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1. Introduction
In RAN plenary 98 meeting, a revised WID[1] for Rel-18 was approved to further clarify the scope of the  simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. The main update is to remove the sub bullet related with L3 measurement delay and put the L3 measurement related aspects into the NOTEs. The objective in the revised WID is as follows:
	· 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:
· 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)

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.


In last RAN4 meeting, RAN4 has spread extensive discussion around the scope, scenarios and capabilities of simultaneous multi-panel/multi-beam reception and some agreements were achieved in [2]. 
	<Agreement >:
Issue 1-1-1: Scope of the WI
· No further discussion is needed for Option 1.
· Discuss the requirements for the objectives in the WID directly.
<Agreement >:
Issue 1-1-3: M-TRP scenarios for Rel-18 multi-Rx DL reception
· Focus on intra-cell multi-TRP operation scenario
· No requirements will be introduced for inter-cell multi-TRP operation in R18.
<Agreement >:
Issue 1-2-7: Necessity of group-based beam reporting for simultaneous reception
· Rel-17 group-based reporting is used as a prerequisite to define requirement for simultaneous reception
· Note: Simultaneous reception term above includes Data/Data, RS/RS and Data/RS simultaneous reception cases.
<Agreement >:
Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Simultaneous L3 and L1 measurements is not supported in this release for multi-Rx.
· Note: The agreement has no impact on scheduling restriction discussion for L3 measurements. Feasibility and benefit of scheduling restriction relaxation for L3 measurements is FFS.
<Agreement >:
Baseline L1 measurement requirements for potential multi-Rx enhancement
· For cell specific RLM: section 8.1
· For cell specific link recovery: section 8.5
· For TRP specific link recovery: section 8.18
· For L1-RSRP measurement: section 9.5.


In this document, we provide our further analysis focus on some general and scope issues around simultaneous multi-panel reception.
2. Discussion
2.1 Scenarios of this WI
Based on the consensus achieved in last meeting, no need to discuss the scope of the WI any more, just directly discuss the requirements for the objectives of the WI directly. Furthermore, it is already approved that not introduce any requirements for inter-cell mTRP in R18. So until now, the scenario of this WI is more clear and mainly targeted on the intra-cell mTRP deployment.
While regarding to the inter-cell mTRP case, even though the 4 layer MIMO is not considered under this case since of the lack of ideal backhaul between the inter-cell mTRPs, other enhancement related to measurement due to multi-panel simultaneous Rx still can be considered. Nevertheless, since of the majority prefer only focus on intra-cell mTRP, so it is approved that not any requirements would be introduced for inter-cell mTRP in R18. One essential point is that the group-based report is not supported in inter-cell mTRP from RAN1 side. To our understand, to take full advantage of multi-panel Rx, even not introduce any new requirements or requirements enhancement, applying simultaneous simultaneous multi-panel Rx into the inter-cell BM, which is beneficial. 
Inter-cell BM has been discussed during R17 FeMIMO. Since of the baseline assumption is that UE can only apply a single panel to receive DL signal, so the following agreements were achieved:
	For FR1:
· L1-RSRP for SC and cell with different PCI can be both measured inside SMTC and can be performed simultaneously; and L1 and L3 measurement on cell with different PCI can be performed simultaneously.
· 
For FR2:
· Measurement on SC and cell with different PCI CANNOT be performed by the same beam
· Do not define requirements for measurement on NSC inside SMTC for FR2 for the case “TSSB,NSC ≥ TSMTC”
· For FR2, introduce sharing factor for SC and NSC and Nmax =1 (no requirement for Nmax >1)
· there is no need to define measurement restrictions between serving cell SSB configured for L1-RSRP measurements and SSB with different PCI configured for L1-RSRP measurements since sharing factor PCDP is applied for L1-RSRP measurements.


In fact the reason of not allowing simultaneous L1-RSRP measurements for SC and NSC is the concern on Rx beam, for the UE only capable of one panel activated at a time, can only receive signal at one Rx beam direction at the same bandwidth. Now look back such concern, for the UE capable of simultaneous multi-panel Rx, for the 2nd and 3rd sub-bullets for FR2 above, the restriction can be relaxed to some extent. 
Observation 1: During the discussion on inter-cell BM in R17 FeMIMO WI, the basic assumption is only one panel activated as a time, so the simultaneous L1-RSRP measurements for SC and NSC is not allowed due to the concern on Rx beam.
We can firstly discuss the requirements enhancement targeted to intra-cell mTRP. Once some conclusions achieved, then consider the extension into inter-cell mTRP case around the above 2nd and 3rd sub-bullets. Which would not slow down the progress of the WI.
Proposal 1: For the UE capable of simultaneous multi-panel Rx, we can firstly discuss the requirements enhancement targeted to intra-cell mTRP case. Once some conclusions achieved, then consider the extension into inter-cell mTRP case around the following issues:
· Whether define the measurement requirements on NSC inside SMTC for FR2 for the case “SSB,NSC ≥ TSMTC”;
· Whether need the sharing factor for SC and NSC and Nmax =1.
2.2 The exact simultaneous reception combination
Some company proposed to discuss the exact simultaneous reception combinations rather than only empty talk about scenario. Further more, base on the guideline achieved in 104bis meeting “Clarify the SSB and CSI-RS based simultaneous L1 measurement scenario before making conclusion on scenarios for Rel-18 multi-Rx DL reception”, 
Based on the revised WID in [1], if the enhancement of L3 measurement period is not considered in the scope, in fact we do not need to consider the combinations of two L3 RS.
The same and different points between SSB and CSI-RS are:
· For L3 measurement, they are very similar, both need Rx beam sweeping；
· For L1 measurement, SSB needs Rx beam sweeping, while CSI-RS does not need Rx beam sweeping.
· For CSI-RS based L3 measurement, some restriction on the deriving of timing exists.
Considering that the simultaneous L1 and L3 measurements has been precluded in last meeting, so we listed all other possible combinations under intra-cell and inter-cell scenarios as below:
· For intra-cell scenario, the following combinations from different TRPs are possible:
1) PDSCH/PDCCH + PDSCH/PDCCH
2) L1 SSB + PDSCH/PDCCH
3) L1 CSI-RS + PDSCH/PDCCH
4) L1 SSB + L1 CSI-RS
5) L1 CSI-RS + L1 CSI-RS 
6) L3 SSB + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)
7) L3 CSI-RS + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)
Proposal 2: For intra-cell scenario, the following combinations from different TRPs are possible:
1) PDSCH/PDCCH + PDSCH/PDCCH
2) L1 SSB + PDSCH/PDCCH
3) L1 CSI-RS + PDSCH/PDCCH
4) L1 SSB + L1 CSI-RS
5) L1 CSI-RS + L1 CSI-RS 
6) L3 SSB + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)
7) L3 CSI-RS + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)

· For inter-cell scenario, if only considering the inter-cell BM, then one combination is possible: L1 SSB + L1 SSB
Proposal 3: For inter-cell scenario, if only considering the inter-cell BM, then one combination is possible: L1 SSB + L1 SSB
2.3 Spatial MIMO by using one panel

In our opinion, to enhance the coverage, when multiple panels are equipped, they would provide as much as possible beam directions coverage, where each one panel provide partial beam directions coverage. So as to enlarge the coverage and avoid the interference when simultaneous reception, the beam directions covered by each of two panels should be non-overlapped or only very limited overlapped. 
Observation 2: To avoid interference and enlarge the beam directions coverage via multi-panel simultaneous reception, the coverage of beam directions of each panel are non-overlapped or only limited partial overlapped. 
Further more, the spatial MIMO(either spatial diversity or spatial multiplexing) by using a single panel to receive two independent signals from the same of nearly same direction was discussed in last meeting, multiple options were summarized in [3] but not any conclusion achieved.
Our original view is that the target case in this WI is simultaneous reception from two different beam directions with two panels respectively. While referring to the spatial MIMO by single panel reception, it is not any target enhancement caused by multi-panel simultaneous reception, the legacy UE which is not capable of multi-panel simultaneous reception can support such reception. So it is not the main target scenario for this WI, we do not need to identify any explicit conclusion about this in RRM session. 
Proposal 4: Regarding to the spatial MIMO(either spatial diversity or spatial multiplexing) by using a single panel to receive two independent signals from the same of nearly same direction, we do not need to identify any explicit conclusion about this in RRM session, so no need further discussion.
2.4 Beam management
This issue was discussed in 105 meeting without any conclusion, the following options were proposed:
	· Option 1 (Intel):
Beam management requirements are based on:
· For L1-RSRP measurement for intra-cell mTRP, L1-RSRP requirement defined in clause 9.5 will apply.
· For L1-RSRP measurement in inter-cell mTRP, Rel-17 ICBM requirement will be applied, i.e. clause 9.13, where only SSB based measurement is defined.
· For BFD/CBD, TRP specific requirement will be applied, i.e. clause 8.18, which can apply for both intra-cell mTRP and inter-cell mTRP.
· Option 2 (MTK):
Not to use the principle of independent beam management to define the requirement for R18 multi-Rx WI.   
· Option 3 (NTT DOCOMO):
Single TCI case and dual TCI case should be studied separately. For dual TCI case, independent beam management can be assumed based on the agreement that independent TCI state switch is assumed for dual TCI case.
· Option 4 (Nokia):
Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC)  


Regarding to IBM architecture in R16/17, some details were given in [4]. Under the the implementation architecture of 2 RF chains+2 Antenna panels, each RF chain can determine the phase shifter independently, so the independent phase shift of H/V polarization can be assumed for each panel. Therefore the UE can determine the Rx beam training of each panel independently at the same time.
On the other side, until right now, regarding to the assumption of two AoAs, the following agreements has been achieved in RF session:
	Agreement(104):
· Further discuss on the on the candidate AoA pairs for setting the UE RF requirement
· One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
· Multiple AoA1 + Full set AoA2. 
· Fixed offset between the two AoAs, both probes swept simultaneously.  
· Full set AoA1 + Full set AoA2
Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.
Agreement(105): 
· Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement 
Agreement: (105): 
· FFS on the number of angular separation including values for the UE RF requirements.  


We can see that it is still FFS between the assumptions of multiple fixed AoA offset values and a single fixed AoA offset value. But in our opinion, if only a single fixed AoA offset is assumed, then the performance gain provided by multi-panel Rx would be very limited since of this strong limitation would impact the flexible of Rx beam combination. So we believe the assumption of multiple fixed AoA offset values is more reasonable. Under the assumption of multiple fixed AoA offset values, the phase shift of each panels can be independent, i.e. same as the common IBM architecture in R16/17.
Based on the above analysis, we prefer Option 4, i.e. Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).
Observation 3: Even though the exact assumption of two AoA is still suspending in RF session, compared with the assumption of a single fixed AoA offset, the assumption of multiple fixed AoA offset is more reasonable since a single fixed AoA offset value would limit the flexible of Rx beam combination thus restrict the performance gain provided by multi-panel Rx.
Proposal 5: Under the architecture of 2 RF chains+2 Antenna panels, each RF chain can determine the phase shifter independently, so the independent phase shift of H/V polarization can be assumed for each panel. Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).
2.5 Related UE capabilities 
Introducing a new UE capability or reusing/extension the R16 UE capability simultaneousReceptionDiffTypeD:
To indicate the support of simultaneous multi-panel reception from two directions by UE in FR2-1, an optional UE capability is necessary, which is no need to doubt. While regarding to the exact UE capability, one of the optionS proposed by some company is to reuse the existing UE capability simultaneousReceptionDiffTypeD. 
In our opinion, it is better to introduce a new UE capability rather than reuse the existing simultaneousReceptionDiffTypeD. One straightforward reason is the existing R-16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH, not to mention RS at all. Until now, even whether the L3 measurement is included or not is still suspending, it is determinate that the L1 measurement should be considered, so the simultaneous reception should cover the L1 RS reception. Which is beyond the implication of simultaneousReceptionDiffTypeD. 
Observation 4: The R16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH.
Proposal 6: It is preferred to introduce a new UE capability rather than reuse the existing R16 simultaneousReceptionDiffTypeD to indicate the support of simultaneous multi-panel reception from two directions in FR2-1.
Whether need to distinguish multiple UE capabilities for different combination of simultaneous multiple reception:
Based on the discussion until the end of 104bis meeting, it is possible that multiple combinations between L1 RS, L3 RS and data would be supported by the UE capable of simultaneous multi-panel reception. So regarding to the UE capability design, there are two solutions:
Solution 1: Only a single UE capability is needed, which is applicable for all supported combinations of simultaneous reception between L1 RS, L3 RS and data.
Solution 2: Multiple UE capabilities are necessary, and each of them indicates the support of one kind of combinations. E.g UE capability X1 indicates the support of simultaneous data+data reception; UE capability X2 indicates the support of simultaneous L1 RS + L1 RS/data reception; UE capability X3 indicates the support of L3 RS + L1 RS/data reception.
In our opinion, it is better to firstly identify the supported combinations in this WI. Regarding to this issue, our analysis and preference is shown in above 2.2. Then we can further make a decision between Solution 1 and Solution 2 from the perspective of whether a unified UE capability is enough or not.
Proposal 7: Whether using a single UE capability or multiple UE capabilities to indicate the support of multi-panel reception, which should be decided based on the conclusion of supported combinations in this WI. So it is better to firstly identify the supported combinations in this WI. Then the decision between Solution 1 and Solution 2 can be identified from the perspective of whether a unified UE capability is enough or not.
· Solution 1: Only a single UE capability is needed, which is applicable for all supported combinations of simultaneous reception between L1 RS, L3 RS and data
· Solution 2: Multiple UE capabilities are necessary, and each of them indicates the support of one kind of combinations. E.g UE capability X1 indicates the support of simultaneous data+data reception; UE capability X2 indicates the support of simultaneous L1 RS + L1 RS/data reception; UE capability X3 indicates the support of L3 RS + L1 RS/data reception.
Clarification of simultaneousRxDataSSB-DiffNumerology/simultaneousRxDataSSB-DiffNumerology-Intel-r16
The two legacy UE capabilities are both related with the concurrent receiving between SSB and data, so whether and how they can be reused in R18 multi-panel reception, needs some clarification. Firstly the description in [5] can provide some reference. 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133.
	UE
	No
	No
	Yes

	simultaneousRxDataSSB-DiffNumerology-Inter-r16
Indicates whether the UE supports concurrent SSB based inter-frequency measurement without measurement gap on neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133. UE indicates support of this indicates support of interFrequencyMeas-NoGap-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range where the SSB and PDCCH/PDSCH are received.
	UE
	No
	No
	Yes


Combined with the specification in [4], the UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2. While the UE capability of simultaneousRxDataSSB-DiffNumerology-Inter-r16 seems universal for both FR1 and FR2 but indicated respectively. However as an accessory of the R16 UE capability interFrequencyMeas-NoGap-r16, UE capable of simultaneousRxDataSSB-DiffNumerology-Inter-r16 should always accompany with the support of  interFrequencyMeas-NoGap-r16, i.e. the applicability restriction exists.
Observation 5: The UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2.
Observation 6: The UE capability of simultaneousRxDataSSB-DiffNumerology-Inter-r16 seems universal for both FR1 and FR2 but indicated respectively. While UE capable of simultaneousRxDataSSB-DiffNumerology-Inter-r16 should always accompany with the support of  interFrequencyMeas-NoGap-r16, i.e. the applicability restriction exists.
Based on the above analysis, in our opinion, the existing UE capability simultaneousRxDataSSB-DiffNumerology-Inter-r16 is not suitable for R18 multi-panel reception since of the inherent applicability restriction. Referring to the existing UE capability simultaneousRxDataSSB-DiffNumerology, if the supporting of concurrent SSB and data are consistent between FR1 and FR2-1, reusing this UE capability is feasible. But, it should be ultimately determined after the decision of single or multiple UE capabilities are necessary.
Proposal 8: The existing UE capability simultaneousRxDataSSB-DiffNumerology-Inter-r16 is not suitable for R18 multi-panel reception since of the inherent applicability restriction.
Proposal 9: The existing UE capability simultaneousRxDataSSB-DiffNumerology is feasible if the supporting of concurrent SSB and data are consistent between FR1 and FR2-1. But it should be ultimately determined after the decision of single or multiple UE capabilities are necessary.
3. Conclusion
In this contribution, we have the following observation and proposals around general RRM aspects for simultaneous DL reception from different directions:
Observation 1: During the discussion on inter-cell BM in R17 FeMIMO WI, the basic assumption is only one panel activated as a time, so the simultaneous L1-RSRP measurements for SC and NSC is not allowed due to the concern on Rx beam.
Proposal 1: For the UE capable of simultaneous multi-panel Rx, we can firstly discuss the requirements enhancement targeted to intra-cell mTRP case. Once some conclusions achieved, then consider the extension into inter-cell mTRP case around the following issues:
· Whether define the measurement requirements on NSC inside SMTC for FR2 for the case “SSB,NSC ≥ TSMTC”;
· Whether need the sharing factor for SC and NSC and Nmax =1.
Proposal 2: For intra-cell scenario, the following combinations from different TRPs are possible:
8) PDSCH/PDCCH + PDSCH/PDCCH
9) L1 SSB + PDSCH/PDCCH
10) L1 CSI-RS + PDSCH/PDCCH
11) L1 SSB + L1 CSI-RS
12) L1 CSI-RS + L1 CSI-RS 
13) L3 SSB + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)
14) L3 CSI-RS + PDSCH/PDCCH (to enhance scheduling restriction in L3 measurement)
Proposal 3: For inter-cell scenario, if only considering the inter-cell BM, then one combination is possible: L1 SSB + L1 SSB
Observation 2: To avoid interference and enlarge the beam directions coverage via multi-panel simultaneous reception, the coverage of beam directions of each panel are non-overlapped or only limited partial overlapped. 
Proposal 4: Regarding to the spatial MIMO(either spatial diversity or spatial multiplexing) by using a single panel to receive two independent signals from the same of nearly same direction, we do not need to identify any explicit conclusion about this in RRM session, so no need further discussion.
Observation 3: Even though the exact assumption of two AoA is still suspending in RF session, compared with the assumption of a single fixed AoA offset, the assumption of multiple fixed AoA offset is more reasonable since a single fixed AoA offset value would limit the flexible of Rx beam combination thus restrict the performance gain provided by multi-panel Rx.
Proposal 5: Under the architecture of 2 RF chains+2 Antenna panels, each RF chain can determine the phase shifter independently, so the independent phase shift of H/V polarization can be assumed for each panel. Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).
Observation 4: The R16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH.
Proposal 6: It is preferred to introduce a new UE capability rather than reuse the existing R16 simultaneousReceptionDiffTypeD to indicate the support of simultaneous multi-panel reception from two directions in FR2-1.
Proposal 7: Whether using a single UE capability or multiple UE capabilities to indicate the support of multi-panel reception, which should be decided based on the conclusion of supported combinations in this WI. So it is better to firstly identify the supported combinations in this WI. Then the decision between Solution 1 and Solution 2 can be identified from the perspective of whether a unified UE capability is enough or not.
· Solution 1: Only a single UE capability is needed, which is applicable for all supported combinations of simultaneous reception between L1 RS, L3 RS and data
· Solution 2: Multiple UE capabilities are necessary, and each of them indicates the support of one kind of combinations. E.g UE capability X1 indicates the support of simultaneous data+data reception; UE capability X2 indicates the support of simultaneous L1 RS + L1 RS/data reception; UE capability X3 indicates the support of L3 RS + L1 RS/data reception.
Observation 5: The UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2.
Observation 6: The UE capability of simultaneousRxDataSSB-DiffNumerology-Inter-r16 seems universal for both FR1 and FR2 but indicated respectively. While UE capable of simultaneousRxDataSSB-DiffNumerology-Inter-r16 should always accompany with the support of  interFrequencyMeas-NoGap-r16, i.e. the applicability restriction exists.
Proposal 8: The existing UE capability simultaneousRxDataSSB-DiffNumerology-Inter-r16 is not suitable for R18 multi-panel reception since of the inherent applicability restriction.
Proposal 9: The existing UE capability simultaneousRxDataSSB-DiffNumerology is feasible if the supporting of concurrent SSB and data are consistent between FR1 and FR2-1. But it should be ultimately determined after the decision of single or multiple UE capabilities are necessary.
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