[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #109                                                               R4-2319723                                                                                                                   
Chicago, US, November 13 – 17, 2023
Source:	Samsung
Title:                        Discussion on measurement/scheduling restriction for Multi-Rx
Agenda item:			8.7.2.4
Document for:	Discussion
1. Introduction
In last meeting, the RRM requirements for NR FR2 multi-Rx chain DL reception	Scheduling/measurement restrictions have been discussed [1], In this contribution, we would like to further provide our analysis on the remaining issues.
2 Discussion 
[bookmark: _Toc116995848]2.1 Issue 3-2-2: Conditions that measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx
2.1.1 The necessity of the applicability definition
In last meeting, the following bullets were agreed
	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]


Actually, before we discuss the conditons with brackets for such mTRP requirement enhancement, RAN4 would better to define the applicability of the measurement/scheduling restriction requirement. In other words, the transmission scheme assumption, i.e., sDCI or mDCI or both,  based on which, the intra-cell multi-TRP operation scenario can be reflected clearly, otherwise UE have no idea whether to/when to relax the measurement/scheduling restriction, since UE is unaware of whether one or multiple TRPs are used to transmit without “NW indication”. But if sTRP is considered, there is no need to enhance the requirement, the legacy ones can be reused. 
In fact, from our  understanding, there are three main aspects for the  multi-RX  requirements enhancement:
· L1 measurement (delay)
· (dual)TCI state switching delay 
· Measurement/scheduling  restriction
More specifically, from NW side, for  L1 measurement, the Rel-17 GBBR is considered as the prerequisite. For (dual)TCI state switching delay, the enhanced requirement are divided into two parts: sDCI and mDCI with different configurations, i.e., for sDCI, UE is configured with twoQCLTypeDforPDCCHRepetition, and for mDCI, UE is configured with different CORESETPoolIndex, such configurations realistically implicitly indicate mTRP deployment and differentiate the TRPs. In this sense, UE may definitely know when/whether to enhance the requirement since the mTRP deployment is indicated by considering the specific configurations. However, such applicability is missing for measurement/scheduling  restriction requirement.
Observation 1: The applicability of the measurement/scheduling restriction requirement is missing.
Proposal 1: RAN4 should define the applicability of the measurement/scheduling restriction requirement, i.e., sDCI or mDCI or both, otherwise UE can not know whether to/when to relax the measurement/scheduling restriction
2.1.2 The discussion on the applicability confirmation
In last meeting, companies focus on the second bullets: [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol], and the controversial point is whether to restrict “both PDSCHs are overlapped on the same OFDM symbol”, actually we think the wording “both PDSCHs” is very questionable. 
From our understanding,  for mTRP transmission, we have two cases:1)  sDCI; and 2) mDCI.
1) sDCI case:
For sDCI, the PDSCH scheduled by single PDCCH can be SDM (different layers), FDM, TDM, SFN, and Repetition. But in this sense, the PDSCH we considered is "single/one PDSCH", which aligns with RAN1 discussion. Even though we assume “UE is provided with twoQCLTypeDforPDCCHRepetition”, that is PDCCH repetition (tdmScheme and fdmScheme are contained) is considered, the PDSCH we considered is still single/one PDSCH. Following, we take repetitionScheme as example:
	38.214
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc36645497][bookmark: _Toc45810542][bookmark: _Toc122105091]5.1 UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter repetitionScheme set to one of 'fdmSchemeA', 'fdmSchemeB', 'tdmSchemeA', if the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)'.
-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeA', the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeB', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to 'tdmSchemeA', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described in Clause 5.1.2.1. 


Observation 2: For sDCI, the PDSCH scheduled by single PDCCH can be SDM, FDM, TDM, SFN, and Repetition, but the PDSCH is actually the one/single PDSCH
Proposal 2: For sDCI, it is not appropriate to indicate“two PDSCHs” and to define the condition of “both PDSCHs are overlapped on the same OFDM symbol”.
Proposal 3: The conditions of scheduling/measurement restriction relaxation for CSI-RS based L1 measurements is not applicable to sDCI.
2) mDCI case:
For mDCI, the PDSCHs from two TRPs scheduled by multiple PDCCHs can be different, and in this sense, "two PDSCHs" is reasonable and appropriate. Theoretically, there is no restriction for the PDSCHs, that means the two PDSCHs can be overlapped on the same OFDM symbol
3) Besides, we have have another restriction description for sTRP/sDCI and mDCI, specified in TS 38.214, copied as below:
	5.1 UE procedure for receiving the physical downlink shared channel
A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1, 4_0, 4_1, 4_2 or 1_2 decode the corresponding PDSCHs as indicated  by that DCI........When a UE is configured by the higher layer parameter repetitionScheme set to 'tdmSchemeA’, the PDSCH includes two PDSCH transmission occasions. For each PDSCH, if either PDSCH occasion overlaps with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if  provided, the PDSCH is not received and HARQ process ID is not increment for the PDSCH. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. When  HARQ feedback for the HARQ process ID is not disabled, or for the HARQ process associated with the first SPS PDSCH when HARQ-feedbackEnablingforSPSactive is provided and enabled, the UE is not expected to receive another PDSCH for a given HARQ  process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6, TS 38.213].
.....Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, ...


Proposal 4: For mDCI, it is reasonable to indicate“two PDSCHs” and to define the condition of “both PDSCHs are overlapped on the same OFDM symbol”.
2.1.3 The conditions of the measurement restriction
Based on the above analysis, and considering that the keyword: “one PDSCH, the other PDSCH”, “two PDSCHs” were already agreed for the condition as different bullets, we suggest:
Proposal 5:
For FR2-1, when UE is capable of multiDCI-MultiTRP-r16 and configured with different CORESETPoolIndex, for the case PDSCHs are transmitted from two TRPs simultaneously, and two CSI-RSs are transmitted from different TRPs, measurement restriction relaxation can be made for CSI-RS based RLM/BFD/L1-RSRP with different Rx chains 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]
2.2 Issue 3-1-1: Updated conditions/cases for scheduling restriction that can be relaxed for CSI-RS based L1 measurements for multi-Rx
Actually, the same issue may arise for scheduling restriction requirement, we suggest to consider the applicable condition for the scheduling restriction, that is 
Proposal 6:
For FR2-1, when UE is capable of multiDCI-MultiTRP-r16 and configured with different CORESETPoolIndex, for the case PDSCHs are transmitted from two TRPs simultaneously, and CSI-RS is transmitted from anyone of the TRPs, scheduling restriction relaxation can be made for CSI-RS based L1 measurement with different Rx chains when following conditions are met
· 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]
3 Conclusion
[bookmark: _Toc116995849]In this contribution, we provided our viewpoints on measurement/scheduling restriction for FR2 Multi-Rx, accordingly the following proposals are obtained: 
Observation 1: The applicability of the measurement/scheduling restriction requirement is missing.
Proposal 1: RAN4 should define the applicability of the measurement/scheduling restriction requirement, i.e., sDCI or mDCI or both, otherwise UE can not know whether to/when to relax the measurement/scheduling restriction
Observation 2: For sDCI, the PDSCH scheduled by single PDCCH can be SDM, FDM, TDM, SFN, and Repetition, but the PDSCH is actually the one/single PDSCH
Proposal 2: For sDCI, it is not appropriate to indicate“two PDSCHs” and to define the condition of “both PDSCHs are overlapped on the same OFDM symbol”.
Proposal 3: The conditions of scheduling/measurement restriction relaxation for CSI-RS based L1 measurements is not applicable to sDCI.
Proposal 4: For mDCI, it is reasonable to indicate“two PDSCHs” and to define the condition of “both PDSCHs are overlapped on the same OFDM symbol”.
Proposal 5:
For FR2-1, when UE is capable of multiDCI-MultiTRP-r16 and configured with different CORESETPoolIndex, for the case PDSCHs are transmitted from two TRPs simultaneously, and two CSI-RSs are transmitted from different TRPs, measurement restriction relaxation can be made for CSI-RS based RLM/BFD/L1-RSRP with different Rx chains 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]
Proposal 6:
For FR2-1, when UE is capable of multiDCI-MultiTRP-r16 and configured with different CORESETPoolIndex, for the case PDSCHs are transmitted from two TRPs simultaneously, and CSI-RS is transmitted from anyone of the TRPs, scheduling restriction relaxation can be made for CSI-RS based L1 measurement with different Rx chains when following conditions are met
· 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.
· [bookmark: _GoBack][ UE is activated with multi-Rx operation]
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