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Introduction
In Rel-17, beam managements for multi-TRP are introduced for NR FeMIMO. In this contribution, we provide the discussion on the impacts of multi-TRP on beam management requirements.
Discussion
In RAN1, the following agreements have been reached on beam measurements/reporting for multi-TRP transmission.
	Agreements (RAN1#102-e meeting):
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting

Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only

Agreements (RAN1#103-e meeting):
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

Agreements (RAN1#104-e meeting):
For beam measurement in support of M-TRP simultaneous transmission 
· Support a single CSI-report consisting of N beams pairs/groups and M (M>1) beams per pair/group, and different beams within a pair/group can be received simultaneously 
· Support M = 2
· Support extending the maximum value of N > 1, exact value FFS
· N=1 and N=2
· FFS: Other values larger than 2
· FFS: Whether the UE could report beams are received with different RX beams
· Further study the support of option 1 and option 3
· The above applies at least for L1-RSRP
· FFS: L1-SINR 

Agreements (RAN1#104-bis-e meeting):
For beam reporting option 2
· On the maximum number of beam pairs/groups (N) that can be reported in a single CSI-report, discuss and down-select from the following two alternatives in RAN1#105-e: 
· Alt1: Support maximum value N = {1, 2} 
· Alt2: Support maximum value N = {1, 2, 3, 4} 
· FFS: Introduce a UE capability Ncap on the maximum value of N in Rel.17
· On the number of beam pairs/groups (N) reported in a single CSI-report, discuss and down select between the following two alternatives in RAN1#105-e
· Alt1: The value of N is fixed by RRC configuration
· Alt2: The value of N is upper bounded by a maximum value Nmax configured by RRC, and dynamically selected/indicated by UE 

On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 

On CMR resource configuration for beam reporting option 2, decide in RAN1#105-e whether to adopt “set” or “subset”:
· NOTE: the following has been agreed
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS : extension to aperiodic CMR resource setting if two CMR resource sets are supported
· Each reported beam pair in a single CSI -report consists of M = 2 SSBRI/CRI values, where each SSBRI /CRI points to a CMR resource in a different CMR resource set or subset.
· FFS : bitwidth of each SSBRI/CRI determined based on the number of SSB/CSI-RS resources from the associated set/subset, or across two sets/subsets

Agreements (RAN1#105-e meeting):
For CMR configuration for option 2, adopt  
· Alt-1: “set”

The bitwidth of each SSBRI/CRI is determined based on the number of SSB/CSI-RS resources in the associated CMR resource set
· FFS: specify the association between SSBRIs/CRIs in a reported group and CMR resource sets

· For beam measurement/reporting option 2, the maximum number of beam groups in a single CSI-report is a UE capability and may take value from Nmax = {1,2,3,4} in Rel.17.
· FFS: If UCI payload reduction for Nmax>=2 is needed and if so, how
· The number of beam groups (N) reported in a single CSI-report
· Alt1: The value of N is configured by RRC signalling




In Rel-17, the enhanced beam measurement/reporting in support of multi-TRP transmission is introduced and the enhanced beam measurement/reporting applies at least for L1-RSRP. RAN4 need to study the impacts on L1-RSRP measurement requirements. The measurement requirements for L1-RSRP reporting include the following aspects:
· Measurement period
· Measurement restriction
· Scheduling restriction
· Measurement accuracy
In Rel-15/Rel-16, L1-RSRP measurement period for reporting is RS source specific defined and defined as a number of RS periodicities. The FR2 L1-RSRP measurement period requirements are applied under the measurement restrictions that the RS configured for L1-RSRP measurements is not overlapped with another RS configured for layer 1 measurement. In Rel-15/Rel-16, when one RS for L1-RSRP measurement is overlapped with another RS for layer 1 measurement, UE is required to measure one of but not both RSs.
In RAN1, it is assumed that different beams within a pair/group can be received simultaneously for multi-TRP transmission. In Rel-17, the UE can be assumed to measure different RSs within a pair/group simultaneously for multi-TRP transmission, and there shall be no measurements restrictions among RSs configured within the same beam pair/group. So, the existing measurements restrictions in FR2 cannot be reused for multi-TRP transmission in Rel-17.
Proposal 1: For L1-RSRP measurements in FR2, the existing measurement restriction requirements in Rel-16 cannot be reused for multi-TRP transmission in R17 and RAN4 shall study new measurement restriction requirements for multi-TRP transmission.
However, whether different beams in different pairs/groups can be received simultaneously has not been concluded in RAN1. If it is assumed that different beams in different pairs/groups cannot be received simultaneously, then the UE is allowed to drop the measurements on one of them according to the existing measurements restriction principles. The number of beam pairs/groups (N) reported in a single CSI-report is configured by RRC signalling.
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Figure 1: Example of beam configuration for multi-TRP transmission in Rel-17
For the case as shown in Figure 1, Beam1 in Beam pair #1 is overlapped with Beam3 and Beam4 in Beam pair #2. Beam2 in Beam pair #1 is overlapped with Beam4 in Beam pair #2.
According to the existing measurements restriction principles, the UE may choose to perform beam measurements on Beam1 and Beam2 and drop the beam measurements on Beam3 and Beam4. Then, the UE could not report the results of both Beam pair #1 and Beam pair #2. If the UE is configured to report both beam pairs,  the measurement sharing mechanism between multiple beam pairs/groups may need to be investigated in RAN4, and the corresponding sharing factor needs to be introduced into L1-RSRP measurement period requirements.
Proposal 2: RAN4 study whether to introduce the sharing factor for multiple beam pairs/groups into L1-RSRP measurement period requirements.
The L1-RSRP measurement accuracy requirements depend on the assumed measurement sample number and the associated side condition for L1-RSRP measurements. The existing L1-RSRP measurement accuracy requirements are defined based on single-shot measurements under the condition of SINR>=-3dB. The assumed measurement sample number and the side condition for L1-RSRP measurements in Rel-15/Rel-16 can be reused in Rel-17. Correspondingly, the existing L1-RSRP measurement accuracy requirements can be reused in Rel-17.
Proposal 3: It is suggested that the existing L1-RSRP measurement accuracy requirements can be applied for multi-TRP transmission in Rel-17.
Due to QCL relation issues or different SCSs between SSB and data, the scheduling restriction requirements for L1-RSRP measurements define when UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on RS for L1-RSRP measurement symbols. The same principles of defining scheduling restriction requirements for L1-RSRP measurements can also be reused in Rel-17.
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Conclusions
This contribution provides our analysis on the impacts on beam management for multi-TRP in NR FeMIMO. The following are provided:
Proposal 1: For L1-RSRP measurements in FR2, the existing measurement restriction requirements in Rel-16 cannot be reused for multi-TRP transmission in R17 and RAN4 shall study new measurement restriction requirements for multi-TRP transmission.
Proposal 2: RAN4 study whether to introduce the sharing factor for multiple beam pairs/groups into L1-RSRP measurement period requirements.
Proposal 3: It is suggested that the existing L1-RSRP measurement accuracy requirements can be applied for multi-TRP transmission in Rel-17.
Proposal 4: The existing scheduling restriction requirements for L1-RSRP measurements can be applied in Rel-17.

Reference
[1]. [bookmark: OLE_LINK682][bookmark: OLE_LINK683][bookmark: OLE_LINK2]R1-2007501, Final Report of 3GPP TSG RAN WG1 #102-e
[2]. R1-2100001, Final Report of 3GPP TSG RAN WG1 #103-e
[3]. R1-2102281, Final Report of 3GPP TSG RAN WG1 #104-e
[4]. R1-2104151, Final Report of 3GPP TSG RAN WG1 #104bis-e
[5]. [bookmark: _GoBack]R1-210xxxx, Draft Report of 3GPP TSG RAN WG1 #105-e v0.2.0
8

4

image1.png




