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The WID [1] includes the following objective of the core part:
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4-layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

In this paper we discuss about scheduling and measurement restrictions.  
Discussion
As we discussed in our other paper in the general scenarios, we think SSB may not be the preferred RS for configuring L1-RSRP or other layer 1 measurements for a UE supporting 4-layer MIMO and in most practical deployment cases CSI-RS may be used for the beam management of 4-layer MIMO. Hence, simultaneous reception of SSB+SSB may not be a practical case for configuration of L1-RSRP measurements for beam management of 4-layer MIMO. As per our understanding simultaneous reception of CSI-RS + CSI-RS may be most practical case and we think RAN4 should define requirements for this case. In this contribution for further analysis, we assume CSI-RS as the RS to be received simultaneously. 
Scheduling restrictions  
In TS 38.133, scheduling availability requirements are defined for the following scenarios: 
· Scheduling availability of UE during radio link monitoring
· Scheduling availability of UE during beam failure detection
· Scheduling availability of UE during candidate beam detection
· Scheduling availability of UE during L1-RSRP measurement
· Scheduling availability of UE during L3 measurement 
· Scheduling availability of UE during L1-SINR measurement
Some of the existing scheduling availability requirements’ excerpts are copied below to draw some observation and conclusions. 
For RLM:
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	If the RLM-RS is CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON,
-	There are no scheduling restrictions due to radio link monitoring based on the CSI-RS.
-	Otherwise
-	For FR2-1 or the RLM-RS is not using 480 kHz SCS or 960 kHz SCS on FR2-2, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring.
-	For FR2-2 and the RLM-RS is using 480 kHz SCS or 960 kHz SCS, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on RLM-RS symbols to be measured for radio link monitoring, and on one data symbol before each RLM-RS symbol to be measured and one data symbol after each RLM-RS symbol to be measured.
For BFD:
The following scheduling restriction applies due to beam failure detection.
-	For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured and is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON
-	There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
-	Otherwise
-	For FR2-1 or the BFD-RS is not using 480 kHz SCS or 960 kHz SCS on FR2-2, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.
-	For FR2-2 and the BFD-RS is using 480 kHz SCS or 960 kHz SCS, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection, and on one data symbol before each BFD-RS symbol to be measured and one data symbol after each BFD-RS symbol to be measured.

For CBD:
The following scheduling restriction applies due to candidate beam detection
-	For FR2-1, the UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.
For L1-RSRP:
The following scheduling restriction applies due to L1-RSRP measurement.
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise 
-	In non-HST scenario, for FR2-1 the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-persistent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.

For L1-SINR:
The following scheduling restriction applies due to L1-SINR measurement.
-	For the cases of CSI-RS used for L1-SINR measurement of CSI-RS based CMR only case and CSI-RS based CMR plus CSI-RS based ZP-IMR/NZP-IMR case and CSI-RS based CMR plus ZP-IMR case, where CSI-RS is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.8.4
-	There are no scheduling restrictions due to L1-SINR measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on the CSI-RS for L1-RSRP measurement symbols to be measured for L1-SINR for FR2 power class 6 UE which is not configured with [highSpeedMeasFlagFR2-r17], and for the UE not supporting FR2 power class 6;
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on the symbols to be measured for L1-SINR, and on 1 data symbol before symbols to be measured for L1-SINR and 1 data symbol after symbols to be measured for L1-SINR for FR2 power class 6 UE configured with [highSpeedMeasFlagFR2-r17].

From the above requirements excerpts of scheduling restriction, we can observe that when UE can receive CSI-RS along with active TCI state of DL or same spatial relation of UL, there are no scheduling restrictions applicable even for a legacy UE with no capability of simultaneous reception from different panels. 
The issue under discussion in this WI is for the otherwise cases mentioned in the above excerpts. The restrictions captured in the otherwise cases are mainly due to the fact that UE can receive only from the single direction at a time and the direction of data and the RS for measurement may be in different directions and legacy UE cannot receive them simultaneously. When the UE is capable of multiple panels and receiving from multiple directions at the same time, whether the existing restriction can be removed is under discussion. 
As part of the discussion, some companies proposed removal of scheduling restriction and some companies raised concern that the panel selection is a UE implementation and which panel to use for receiving which beam direction and which SSB occasion is a UE implementation aspect and NW would not know that. However, we think the same issue may not be there if RAN4 focuses on CSI-RS in this WI, as this WI is for higher capability UEs for achieving higher data rates using 4-layer MIMO.  
When CSI-RS is used for layer1 measurement (e.g., RLM, BFD, CBD, L1-RSRP, etc.) purpose, most practical case would be CSI-RS is configured as narrow beam and it may be configured to be with in the SSB beam width (i.e., it would be QCled to SSB). To make our point clearer we take the below example similar to [3]. Similar to [3], we consider two-step process.
Step 0: UE reporting SSB based measurements using group-based reporting
In the figure 1, we can observe that, UE would report the group-based measurement results and let’s assume these are based on the SSB.
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Figure 1: Example SSB based L1 beam sweeping at the UE
 

In the step 0, UE would report SSB based group-based measurements, and as per our understanding NW would setup CSI-RS based finer beams based on these measurement results. When UE reported these group-based measurement results, it is safe to assume that UE would know which panel to use for reception of a SSB (and thereby CSI-RS as it is QCLed to SSB).  We also think, though UE frequently performs RX beam sweeping to periodically check and update the possible best panel to receive the SSB, this information can be assumed to be known to UE. In this example, let’s assume SSB 3, 4 and 5 are measured using the panel on the right (i.e., red coloured panel) and SSB 0, 1 and 2 are measured using the panel on the left (i.e., black coloured panel)
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Figure 2: CSI-RS reception with the assumption that SSB is configured as QCL source
  
Step 1: Panel determination for L1 measurement based on the QCL assumption derived from SSB based group-based measurements
In step 1: NW configures CSI-RS (e.g., CSI-RS 0 to 8) which are QCL’ed to let’s say SSB 4. Since CSI-RS is QCL’ed to SSB 4, we think it is reasonable to assume UE would measure the CSI-RS using same panel which is used to measure SSB 4. 
Now let’s assume the case where UE would rotate, and the panel orientation changes. In this scenario also unless NW changes QCL assumption, UE could use the same panel for CSI-RS that was used to measure the SSB. In this example, let’s say after rotation UE uses black coloured panel to measure or receive SSB4, then UE shall use same panel to measure or receive the CSI-RS 0 to 8. 
CSI-RS repetition ON or RX beam sweeping using CSI-RS:
If the UE is configured with CSI-RS repetition ON, then UE would need to RX beam sweep for determining the best possible directions for CSI-RS reception. Even in this case, since the panel used for CSI-RS is fixed, UE would only fine tune the angle of reception with this panel and will not use another panel to perform RX beam sweep the CSI-RS.
In the above example, let us assume that SSB 0, 1, 2 are measured from one panel (black coloured panel) and SSB 3, 4, 5 are measured using another panel (red coloured panel). At this stage, NW do not know what the panel was used for measurement of SSB 0 to 5. However, with the group-based beam reporting enabled for SSB based measurements, NW can know which SSB can be received simultaneously. This RS information can be used at NW for configuring the QCL information for simultaneous CSI-RS reception. 
With the group-based beam reporting, NW would know which RSs can be received simultaneously. That means as long as these RSs which can be received simultaneously are used as QCL relations for data and measurement RS, or RS and RS for measurement, they can be received simultaneously without any scheduling restrictions or measurement restrictions.  
Based on the above analysis, we can summarise that when the SSB (from group-based measurements) is configured as the QCL source for L1 measurement RS, UE can be assumed to use the same panel for L1 measurement as the panel that was used to measure the SSB.   
Proposal 1:  When the SSB (e.g., based on group-based measurement results) is configured as QCL resource for CSI-RS measurements, UE can use that QCL information to select the panel for measurements using CSI-RS.

Proposal 2:  RAN4 to agree that scheduling restrictions are not needed under the proposal 1 assumptions.  
Measurement restrictions 
Measurement restrictions are defined, based on the same principles as discussed above for scheduling restrictions. 
Proposal 3:  RAN4 to agree that similar principles as scheduling restriction apply for measurement restrictions. 
Summary
The following have been observed and proposed in this contribution.
Proposal 1:  When the SSB (e.g., based on group-based measurement results) is configured as QCL resource for CSI-RS measurements, UE can use that QCL information to select the panel for measurements using CSI-RS.
Proposal 2:  RAN4 to agree that scheduling restrictions are not needed under the proposal 1 assumptions.
Proposal 3:  RAN4 to agree that similar principles as scheduling restriction apply for measurement restrictions.
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