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1. Introduction
In RAN plenary 96 meeting, a revised WID[1] for Rel-18 was approved to identify the requirements to support the enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. Both RF requirements enhancement and RRM requirements enhancement are involved in the core part. The objective in the 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:
· [bookmark: _Hlk104922953]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)
NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.


In last RAN4 meeting, RAN4 has spread extensive discussion around simultaneous multi-panel/multi-beam reception and some agreements were achieved in [2]. 
	<Agreement >:
· RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
· FFS the relation between the applicability condition and RRM requirement impacts
<Agreement >:
· To clarify the requirement in new section that R18 multi-Rx is applicable for FR2-1 only, i.e., no FR2-2.


Still multiple issues were suspending. In this document, we provide our further analysis focus on the applicability, condition, and UE capability aspects. 
2. Discussion
Applicability of new requirements to different QCL types
Regarding this issue, the following options were discussed during last meeting:
	· Option 1 : FFS whether requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C
· Option 2 : Whether or not the new RRM requirement for the feature of simultaneous DL reception from different directions shall be applicable is irrelevant to the TCI configuration of other QCL type.
· Option 3 : In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.


Only QCI Type D was referred in the WI. But it is possible that other QCL info such as QCL Type A and QCL Type C are possible along with the indication of QCL Type D especially for the UE moving case and inter-cell scenario. Even though such two QCL types are not referred by the WI, in fact they would be configured in a TCI state with QCL Type D. For FR2, QCL Type A/C are mandatory QCL type configured in a TCI state while QCL Type D is optional. So we believe this issue is meaningful and the RRM requirements for the simultaneous DL reception from different QCL Type D shall also applicable to QCL Type A/C.
Observation 1: From the perspective of configuration, QCL Type A/C are mandatory in a TCI state configuration while QCL Type D is optional.
Proposal 1: Considering the UE moving and inter-cell scenario, the potential impact due to QCL Type A/C are need to be included when we discuss the RRM enhancement for the simultaneous DL reception.

Applicability of requirements for serving cell
Around this issue, the following two options were kept in the WF[2]:
	· Option 1: The simultaneously received RSs may also be from a non-serving cell
· Option 2: Down-prioritized.


If the scenario of inter-cell mTRP is decided to be included in the WI, then simultaneous reception of RSs from a non-serving cell is possible. Simultaneous reception of RSs or data or the combination of them from serving cell, non-serving cell, or the combination of serving cell and non-serving cell, whether all these candidates are supported or only partial of them are supported in the WI, which should be identified. We listed all combinations as below:
Simultaneous RS + RS under intra-cell mTRP   
Simultaneous data + data under intra-cell mTRP
Simultaneous RS + data under intra-cell mTRP
Simultaneous RS + RS under inter-cell mTRP from serving cell
Simultaneous data + data under inter-cell mTRP from serving cell
Simultaneous RS + data under inter-cell mTRP from serving cell
Simultaneous RS + RS under inter-cell mTRP from a non-serving cell
Simultaneous data + data under inter-cell mTRP from a non-serving cell
Simultaneous RS + data under inter-cell mTRP from a non-serving cell
Simultaneous RS + RS under inter-cell mTRP from serving cell and non-serving cell
Simultaneous data + data under inter-cell mTRP from serving cell and non-serving cell
Simultaneous RS + data under inter-cell mTRP from serving cell and non-serving cell
For the sake of providing good supporting to mTRP scenario, for intra-cell mTRP, we believe all the three combinations highlighted in blue should be supported. For inter-cell mTRP, at least the three combinations highlighted in pink should be supported. For the combinations in yellow and gray, we are open to further discussed.
Proposal 2: For intra-cell mTRP, we believe all the following combinations should be supported:
· Simultaneous RS + RS under intra-cell mTRP   
· Simultaneous data + data under intra-cell mTRP
· Simultaneous RS + data under intra-cell mTRP
For inter-cell mTRP(if decided to be included in the WI), at least the following combinations should be supported:
· Simultaneous RS + RS under inter-cell mTRP from serving cell and non-serving cell
· Simultaneous data + data under inter-cell mTRP from serving cell and non-serving cell
· Simultaneous RS + data under inter-cell mTRP from serving cell and non-serving cell

Detectable condition of RS signals
It is still open after the previous meeting discussion regarding the detectable condition. Some companies believed not only the target signal but also the associated RS in the QCL chain should be detectable.
	· Option 1 (MTK): For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.


If all RSs in the same QCL chain remain detectable during the entire measurement period/switch, it would be more reliable. Further more, all RSs in the same QCL chain can be seem as transmitted from the same Tx spatial filter, so the detectability for all RSs in the same QCL chain should be same. So we are fine with the above option1 in general.
Regarding to the understanding of “measurement/switch period”, we believe it only aims to describe the duration on which the all RSs should be detectable, not any additional restriction.
Proposal 3: For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.
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 2: The R16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH.
Proposal 4: It is preferred to introduce a new UE capability rather than reuse the existing R16 simultaneousReceptionDiffTypeD to indicate the support ofsimultaneous multi-panle 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 + L3 RS/L1 RS/data reception.
In our opinion, it is better to firstly identify the supported combinations in this WI. 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 5: 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 + 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. The following option was discussed during last meeting.
	· Option 1: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI


Firstly the description in [3] 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 [5].
	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 [5]. 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 3: The UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2.
Observation 4: 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 6: The existing UE capability simultaneousRxDataSSB-DiffNumerology-Inter-r16 is not suitable for R18 multi-panel reception since of the inherent applicability restriction.
Proposal 7: 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 for applicability and condition of RRM requirements for simultaneous DL reception from different directions:
Observation 1: From the perspective of configuration, QCL Type A/C are mandatory in a TCI state configuration while QCL Type D is optional.
Proposal 1: Considering the UE moving and inter-cell scenario, the potential impact due to QCL Type A/C are need to be included when we discuss the RRM enhancement for the simultaneous DL reception.
Proposal 2: For intra-cell mTRP, we believe all the following combinations should be supported:
· Simultaneous RS + RS under intra-cell mTRP   
· Simultaneous data + data under intra-cell mTRP
· Simultaneous RS + data under intra-cell mTRP
For inter-cell mTRP(if decided to be included in the WI), at least the following combinations should be supported:
· Simultaneous RS + RS under inter-cell mTRP from serving cell and non-serving cell
· Simultaneous data + data under inter-cell mTRP from serving cell and non-serving cell
· Simultaneous RS + data under inter-cell mTRP from serving cell and non-serving cell
Proposal 3: For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.
Observation 2: The R16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH.
Proposal 4: It is preferred to introduce a new UE capability rather than reuse the existing R16 simultaneousReceptionDiffTypeD to indicate the support ofsimultaneous multi-panle reception from two directions in FR2-1.
Proposal 5: 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 + L3 RS/L1 RS/data reception.
Observation 3: The UE capability of simultaneousRxDataSSB-DiffNumerology is only applicable for FR1, not for FR2.
Observation 4: 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 6: The existing UE capability simultaneousRxDataSSB-DiffNumerology-Inter-r16 is not suitable for R18 multi-panel reception since of the inherent applicability restriction.
Proposal 7: 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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