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1	Introduction
The Rel-17 feMIMO WID [1] objective 2c states: 
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
In the RAN1#102-e meeting the following agreements were made for this objective:
Agreement
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
 
Agreement
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
 
Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD
2	Discussion
In Rel-17, the potential beam-management related enhancements for simultaneous multi-TRP transmission with multi-panel reception are included in the WID for enabling non-coherent joint transmission (NC-JT) in FR2. An example of this use case is shown in Figure 1, where a PDSCH is sent to a UE from two TRPs over the same physical resources. Each TRP is transmitting a beam with up to 2 layers and the UE can simultaneously receive each of these beams by a separate panel. In this case, by spatially multiplexing PDSCH over two TRPs, the peak data rate to the UE can be increased, as up to 4 aggregated layers from the two TRPs can be received by the UE.
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[bookmark: _Ref47652081]Figure 1.  FR2 NC-JT enabled by simultaneous multi-TRP transmission with multi-panel reception

In RAN1#102e, potential enhancements to group-based beam reporting were agreed as an option to ensure inter-TRP beam pairing. We now discuss which is the limitation with the NR Rel-15/16 group-based beam reporting and why enhancements are needed for enabling FR2 NC-JT. 
In NR, when a UE is configured with the higher layer parameter groupBasedBeamReporting set to ‘enabled’, the UE will report either two different CRIs or two different SSBRIs in a single reporting instance for each report setting. The two CRIs or two SSBRIs are chosen such that the corresponding CSI-RS and/or SSB resources can be received simultaneously by the UE.    
Figure 2 shows an example scenario illustrating simultaneous multi-TRP transmission with multi-panel reception at the UE. In this example, NZP CSI-RS resources #1 and #2 are transmitted from TRP1 and NZP CSI-RS resources #3 and #4 are transmitted from TRP2. The UE is equipped with two panels.
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[bookmark: _Ref47648533]Figure 2.  an example scenario illustrating simultaneous multi-TRP transmission with multi-panel reception

In the above example, if the UE uses the existing group-based beam reporting in NR (i.e., when groupBasedBeamReporting is enabled), the UE may choose the two CRIs to be reported in one of the following ways:
· Case 1:  both CRIs correspond to TRP1 (e.g., NZP CSI-RS resources #1 and #2 are chosen by the UE)
· Case 2:  both CRIs correspond to TRP2 (e.g., NZP CSI-RS resources #3 and #4 are chosen by the UE)
· Case 3: one CRI corresponds to TRP1 and the other CRI corresponds to TRP2 (e.g., NZP CSI-RS resources #1 and #3)
If UE reports the two CRIs according to either Case 1 or Case 2, then both beams reported correspond to the same TRP. In Cases 1 and 2, simultaneous multi-TRP transmission is not possible. Case 3 allows simultaneous multi-TRP transmission as the two beams reported correspond to different TRPs.
Hence, the existing group-based beam reporting does not necessarily ensure simultaneous multi-TRP transmission with multi-panel reception. Without simultaneous multi-TRP transmission with multi-panel reception, up to rank4 reception in FR2 may not be attained. The main problem to be addressed here is then “how to ensure that we can receive up to rank 4 in FR2”?  
[bookmark: _Toc54396204][bookmark: _Hlk54372473]NR Rel-15/16 group-based beam reporting does not necessarily ensure simultaneous multi-TRP transmission with multi-panel reception which means that reception of up to 4 layers may be always be ensured in FR2.
The performance evaluations reported in the next Section show that significant system-level gains are expected when enabling for 4-layer NC-JT. 

2.1	Performance evaluation of NC-JT at 30GHz using analog beamforming with enhanced group-based beam reporting
In this section, we evaluate the performance of a potential Rel-17 enhanced group-based beam reporting that ensures simultaneous multi-TRP transmission with multi-panel reception. As baseline for the comparison, we assume the group-based beam reporting supported in NR Rel-15/16, which as previously discussed, does not necessarily ensure simultaneous multi-TRP transmission with multi-panel reception. 
Specifically, for fixed coordination clusters of TRPs and UEs with three active panels, according to the agreed EVM for the multi-beam item [2], we evaluate and compare the performance of two NC-JT schemes using analog beamforming:
· NC-JT Baseline
· UE reports the 2 strongest beams among all UE panels 
· If both beams come from the same TRP => single-TRP transmission up to rank 2 
· If beams come from different TRPs => NC-JT transmission up to rank 2 per TRP
· NC-JT Enhanced
· UE reports the 2 strongest beams among all pairs of TRPs-UE panels (1 beam per pair)
· Always NC-JT transmission up to rank 2 per TRP

Simulation parameters follow the EVM in [2] and are summarized in Table 1. Evaluations for two scenarios are provided. The Indoor Hotspot scenario has 12 ceiling-mounted TRPs facing down. The TRPs are partitioned into fixed coordination clusters with 2 TRPs in each. The Dense Urban scenario has a hexagonal layout, and the three TRPs in each site comprise a coordination cluster. Irrespective of cluster size, NC-JT scheduling is herein restricted so that at most 2 TRPs are used to serve a particular UE. In both scenarios, the TRPs are equipped with 8x16 X-pol antenna arrays with 128 analog beams available for transmission using 2 TX antenna ports per beam. The UEs have three panels (left, right, back), with 4 dual polarized beams each. The side panels are oriented vertical and the back panel horizontal. All panels are assumed active when measuring RS for beam reporting and two panels are assumed to be able to simultaneously receive.
Table 1 Simulation parameters for NC-JT using analog beamforming
	Parameters
	Values

	Frequency Range
	30 GHz, SCS: 120 kHz, BW: 80 MHz

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
Using equivalent (8, 16, 2, 1, 1) array with 128 beams 
Beam selection based on L1-RSRP

	UE Antenna Configuration
	3 panels (left, right, and back) – “H” pattern
Panel structure: (M, N, P) = (1, 4, 2), dH = 0.5 λ 
All panels are active
4 dual-polarized DFT beams per panel in azimuth [-90, 90] range

	Link adaptation
	Outer loop adaptation + explicit CSI

	Traffic Model
	Non-full buffer

	Transmission scheme
	Up to rank 2 transmission per TRP

	Target BLER
	10%

	Scenario
	· Dense Urban (macro-layer only), 200m ISD, 7 sites, 3 sectors/site, 
100% outdoor UEs, 30km/h
· Indoor Hotspot, 12 sites, 1 sector/site, 3km/h

	UE orientation
	Vertical but random in azimuth



The mean and cell-edge user throughput of the baseline and enhanced NC-JT schemes for the 20%, 50% and 70% resource utilization points are summarized in Table 2 for the Indoor Hotspot scenario and Table 3 for the Dense Urban scenario. It is evidenced that the enhanced NC-JT scheme, enabled by enhancing the group-based reporting, yields significant system-level performance gains.
[bookmark: _Toc54396205]Significant system-level performance gains are observed from enhancing group-based reporting for the simultaneous multi-TRP transmission with multi-panel reception use case to ensure 4 layers reception in FR2

[bookmark: _Ref528877078][bookmark: _Hlk54364985]Table 2: User throughput of Enhanced vs Baseline NC-JT:
Indoor Hotspot with 2-TRP coordination clusters
	UPT [bps/Hz/user]
	group-based reporting
	20% RU
	50% RU
	70% RU

	Mean
	Baseline
	14.6
	9.4
	5.9

	
	Enhanced
	16.5 (13% gain)
	11.3 (20% gain)
	7.3 (23% gain)

	Cell-edge
	Baseline
	7.2
	2.2
	0.76

	
	Enhanced
	8.8 (22% gain)
	3.7 (67% gain)
	1.7 (119% gain)



Table 3: User throughput of Enhanced vs Baseline NC-JT:
Dense Urban with 3-TRP coordination clusters
	UPT [bps/Hz/user]
	group-based reporting
	20% RU
	50% RU
	70% RU

	Mean
	Baseline
	14
	9.4
	6

	
	Enhanced
	15.5 (11% gain)
	11 (18% gain)
	8.3 (39% gain)

	Cell-edge
	Baseline
	6.7
	2.9
	1.3

	
	Enhanced
	8.9 (32% gain)
	4.3 (48% gain)
	3 (123% gain)



2.1	Enhancement of group-based beam reporting
Based on the significant performance gain with enhanced group-based reporting, we propose to study enhanced group-based beam reporting to ensure simultaneous multi-TRP transmission with multi-panel reception. The baseline for the comparison can assume group-based beam reporting supported in NR Rel-15/16.
[bookmark: _Toc54394153][bookmark: _Toc54396179]In NR Rel-17, enhanced group-based beam reporting to ensure simultaneous multi-TRP transmission with multi-panel reception (with up to 4 layers in FR2).

For enhancing group-based beam reporting, one needs to introduce two or more groups of NZP CSI-RS (or SSB) resources for channel measurement. Each group of NZP CSI-RS (or SSB)  for channel measurements may be associated with a TRP.  Each group of NZP CSI-RS (or SSB) may contain one or more NZP CSI-RS (or SSB) resources, each associated with a beam. 
One option to group NZP CSI-RS is to use an NZP CSI-RS resource set as a group. The CSI-ReportConfig is thus extended to contain two or more resourcesForChannelMeasurement where each pointing to a group of NZP CSI-RS or SSB to be used for channel measurements. 
Alternatively, the different groups of CSI-RS resources can belong to the same CSI-RS resource set. In case all CSI-RS resources belong to the same CSI-RS resource set, some other indication (e.g., a group index) is needed to divide the CSI-RS resource into the different groups. For example, each NZP CSI-RS resource or group of NZP CSI-RS resources is associated with an index that indicates that these resources are transmitted from the same TRP. 

[bookmark: _Toc54396180]For enhancing group-based beam reporting in NR Rel-17, downselect between one of the following options:
[bookmark: _Toc54396181]Alt. 1. NZP CSI-RS resources belonging to one NZP CSI-RS resource set is associated with a TRP
[bookmark: _Toc54396182]Alt. 2.  Introduce a group index per NZP CSI-RS resource where the NZP CSI-RS resources with the same group index are associated with the same TRP 

3	Conclusion
Based on the discussion in the previous section, we make the following observation and proposal:
Observation 1	NR Rel-15/16 group-based beam reporting does not necessarily ensure simultaneous multi-TRP transmission with multi-panel reception which means that reception of up to 4 layers may be always be ensured in FR2.
Observation 2	Significant system-level performance gains are observed from enhancing group-based reporting for the simultaneous multi-TRP transmission with multi-panel reception use case to ensure 4 layers reception in FR2

Proposal 1	In NR Rel-17, enhanced group-based beam reporting to ensure simultaneous multi-TRP transmission with multi-panel reception (with up to 4 layers in FR2).
Proposal 2	For enhancing group-based beam reporting in NR Rel-17, downselect between one of the following options:
Alt. 1. NZP CSI-RS resources belonging to one NZP CSI-RS resource set is associated with a TRP
Alt. 2.  Introduce a group index per NZP CSI-RS resource where the NZP CSI-RS resources with the same group index are associated with the same TRP
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