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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].  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, the following agreements have been reached[4]:
	<Agreement from RAN4#105 RRM Session> 
Sub-topic 1-1: General scope 
· Issue 1-1-1: Regarding group-based reporting and simultaneous reception with different QCL type-D
<Agreement >:
· group based reporting is one of the means to enable simultaneous reception
<Candidate proposals for further study>
· Option 1: Simultaneous reception is not necessarily based on group-based reception
· Option 2: TCI switch requirements are to specify dual TCI state switching requirements for multi-Rx (not necessary to limit to only simultaneous reception)
· Issue 1-1-2: As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only.
<Candidate proposals for further study>
· Companies to check this RAN1 agreement and more discussion is needed during next meeting
· Issue 1-1-3: Definition of Dual TCI state switch 
· Dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. 
· In other words, following are considered as dual TCI state switching to discuss the requirements 
· Single DCI to Dual TCI
· Dual TCI to Dual TCI 
· FFS: Dual TCI to Single TCI
Sub-topic 1-2: sDCI based TCI state switching requirements. 
· Issue 1-2-1: TCI state switch indication method for PDCCH and PDSCH 
· PDCCH non-SFN 
· Only single PDCCH is supported. So Single MAC CE should be used
· FFS: PDCCH SFN 
· One MAC CE is used to indicate both TCI states 
· PDSCH 
· For both SFN and non-SFN, only one DCI code point is indicated using single DCI and the code point may indicate one or two TCI states
Sub-topic 1-4: known and unknown conditions. 
· Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown


In this contribution, we would like to discuss more details of group-based beam reporting and further provide our analysis on the relevant RRM core requirements (sDCI based TCI state switching requirements).
2. Discussion
2.1 The backgroud of group-based beam reporting
2.1.1 Beam reporting schemes
In Rel-15, RAN1 made a working assumption which defined two types of group-based beam reporting. Theoretically, it could be named as per Rx beam set reporting (Alt.1) and per UE panel reporting (Alt.2). Due to limited time in Rel-15, RAN1 left the down-selection of these two alternatives unsettled.
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Then, Rel-17 has recognized the beam management issue could be enhanced for multi-TRP, and in RAN#86 meeting, the corresponding WID on BM for multi-TRP operation was proposed as below [5].
	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


Initially, there were candidate schemes to support the BM enhancement to facilitate inter-TRP beam pair in Rel-17[6]. Finally, RAN1 supports enhancing the group-based reporting and option 2 has been adopted for enhancement of group-based beam reporting. It effectively achieves simultaneous transmission on the TRPs side and simultaneous reception on the UE side without any problem of incorrect reporting or missing useful beam pair. For option 2, M=2 and Nmax={1,2,3,4}were agreed in RAN1 #104e and #105e successively. Note that there is no clear agreement but most companies including the FL make a consensus that beam reporting/feedback option 1 and option 3 should not be supported in Rel-17. Besides, option 3 is tailored for non-group based beam reporting and has much advantage over option 2 in non-ideal backhaul multi-TRP. 
	<Agreement in RAN1 #103e >:
Down-select at least one of the following options for beam measurement/reporting enhancement to facilitate inter-TRP beam pairing in RAN1 #104-e
· Option 1: In a CSI-report, UE can report N>1 pair/groups and M>=1 beams per pair/group
· Different beams in different pairs/groups can be received simultaneously
· FFS: whether M is equal or can be different across different pair/group
· Option 2: In a CSI-report, UE can report N(N>=1) pairs/groups and M (M>1) beams per pair/group
· Different beams within a pair/group can be received simultaneously
· Option 3: UE report M(M>=1) beams in N (N>1) CSI-reports corresponding to N report setting
· Different beams in different CSI-reports can be received simultaneously
· FFS: whether/how to introduce an association between different CSI-reports
· FFS: whether/how to differentiate reported measurements for beams that are received simultaneously vs. beams that are not received simultaneously 
· Whether/how to introduce an indication along with the CSI-reports to indicate whether the beams in different CSI-reports can be received simultaneously
· FFS: value of N and M in each option
· FFS: Association between different beams in above options and different TRP/UE panels
· FFS: Identify new use cases per option compared with R16 (including backhaul)
· FFS: whether different beams in different pairs/groups/reports can be received by same spatial filter per option


Observation 1: RAN1 supports enhancing the group-based reporting in Rel-17 and option 2 has been adopted for enhancement of group-based beam reporting
2.1.2 CSI framework 
The CSI framework in TS 38.214 is copied as follows.
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index',
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting-r17, the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance nrofReportedRSgroup, if configured, group(s) of two CRIs or SSBRIs selecting one CSI-RS or SSB from each of the two CSI Resource Sets for the report setting, where CSI-RS and/or SSB resources of each group can be received simultaneously by the UE.
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-SINR', 'ssb-Index-SINR', 'cri-SINR-Capability[Set]Index' or 'ssb-Index-SINR-Capability[Set]Index', 
-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.
[bookmark: _Hlk23665484]-	if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE.


Specifically, for Rel-15 group-based beam reporting, an RRC parameter ‘groupBasedBeamReporting’ was defined as the enabler of such reporting scheme, and L1-RSRP measurement is introduced. Later, the same enabler was used for Rel-16 group-based beam reporting for L1-SINR extended. Subsequently, an enabler ‘groupBasedBeamReporting-r17’ for Rel-17 group-based beam reporting was considered, and the UE can report up to four beam pairs with associated L1-RSRP values. Moreover, a principle can also be found in the statement that how to receive all MIMO signals concurrently, whether to use either a single RX chain, or with multiple simultaneous RX chain is up to UE’s implementation.
Observation 2: Group-based beam reporting is supported in Rel-15/16 with L1-RSRP/SINR measurement, while it is supported in Rel-17 with L1-RSRP measurement.
Observation 3: In Rel-15/16/17 group-based beam reporting, it is up to UE’s implementation to form beam group based on either a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
2.2 The applicability of group-based reporting 
In last meeting, one open issue is about applicability for group-based reporting. Companies are encouraged to check whether group-based reporting is limited to sDCI or not in Rel-17. Have checked RAN1 discussion, sDCI based and mDCI based multi-TRP PDSCH transmission were specified in Rel-15/16, and there is no conclusion to put group-based reporting limit to sDCI in Rel-17. Actually, companies gave some discussions on mDCI based multi-TRP DL transmission in group-based beam reporting enhancement [7]. Therefore, in our view
Observation 4: Rel-17 group-based reporting is not limited to sDCI.
Proposal 1: For group-based reporting, both sDCI and mDCI should be supported.
2.3 Group based beam reporting for 4-layer MIMO simultaneous DL reception
2.3.1 Group-based beam reporting and non-group based beam reporting in multi-RX WI
For our view, group-based reporting is the means to enable 4-layer MIMO simultaneous reception. The reason is as follows. For non-group based beam reporting, different CSI-reports are transmitted to different TRPs, each comprising a beam in the beam pair/group. Since the two CSI-reports are independent, the UE’s capability to simultaneous receive multiple beams via multiple TRPs is hardly known to the network. Thus, in order to guarantee that UE/NW understand the associated CSI-reports can be received simultaneously, an association is needed to establish between different CSI-reporting settings, with the association of multiple CSI reporting settings, the UE could report optimal beam pairs with dependency assuming that any beam pair can be simultaneously received by the UE itself. However, how to establish the association and how UE use the additional association when reporting quantities are not determined yet and shall be discussed in RAN1 first.
Proposal 2: For 4-layer MIMO simultaneous DL reception, RAN4 is expected to prioritize the group-based reporting
2.3.2 On group-based beam reporting in multi-RX WI
Regarding the group-based beam reporting in multi-RX WI, the detailed analyses are provided as below.
1) From reporting beam pair perspective
Although group-based beam reporting defined in Rel-15 is naturally ready for multi-TRP, Rel-15/16 support reporting one beam pair group. And in the beam reporting instance, a UE can only be configured to report N=2 Tx beams. However, reporting only one beam pair would significantly limit the scheduling flexibility especially for FR2. For example, in FR2, blocking frequently happens, if only using one beam pair to transmit data, once the link is blocked, it will take long time to recover. Increasing the number of beam pairs to be reported in one CSI report in Rel-17 can provide the NW more chances for scheduling from a single CSI report.
2) From CSI framework/TRP association perspective
Based on the CSI framework for Rel-15/16 group-based beam reporting that when ‘groupBasedBeamReporting’ enabled, UE reports two different CRI for each report setting in a single reporting instance indicating that two beams from the network can be received simultaneously by UE. The potential issue is that UE is not aware of the association of beams and the TRPs, that is, UE has no idea whether the reported two different beam indices in a group are from two TRPs or not. Actually, it is not feasible for a TRP to transmit multiple beams simultaneously in FR2, since it conflicts the aim of beam reporting enhancement that facilitates inter-beam pairing. While, based on the Rel-17 CSI framework, wherein multiple CRM resources sets per CSI-resource setting, and each CMR resource set is associated with a TRP, the association of different beams to different TRPs is established, then UE can avoid reporting multiple beams from the same TRP. Based on the above analysis, we think Rel-17 group-based beam reporting is more suitable to 4-layer MIMO with multi-RX simultaneous DL reception.
 Proposal 3: For 4-layer MIMO with multi-RX simultaneous DL reception, the NW should choose Rel-17 group based reporting, and UE is configured with groupBasedBeamReporting-17 set to ‘enabled’
2.4 sDCI based TCI state switching requirements 
Based on the NOTE 2 in Section 6.1.3.44 TS 38.321 as follows. If UE is configured sfnSchemePdcch capability, the 2 TCI states of PDCCH  can be configured for one coreset, and can be indicated by one MAC CE.
	[bookmark: _Toc124525571]TS 38.321-h30 6.1.3.44	Enhanced TCI States Indication for UE-specific PDCCH MAC CE
NOTE 1:	The Enhanced TCI State Indication for UE specific PDCCH MAC CE is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
NOTE 2:	The Enhanced TCI State Indication for UE specific PDCCH MAC CE is applied only if sfnSchemePdcch is configured.
NOTE 3:	The Enhanced TCI State Indication for UE specific PDCCH MAC CE is not applicable to the CORESET configured by controlResourceSetZero if the CORESET is associated with the search space configured by pdcch-ConfigSIB1 in MIB, or searchSpaceSIB1, searchSpaceZero, searchSpaceOtherSystemInformation, or pagingSearchSpace in PDCCH-ConfigCommon.


Figure 6.1.3.44-1: Enhanced TCI States Indication for UE-specific PDCCH MAC CE


Proposal 4: For SFN PDCCH,  two TCI states could be indicated by one MAC CE. And sDCI based TCI state switching requirements should be defined for this case.
3. Conclusion
In this contribution, we provided our viewpoints on the group-based beam reporting and sDCI based TCI state switching requirements for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: RAN1 supports enhancing the group-based reporting in Rel-17 and option 2 has been adopted for enhancement of group-based beam reporting
Observation 2: Group-based beam reporting is supported in Rel-15/16 with L1-RSRP/SINR measurement, while it is supported in Rel-17 with L1-RSRP measurement.
Observation 3: In Rel-15/16/17 group-based beam reporting, it is up to UE’s implementation to form beam group based on either a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
Observation 4: Rel-17 group-based reporting is not limited to sDCI.
Proposal 1: For group-based reporting, both sDCI and mDCI should be supported.
Proposal 2: For 4-layer MIMO simultaneous DL reception, RAN4 is expected to prioritize the group-based reporting
Proposal 3: For 4-layer MIMO with multi-RX simultaneous DL reception, the NW should choose Rel-17 group based reporting, and UE is configured with groupBasedBeamReporting-17 set to ‘enabled’
Proposal 4: For SFN PDCCH,  two TCI states could be indicated by one MAC CE. And sDCI based TCI state switching requirements should be defined for this case.
4. Reference
[1] RP-220974, “New WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception”, Qualcomm
[2]	RP-221753, “Revised WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception”, Qualcomm.
[3]RP-223527, “Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception”, Qualcomm
[4]R4-2220402, “WF for FR2_multiRx_RRM_part3”, Ericsson
[bookmark: _Ref47740750][5]RP-193133, “New WID: Further enhancements on MIMO for NR”, Samsung
[6] R1-2009500, “Summary on beam management for simultaneous multi-TRP transmission with multiple Rx panels Moderator”, CATT
[7] R1- 2110935, “Enhancements on beam management for multi-TRP”, Lenovo, Motorola Mobility

image2.emf
Oct 1

CORESET ID

CORE

SET ID

Serving Cell ID

TCI State ID

1

Oct 2

TCI State ID

2

R Oct 3


Microsoft_Visio_Drawing67.vsdx

Oct 1
CORESET ID
CORESET ID
Serving Cell ID
TCI State ID1
Oct 2
TCI State ID2
R
Oct 3



image1.png
Working assumptions:
: Support at least one of these two alternatives of beam reporting: -
> Altlie
*  UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam
set(s). «
*  where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL
signal «
*  Note: It is UE implementation issues on how to construct the Rx beam set. «
*  One example: each of Rx beam in a UE Rx beam set corresponds to a selected
Rx beam in each panel.
¢ For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an
identifier of the associated UE Rx beam set per reported TX beam «
* NOTE: Different TRP Tx beams reported for the same Rx beam set can be received
simultaneously at the UE. «
* NOTE: Different TRP TX beams reported for different UE Rx beam set may not be
possible to be received simultaneously at the UE
> Alt2:.
*  UE reports information about TRP Tx Beam(s) per UE antenna group basis «
«  where UE antenna group refers to receive UE antenna panel or subarray «
¢ For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and
an identifier of the associated UE antenna group per reported TX beam «
« NOTE: Different TX beams reported for different antenna groups can be received
simultaneously at the UE. «
* NOTE: Different TX beams reported for the same UE antenna group may not be possible
to be received simultaneously at the UE «
FFS: How UE antenna group or Rx beam set is captured in the specification -




