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1 	Introduction
According to WF [1], RAN4 have some agreements while some issues are still open. In this meeting, this WI is divided into five agenda items to be discussed : (1) scope and scenario, (2) general issues, (3) L3 measurement, (4) L1 measurement and (5) TCI state switching. The discussion in this paper focus on the “general issues”. 
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Single DCI and/or multiple DCI mTRP operation
· RRM impact of the UE behaviour using a single antennal panel
· Simultaneous L3 measurements and L1 measurements
· UE architectures
· Beam management
· group-based L1 measurement & reporting
· Receive timing difference
· L3 measurements enhancement

2.1 Single DCI and/or multiple DCI mTRP operation
The issue of “single DCI and multiple DCI mTRP operation” is discussed in several meetings. To our understanding, by using multiple DCI mTRP operation, two PDSCHs may be partially overlapped in time and frequency domain. Therefore, the number of MIMO layers may not be always the same in all PRBs. From UE vendor perspective, it will increase the complexity if UE is required to decode the PDSCH with inconsistent number of layers.
[bookmark: _Ref118627829]Proposal 1: In R18 multi-Rx WI, define RRM requirements for single-DCI multi-TRP operation only.

2.2 RRM impact of the UE behaviour using a single antenna panel
The corresponding WF[1] for this issue is provided below.
	Issue 1-2-8: RRM impact of the UE behaviour using a single antennal panel
· Proposals
· Option 1 (LGE): Consider UE measurement behaviour for L1 or L3 related measurement when UE receive the DL signals from multiple TRP using a single antenna panel.
· Option 2 (NTT DOCOMO, Samsung, Intel, OPPO, vivo): Needs RF study conclusion
· Option 3 (Nokia, LGE): L1 and L3 measurement delays and measuring/scheduling restrictions for measurements need to be considered when using single antenna panel on multi Rx capable UEs.
· Option 4 (Qualcomm, Ericsson, Huawei, Xiaomi, MTK, ZTE): No need to discuss


To us, we think, in R18 multi-Rx WI, RAN4 should only define the requirement for the case when two signals with different QCL Type D RS are received by using two active UE Rx panels. For the case when UE use one panel to receive the signals, the existing requirement will be applied by default (i.e. one beam is applied at a time and sharing factor should be considered). And how to identify the case is two panels or one panel is used will depend on the applicability condition which is concluded in RF session.
[bookmark: _Ref118627831]Proposal 2: In R18 multi-Rx WI, no need to discuss the case when two signals are received by one active UE Rx panel at a time.

2.3 Simultaneous L3 measurements and L1 measurements
This issue is regarding whether UE can use different panels to simultaneously perform L3 and L1 measurement for a cell at a time. To our understanding, L3 enhancement is for mobility. However, the intention of this WI is to increase the MIMO layer up to 4 to improve data throughput. So, we tend to believe L3 measurement enhancement is not needed. 
Besides, in order to achieve simultaneous L3 and L1 measurement, joint consideration between L3 and L1 measurement in UE implementation is needed. It will hugely increase UE complexity because UE needs to control different measurements on different panels at a time.
[bookmark: _Ref118627832]Proposal 3: In R18 multi-Rx WI, UE is not required to perform both L3 measurements and L1 measurements at a time.

2.4 Beam management
In previous meeting, some companies thought the principle of independent beam management (IBM) can be reused for R18 multi-Rx WI. The corresponding WF[1] is provided below.
	Issue 1-2-6: Beam management
· Proposals
· Option 1 (vivo): Principle of defining beam management related requirements for IBM can be extended for multi-Rx chain
· Option 2 (Nokia): Independent beam management between multiple Rx chains on the same carrier is assumed in this work item.
· Option 3: Further clarify which beam management requirements are used for multi-RX WI.
· Note: Company is encouraged to check if this issue is covered by other issues already.


As other companies comment in the last meeting, IBM is for inter band CA scenario. However, the scenario considered in R18 multi-Rx WI is one component carrier. So, based on this observation, we do not think the same logic can be reused.
[bookmark: _Ref118627833]Proposal 4: Not to use the principle of independent beam management to define the requirement for R18 multi-Rx WI.

2.5 Group based L1 measurement & reporting
In the last meeting, some companies provided the proposal which is related to group based reporting. So, we would like to provide our view on group based reporting and non-group based reporting first, and further give our observations and analysis in the end of this section.
RRC signalling
According to the existing RRC signalling structure as below, the same RRC signalling CSI-ResourceConfig is shared between group based reporting and non-group based reporting.
	CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex                   OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId            OPTIONAL,   -- Need R
    nzp-CSI-RS-ResourcesForInterference     CSI-ResourceConfigId            OPTIONAL,   -- Need R
    …
    groupBasedBeamReporting                     CHOICE {
        enabled                                     NULL,
        disabled                                    SEQUENCE {
            nrofReportedRS                          ENUMERATED {n1, n2, n3, n4}  OPTIONAL    -- Need S
        }
    },
    …
    groupBasedBeamReporting-v1710       SEQUENCE {
        nrofReportedGroups-r17              ENUMERATED {n1, n2, n3, n4}
    }                                             OPTIONAL,   -- Need R
   …
}



	groupBasedBeamReporting
Turning on/off group beam based reporting (see TS 38.214 [19], clause 5.2.1.4). If groupBasedBeamReporting (without suffix) is set to disabled, groupBasedBeamReporting-v1710 is absent.



[bookmark: _Ref118627839]Observation 1: Same RRC signaling CSI-ResourceConfig is shared between group based reporting and non-group based reporting. 
Detail of CSI-ResourceConfig
The RRC signaling of CSI-ResourceConfig is provided below. For convenience, we take periodic CSI-RS set which is provided in nzp-CSI-RS-ResourceSetList as an example to introduce our understanding. 
	CSI-ResourceConfig ::=      SEQUENCE {
    csi-ResourceConfigId        CSI-ResourceConfigId,
    csi-RS-ResourceSetList      CHOICE {
        nzp-CSI-RS-SSB              SEQUENCE {
            nzp-CSI-RS-ResourceSetList  SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId                                                OPTIONAL, -- Need R
            csi-SSB-ResourceSetList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId  OPTIONAL  -- Need R
        },
        csi-IM-ResourceSetList      SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
    },

    bwp-Id                      BWP-Id,
    resourceType                ENUMERATED { aperiodic, semiPersistent, periodic },
    ...,
    [[
    csi-SSB-ResourceSetListExt-r17      CSI-SSB-ResourceSetId                 OPTIONAL  -- Need R
    ]]
}


According to the following field description, in a nzp-CSI-RS-ResourceSetList, number of resource sets can be two if groupBasedBeamReporting-v1710 is configured while the number of resource set is one if groupBasedBeamReporting-v1710 is not configured.
	nzp-CSI-RS-ResourceSetList
List of references to NZP CSI-RS resources used for beam measurement and reporting in a CSI-RS resource set. Contains up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets if resourceType is 'aperiodic'. Otherwise, contains 1 resource set when groupBasedBeamReporting-v1710 is not configured in IE CSI-ReportConfig. If groupBasedBeamReporting-v1710 is configured and resourceType is set to 'periodic' or 'semipersistent', then the network configures 2 resource sets, which may be two NZP CSI-RS resource sets, two CSI SSB resource sets or one NZP CSI-RS resource set and one CSI-SSB resource set (see TS 38.214 [19], clause 5.2.1.2 and 5.2.1.4.2). In this case, in TS 38.212 [17] Table 6.3.1.1.2-8B, the following applies:
- if the list has one NZP CSI-RS resource set, this resource set is indicated by a resource set indicator set to 0;
- if the list has two NZP CSI-RS resource sets, the first resource set is indicated by a resource set indicator set to 0 and the second resource set by a resource set indicator set to 1.


[bookmark: _Ref118627841]Observation 2: For a group based reporting, two periodic CSI-RS resource sets can be configured, while for a non-group based reporting, only one periodic CSI-RS resource set can be configured.   
Now, we are clear how network configure the CSI resource set to UE in RRC signaling. But, we may have one question: is there any limitation between resource and reporting? According to the TS 38.214 spec as below, all the resource in one CSI-ReportConfig should have the same time domain behavior, i.e. periodic, semi-persistent or aperiodic.
Content extracted from clause 5.2.1.2 in TS 38.214
	The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by BWP-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same time domain behavior.


However, to our understanding, even though all resource in one report shall have the same time domain behavior (i.e. periodic, semi-persistent or aperiodic), the resource could still have different periodicity and offset.
[bookmark: _Ref118564163][bookmark: _Ref118627843]Observation 3: Regardless of group/non-group based reporting, in one CSI reporting setting, one resource can be non-fully overlap, partially overlap or fully overlap with other resources.  

The relation between simultaneous measurement and group based reporting
According to Observation 3, for a group based reporting, it does not mean UE will always perform simultaneous measurement, e.g., when two signals are configured as non-fully overlap. Following the same logic, based on two CSI reporting settings (2 non-goup based reportings), UE may be required to receive two signals at a time if two signals in two reporting setting are fully overlap or partially overlap.
[bookmark: _Ref118565071][bookmark: _Ref118627844]Observation 4: For a group based reporting, UE may not be required to perform simultaneous measurement, while for a non-group based reporting, UE may be required to perform simultaneous measurement.
So, based on Observation 4, the following proposal is suggested.
[bookmark: _Ref118627855]Proposal 5: In R18 multiple Rx WI, simultaneous measurement is not limited to group-based reporting. Both group based reporting and non-group based reporting can be used for simultaneous measurement. 

2.6 Receive timing difference
To our understanding, the key point of whether UE can measure the signals with timing difference larger than on CP is not only related to the number of the UE Rx panels. It also involves the number of FFT and timing estimation/tracking/compensation modules in the baseband. If UE wants to measure the signals by different panels with timing difference larger than one CP, then the number of modules mentioned above should be doubled. Furthermore, 4-layer MIMO is not possible to be supported under large Rx timing difference between 2 TRPs. 
[bookmark: _Ref115355251]Observation 5: For timing difference between different panels, the number of the FFT module, timing estimation/tracking/compensation will be doubled. 
[bookmark: _Ref115355255]Proposal 6: The timing difference between different panels is at least within one CP. 

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of FR2 multiple panels is provided. We have the following proposal:
Proposal 1: In R18 multi-Rx WI, define RRM requirements for single-DCI multi-TRP operation only.
Proposal 2: In R18 multi-Rx WI, no need to discuss the case when two signals are received by one active UE Rx panel at a time.
Proposal 3: In R18 multi-Rx WI, UE is not required to perform both L3 measurements and L1 measurements at a time.
Proposal 4: Not to use the principle of independent beam management to define the requirement for R18 multi-Rx WI.
Observation 1: Same RRC signaling CSI-ResourceConfig is shared between group based reporting and non-group based reporting.
Observation 2: For a group based reporting, two periodic CSI-RS resource sets can be configured, while for a non-group based reporting, only one periodic CSI-RS resource set can be configured.
Observation 3: Regardless of group/non-group based reporting, in one CSI reporting setting, one resource can be non-fully overlap, partially overlap or fully overlap with other resources.
Observation 4: For a group based reporting, UE may not be required to perform simultaneous measurement, while for a non-group based reporting, UE may be required to perform simultaneous measurement.
Proposal 5: In R18 multiple Rx WI, simultaneous measurement is not limited to group-based reporting. Both group based reporting and non-group based reporting can be used for simultaneous measurement.
Observation 5: For timing difference between different panels, the number of the FFT module, timing estimation/tracking/compensation will be doubled.
Proposal 6: The timing difference between different panels is at least within one CP. 
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