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1. Introduction
In RAN4#108bis meeting, the WF[1] for WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 1) was agreed. In this contribution, we discuss the open issues for scheduling and measurement restriction for UE with FR2 multi-Rx chain DL reception capability.
2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussion on scheduling restriction
3.1 Scheduling restriction for L1 measurement (RLM/BFD/CBD/L1-RSRP)
Followings were the agreements in last meeting,
	Issue 3-1-1: Updated conditions/cases for scheduling restriction that can be relaxed for CSI-RS based L1 measurements for multi-Rx
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s).
· FFS: The CSI-RS and only one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· [FFS how to capture UE is activated with multi-Rx operation]


The scenario for scheduling restriction relaxation is like in the following figure: the CSI-RS for L1 measurement is colliding with PDSCH1 and PDSCH2 on time domain, and CSI-RS is QCLed typeD with the active TCI of PDCCH1/PDSCH1. Since CSI-RS1 and PDSCH1 has no scheduling restriction as specified in legacy requirement, CSI-RS1 will not cause scheduling restriction on PDSCH2 if resources of the active TCI states for the two PDCCHs or PDSCHs have been reported via GBBR in a pair.
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Figure 1. Scenario for scheduling restriction relaxation
For the “FFS: The CSI-RS and only one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)”, we think it’s necessary to have condition that “the CSI-RS and both of the PDSCHs are on the same OFDM symbol(s)”. To pair the best simultaneous reception of two PDSCHs, UE will use the best paired Rx beams, however, for RLM evaluation on CSI-RS from one TRP, UE may choose the best individual Rx beam rather than the Rx beam in best paired Rx beams. Thus, if PDSCH1 is not conditioned to collide with CSI-RS1, the Rx beam for UE to measure CSI-RS1 may be not able to pair with the one for PDSCH2 reception.
Regarding “FFS how to capture UE is activated with multi-Rx operation”,  it is useful to understand the signalling exchange between the UE and the network, and the normal network and UE behavior. In our understanding, it involves the following steps:
1.   UE reports its capabilities such as 16-2c (simultaneousReceptionDiffTypeD-r16) and/or 2-29a (groupBeamReporting), to network.
2.   The network configures group-based beam reporting or GBBR (groupBasedBeamReporting-r17) to the UE, and the UE starts L1 GBBR measurement and reporting.
After Steps 1 &2, both the network and the UE understand the UE is in multi-RX operation.
3.   The network may or may not configure dual TCI states for the UE for simultaneous DL PDSCH reception, depending on GBBR outcome. If not, the UE may choose to shut off one RX and fall back to single-RX operation.
4.   If the network configures the UE with dual TCI states, i.e., simultaneous DL PDSCH reception, it can be assumed that the UE is in multi-RX operation.
5.     While the UE is multi-RX operation, at some point the UE experiences overheating or wants to save power, and thus uses UAI to inform the network that it does not prefer multi-RX operation due to power saving or overheating and fall back to single-RX operation. After receiving the UAI, the network turns off GBBR and configures single TCI for the UE.
6.   While in single-RX operation, if the power saving or overheating issues goes away, the UE may use UAI to inform the network that it wants to resume multi-RX operation. After receiving the UAI, the network turns on GBBR and subsequently configures dual TCI for the UE if there is suitable beam pair reported from GBBR.
From the above procedure, it can be seen that to assume UE is activated with multi-Rx operation, the following conditions need to be met:
· The network configures groupBasedBeamReporting-r17 to the UE, and
· UE indicates to the network its preference of multi-RX operation, or
· The network has configured dual TCI states with different QCL Type D RS for simultaneous PDSCH reception within the past [X] seconds, during which UE has not indicated it prefers single-RX operation. Note X is FFS.
Proposal 1: Updated conditions/cases for scheduling restriction that can be relaxed for CSI-RS based L1 measurements for multi-Rx:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s).
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· UE is activated with multi-Rx operation, i.e., 
· The network configures groupBasedBeamReporting-r17 to the UE, and 
· UE indicates to the network its preference of multi-RX operation, or
· The network has configured dual TCI states with different QCL Type D RS for simultaneous PDSCH reception within the past [X] seconds, during which UE has not indicated it prefers single-RX operation. Note X is FFS.
3. Discussion on measurement restriction for L1 measurement
The agreements in last meeting was:
	Issue 3-2-2: Conditions that measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
·  [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
· One CSI-RS has same QCL source as the active TCI state of one PDSCH, and the other CSI-RS has same QCL source as the active TCI state of the other PDSCH
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
·  [FFS how to capture UE is activated with multi-Rx operation]


For CSI-RS based L1 measurement, the similar scenario as for scheduling restriction can be considered for possible enhancement. For instance, as shown in figure 2,
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Figure 2. Scenarios for CSI-RS based L1 measurement restriction relaxation
In multi-TRP operation scenario, for the case PDCCH/PDSCHs are transmitted from two TRPs simultaneously, and two CSI-RS are transmitted from different TRPs, L1 measurement restriction relaxation can be made for CSI-RS based RLM/BFD/L1-RSRP measurements with multi-Rx when following conditions are met:
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· One CSI-RS has same QCL source as the active TCI state of one PDSCH, and the other CSI-RS has same QCL source as the active TCI state of the other PDSCH
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· UE is activated with multi-Rx operation (up to definitions in other requirement)

In the example of figure 2, the logic behind can be clarified based on the scheduling restriction agreements: 
(1) CSI-RS1 can be received simultaneously with PDSCH2
(2) CSI-RS2 can be received simultaneously with PDSCH1
(3) PDSCH1 can be received simultaneously with PDSCH2, due to GBBR report
(4) Therefore, according to (1)(2)(3), CSI-RS1 can be received simultaneously with CSI-RS2.
The condition for measurement restriction of CSI-RS based L1 measurement can reuse the similar conditions from the scheduling restriction requirement.
Proposal 2: Conditions that measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx:
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· One CSI-RS has same QCL source as the active TCI state of one PDSCH, and the other CSI-RS has same QCL source as the active TCI state of the other PDSCH
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· UE is activated with multi-Rx operation, i.e., 
· The network configures groupBasedBeamReporting-r17 to the UE, and 
· UE indicates to the network its preference of multi-RX operation, or
· The network has configured dual TCI states with different QCL Type D RS for simultaneous PDSCH reception within the past [X] seconds, during which UE has not indicated it prefers single-RX operation. Note X is FFS.
4. Conclusion
In this contribution, we discuss the measurement and scheduling restriction for multi-Rx chain capable UE.
Proposal 1: Updated conditions/cases for scheduling restriction that can be relaxed for CSI-RS based L1 measurements for multi-Rx:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s).
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· UE is activated with multi-Rx operation, i.e., 
· The network configures groupBasedBeamReporting-r17 to the UE, and 
· UE indicates to the network its preference of multi-RX operation, or
· The network has configured dual TCI states with different QCL Type D RS for simultaneous PDSCH reception within the past [X] seconds, during which UE has not indicated it prefers single-RX operation. Note X is FFS.

Proposal 2: Conditions that measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx:
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· One CSI-RS has same QCL source as the active TCI state of one PDSCH, and the other CSI-RS has same QCL source as the active TCI state of the other PDSCH
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
· UE is activated with multi-Rx operation, i.e., 
· The network configures groupBasedBeamReporting-r17 to the UE, and 
· UE indicates to the network its preference of multi-RX operation, or
· The network has configured dual TCI states with different QCL Type D RS for simultaneous PDSCH reception within the past [X] seconds, during which UE has not indicated it prefers single-RX operation. Note X is FFS.
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