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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX DL reception work item was approved [1] and in RAN#96e meeting the objectives were revised by updating relevant RF objective for spherical coverage [2].  And then in RAN#98e meeting, the RRM objectives contained in the WID were revised, which is provided as following [3]. 
	· 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
· 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)

NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.
· 


During the RAN4#105 meeting, the RRM requirements for NR FR2 multi-Rx chain DL reception have been discussed, the following agreements were achieved and captured in the WF [4]. 
	<Agreement from RAN4#105 RRM Session> 
WF on NR FR2 multi-Rx chain DL reception – Part 1
Topic #1: Analysis of scope and scenarios
<Agreement >:
· Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Consider both sDCI and mDCI
<Agreement >:
· Issue 1-1-7: Assumption on supporting 4-layer MIMO with simultaneous DL reception with two different QCL TypeD RSs
· Group based reporting is one of the means to enable simultaneous reception
· Companies proposing to enable simultaneous reception should bring more analysis on how this can be done
< Way forward >:
Other open issues for scope and scenarios are captured in section 1 for Topic #1 in summary R4-2220061.
Topic #2: Analysis of general aspects
< Way forward >: 
Open issues for general aspects are captured in section 2 for Topic #2 in summary R4-2220061.
Topic #3: L3 measurement specifically related
<Agreement >: 
· The following L3 related requirements enhancements should be studied and specified if necessary
· L3 measurements in RRC Connected mode
· Note: other enhancements are deprioritized


In this contribution, we would like to further provide our analysis on the relevant RRM core requirements. In the following subsections, below issues will be discussed sequentially: scope and scenarios, and UE capability.
2. Discussion
2.1 Scope and scenarios
2.1.1 Single (component) carrier for defining RRM requirements
Based on the approved WF in RAN4#104-bis-e meeting, it has been agreed that RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier but whether CA is in the scope was left for further discussion. 
	<Agreement from RAN4#104-bis-e RRM Session> 
WF on RRM impacts and general aspects for multi-Rx
<Agreement >:
· Sub-topic 1-1: Scope and scenarios
· RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.


Considering intra-band CA is already widely deployment in FR2-1 commercial deployment, we see no reason to restrict the Rel-18 work item into the case where UE is just configured with one single FR2-1 carrier. But whatever it is configured, the UE should support simultaneous DL reception from different directions with different QCL TypeD RSs on one of the carriers.
Proposal 1: RAN4 shall allow the case that UE can be configured with multiple component carriers, but multi-Rx chain is enabled only on one of the CCs.
[bookmark: _Hlk116635889]2.1.2 Scenarios for Rel-18 multi-Rx DL reception
In last meeting, one open issue is about scenarios for Rel-18 multi-Rx DL reception. Companies are encouraged to discuss whether intra-cell and inter-cell are both need to be considered in this WI. In our view, Rel-16 MIMO supports intra-cell mTRP deployment, and Rel-17 MIMO supports inter-cell mTRP scenarios, so we see no reason to preclude inter-cell operation with mTRP in Rel-18 multi-Rx DL reception WI. But since inter-cell operation work is more complexity than intra-cell operation by adding a cell, considering the RAN4 workload, the following proposal is regarded as the most reasonable one and is preferred by us: 
Proposal 2: RAN4 shall work on inter-cell operation after intra-cell multi-TRP operation work is completed.
2.1.3 Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
Actually, to avoid ambiguity, the “Panel” understanding in assumptions for deriving UE RF requirements was agreed in [5]. And for RRM discussion, we suggest to follow the “Panel” definition specified in RF session. Specifically, the number of panels and the number of Rx chains on the UE have 1-to-1 mapping, and within a panel, one RX beam can be used for DL reception.
	1.1.8	On ’antenna module’ and “panel” 
Agreement: 
· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation ]


Proposal 3: The definition of  “Panel” terminology in RRM discussion shall align with that in RF discussion.
Based on the panel definition, if two AoA directions of incoming signals are approaching, the independence of fading characteristics is hardly to be held, which could introduce performance degradation due to worse spatial isolation. If there is one panel which is located in the side of incoming signals of AoA1 and AoA2: the combined signals can be received, but whether or not the signals from two directions can be discriminated depends on the independence of fading characteristics from AoA1 and AoA2. If two AoA directions are not close enough, it could be difficult for UE to find out a RX beam to receive both directions; therefore, it could only possible two AoAs are close enough to be received by a single UE RX beam. However, under this condition, it could mean the same QCL-typeD to be applied for two directions, which is obviously not the key interests of this work item. Furthermore, the practice value of this scenario is also questionable, since we can’t find a real deployment to match with it. 
Proposal 4: Spatial MIMO (either spatial diversity or spatial multiplexing) to receive two independent signals from the same or nearly the same direction is not the scope of this work item.
2.1.4 Simultaneous L3 measurements and L1 measurements
In the past several meetings, whether to consider or whether it is feasible for supporting simultaneous L3 measurements and L1 measurements was extensively discussed but without agreement in multi-RX RRM session.
Based on our understanding and discussion as previously stated, considering both ideal backhaul and non-ideal backhaul transmission for mTRP, with the assumption of supporting simultaneous multi-RX reception from two distinct AoAs with different QCL TypeD RSs on one CC, we believe that independent RF and BB processing is of necessity. In this case, the measurements (L3 measurements with rough beam and L1 measurements with fine beam) for each chain can happen individually at a given time. Accordingly, it would not necessary to consider collision between RSs-RLM, BFD, CBD or L1-RSRP on FR2 serving frequency and SMTC, which are performed on each Rx chain, separately. It means that it is feasible to support simultaneous L3 measurements and L1 measurements for UE capable of multi-Rx. Regarding Klayer1_measurement, it is a scaling factor for sharing between L3 and L1 measurement and not relevant to RX chain operation, so Klayer1_measurement =1.5 shall not be removed.
Proposal 5: It is feasible to support simultaneous L3 measurements and L1 measurements for UE capable of multi-Rx, and the definition of Klayer1_measurement =1.5 should be kept.
2.1.5 Scenarios for “simultaneous reception”
By digging into the RRM objectives in the WID, although the description states a general study on RRM requirements enhancements for simultaneous DL reception from different directions with different QCL type D RSs, it actually not explicitly indicate the TRP operation. We are not sure whether sTRP or/and mTRP is in the scope of this WI. Therefore, we’d better to clarify and reach consensus on TRP operation in this WI at first.  
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Figuire 1 An illustrative example of simultaneous sTRP/mTRP transmission with multi-panel reception. (a)sTRP operation; (b) mTRP operation
1) For sTRP operation, multiple beam pair links (BPLs) is still possible, shown in Fig. 1(a). UE can receive different beams belonging to the same TRP but different paths using multiple panels. But sTRP operation is happened in the scenario that considers reflections, etc. 
2) For mTRP operation, different TRPs transmit different data stream would improve the throughput with overall higher rank of transmission. And in such operation, per panel of UE is associated to one TRP,  combining mTRP transmission and multi-panel reception can better exploit the MIMO spatial multiplexing/diversity gains especially at FR2. 
3) If sTRP and mTRP are both discussed in this WI, some more RRM requirements related to TRP selection, dynamic switching between mTRP and sTRP, etc, may need to be considered, which may bring extra workload accordingly.
From this, we do not see the necessity of considering sTRP transmission with simultaneous multi-panel reception, and we would like to suggest that 
Proposal 6: mTRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on mTRP operation.
Based on the analysis in previous meetings, we would like to have some options on the scenarios that will be possible included for the mTRP multi-RX chain simultaneous DL reception based on the assumption that simultaneous L3 and L1 measurements can be supported: 
Proposal 7:
Simultaneous DL reception from different directions with different QCL TypeD RSs including at least the following combinations:
· Simultaneous reception of data on both panels
· Simultaneous reception of RSs for L1 measurement on both panels
-The RSs includes SSB and CSI-RS
-The L1 measurement(includes L1-RSRP/L1-SINR),/RLM/CBD/BFD
· Simultaneous reception of RSs for L1 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on one panel and L1 measurement on the other panel
Note: 
-The“panel”terminology means logical conduct, i.e. corresponding to spatial filter
2.2 UE capability
2.2.1 Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
There are several enhanced features introduced in Rel-16/17 RAN1 work items, which actually can hardly be deployed in practice because UE can’t support “simultaneous DL reception from different directions with different QCL TypeD RSs” from RAN4 perspecitve. In Rel-16 NR MIMO enhancement WI, several enhancements to enable efficient and robust DL multi-TRP/panel operation: e.g., DL transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced, which shall require the support of simultaneous multi-panel operation with several independent RX beams/chains at the UE side. Accordingly, a Rel-16 FR2 UE capability for simultaneous multi-beam reception was introduced, i.e., simultaneousReceptionDiffTypeD-r16. However, no RF, RRM or performance requirements were defined in Rel-16 and Rel-17 for FR2 UEs with simultaneousReceptionDiffTypeD-r16 capability.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213.
	Band
	No
	N/A
	FR2 only


Have checked RAN1 discussions, it is clear that the IE only indicates supporting of simultaneous reception PDSCH with different QCL-type D RS, but whether the UE can support simultaneous reception of 1) the same type of channels/RS with different QCL-TypeD assumptions; and 2) different types of channels with different QCL-TypeD assumptions (e.g., PDSCH+CSI-RS, SSB+PDCCH/PDSCH, PDSCH+CSI-RS) were not concluded yet. Therefore, we have following
Observation 1: Based on RAN1 discussion, the UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.
Proposal 8: 
· If RRM requirements enhancements only be considered to 4-layer MIMO capable UE:The UE capability simultaneousReceptionDiffTypeD-r16 can be reused
· If RRM requirements enhancements not to be restricted to 4-layer MIMO capable UE: It is preferred to introduce a new UE capability to indicate the support of simultaneous DL reception from different directions with different QCL TypeD RSs.
2.2.2 UE capability of simultaneousRxDataSSB-DiffNumerology
The current simultaneousRxDataSSB-DiffNumerology IE is captured below. In our view, with the introduction of multi-RX chain capability, UE can have more than one beam to receive signals at a time, then different SCS between the RX beams is need to be considered. From the definition of the capability, it is not necessary to define a new IE on multi-RX.
[image: ]
Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI
3. Conclusion
In this contribution, we provided our viewpoints on the general aspects for FR2 multi-RX DL reception for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: Based on RAN1 discussion, the UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception
Proposal 1: RAN4 shall allow the case that UE can be configured with multiple component carriers, but multi-Rx chain is enabled only on one of the CCs.
Proposal 2: RAN4 shall work on inter-cell operation after intra-cell multi-TRP operation work is completed.
Proposal 3: The definition of  “Panel” terminology in RRM discussion shall align with that in RF discussion.
Proposal 4: Spatial MIMO (either spatial diversity or spatial multiplexing) to receive two independent signals from the same or nearly the same direction is not the scope of this work item.
Note：The“panel”terminology means logical conduct, i.e. corresponding to spatial filter
Proposal 5: It is feasible to support simultaneous L3 measurements and L1 measurements for UE capable of multi-Rx, and the definition of Klayer1_measurement =1.5 should be kept.
Proposal 6: mTRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on mTRP operation.
Proposal 7:
Simultaneous DL reception from different directions with different QCL TypeD RSs including at least the following combinations:
· Simultaneous reception of data on both panels
· Simultaneous reception of RSs for L1 measurement on both panels
-The RSs includes SSB and CSI-RS
-The L1 measurement(includes L1-RSRP/L1-SINR),/RLM/CBD/BFD
· Simultaneous reception of RSs for L1 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on one panel and L1 measurement on the other panel
Note: 
-The“panel”terminology means logical conduct, i.e. corresponding to spatial filter
Proposal 8: 
· If RRM requirements enhancements only be considered to 4-layer MIMO capable UE:The UE capability simultaneousReceptionDiffTypeD-r16 can be reused
· If RRM requirements enhancements not to be restricted to 4-layer MIMO capable UE: It is preferred to introduce a new UE capability to indicate the support of simultaneous DL reception from different directions with different QCL TypeD RSs.
Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI
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Indicates whether the UE supports concurrent intra-frequency measurement on
serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving
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