured symbol in intra-band CA for SCS of 60 kHz for FR1 and SCS of 120 kHz for FR2 and 1 data symbol for other SCS when cell phase synchronization error is non zero.

1.  Conclusion
In this contribution we have discussed scheduling restrictions for CLI measurements and made the following proposals:
Proposal 1: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on 1 data symbol before SRS-RSRP measured symbol in intra-band CA for all SCS when cell phase synchronization error is 0. 
Proposal 2: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on SRS-RSRP measured OFDM symbols, and on 2 data symbol before SRS-RSRP measured symbol in intra-band CA for SCS of 60 kHz for FR1 and 120 kHz for FR2 and 1 data symbol for other SCS when cell phase synchronization error is non zero
Proposal 3: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols, and on 1 data symbol before CLI-RSSI measured symbol in intra-band CA for all SCS when cell phase synchronization error is 0. 
Proposal 4: Depending on the UE capability, UE is not expected to receive PDCCH/PDSCH on CLI-RSSI measured OFDM symbols, and on 2 data symbol before CLI-RSSI measured symbol in intra-band CA for SCS of 60 kHz for FR1 and SCS of 120 kHz for FR2 and 1 data symbol for other SCS when cell phase synchronization error is non zero.
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