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1 Introduction  
Beam management framework has been discussed and the following agreements about which reference signals can be used for beam management have been reached [1]: 
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or configurable or a default
· Note: default assumption may be no QCL
· Cell-specifically configured CSI-RS is not supported for beam management
· FFS SS-block in addition to CSI-RS is at least supported for P-1 in beam management 

· FFS with or without L1-RSRP reporting
Group-based beam reporting has been discussed and the following agreements have been reached [1]: 
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting

· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 

· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 

· the number of Tx beams per group in the report Q

· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 
In this contribution, DL beam management procedure including beam measurement and (group based) beam reporting is elaborated here.  
2 Beam measurement 
2.1 CSI-RS for beam measurement
As one kind of wideband signal for channel measurement, CSI-RS has been firstly agreed for beam management besides CSI acquisition. Subsequently, in NR RAN1#AH-NR2, the following CSI-RS pattern has been agreed for beam management.

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

Besides, the pattern for CSI acquisition for 2-port is (2,1) @ FD-CDM2. In order to prevent the frequency-domain interference and keep accuracy of estimates, RAN1#AH-NR, the following aspects have been agreed. 
· from UE perspective, frequency domain CDMed DMRS ports are QCLed. 
Similarly, these two CDM ports per CSI-RS resource for beam management also should be QCLed w.r.t. all QCL parameters including spatial Rx parameter. It should be noticed that if two Tx beams (e.g., from two Tx panels, respectively) are expected to be probed for one OFDM symbol, two CSI-RS resources with one port can be configured to achieve this.    
Proposal-1: In order to keep beam measurement accurate, the ports within a CSI-RS resource for beam management are QCLed w.r.t. all QCL parameters including spatial Rx parameter.
That means that in all cases for beam management, CSI-RS resource should be QCLed no matter the number of ports, and as a consequence CSI-RS resource indicator is to indicate the Tx beam naturally. That means that at least CRI(s) are reported as the information indicating DL Tx beam(s).
2.2 SS block for beam measurement
In RAN1#88bis, it has been agreed that, for above 6GHz, the maximum number of SS block can be 64 within SS burst set and number of antenna port per SS block is one which means that SS block can support up to 64 Tx beam and offer some good spatial resolution for beam measurement, in addition to CSI-RS for BM. Additionally, in order to obtain sufficient robustness or cover more UEs under the same analog beam, DMRS associated with (common) control channel can directly use its wide beam via being spatially QCLed with SS block.
· For instance, the TRP antenna configuration of (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 agreed for NR evaluation assumption is considered here. Generally, TRP might select one panel for generating its serving beam with DFT-based virtualization and oversampling=1 for SS block. That means that per polarization we have 32 beams. The spatial resolution for one analog beam is about 45 degrees and 22.5 degrees for vertical and horizontal domain, respectively. Considering some constraint for the regions of beam sweeping per sector, this spatial resolution for SS block can be improved further.

To be more specific, we had the following agreement where SSS and DMRS have been agreed for RSRP measurement and RSRP calculation for UL power control last meeting [1].
· RAN1 assumes at least SSS is used for SS block RSRP

· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
· The following DL RS can be used for PL calculation for UL PC 

· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block

· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block

· CSI-RS;

· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement

Observation-1:  SS block RSRP, i.e., measuring RSRP from SSS and DMRS for PBCH, has been agreed at least for L3 mobility.  SS-block can provide sufficient spatial resolution for beam management.
SS block tends to use wider/lower spatial resolution beams over CSI-RS beams with higher oversampling, e.g., (O1,O2)=(4,4), which is to construct at least two-level hierarchical architecture for accelerating beamforming training with lower overhead naturally. For instance, 1 SS block can be (partially) QCL-associated with N CSI-RS resource/port through resource setting (e.g., CSI-RS resource setting contains the indicator(s) of SS block(s) in one format, which means that CSI-RS resource set(s) can be associated with SS block(s) in order), which means that Tx beams serving for SS block can well cover Tx beam sets associated with N CSI-RS resource/port.  QCL parameter set between SS and CSI-RS can be configurable according to [8].
Proposal-2: Support spatial QCL assumption between DMRS antenna group(s) and antenna port of an SS Block (or SS block time index) of a cell, e.g., for (common) control channel.
Proposal-3: Support block-wise QCL association (including spatial QCL) between CSI-RS resources and SS block(s) through CSI-RS resource setting.
2.3 Beam measurement setting
In the beam measurement setting, N≥1 reporting settings, M≥1 resource settings and L≥1 links can be configured per UE. The characteristics or parameters for reporting setting, like CSI or L1-RSRP, and resource setting, like pattern requirement for CSI-RS for beam management, are used to indicate whether this measurement is for beam management or CSI acquisition, instead of new format(s).     

In each of the L links in CSI measurement setting, there are at least CSI reporting setting indication and resource setting indication. SS block like CSI-RS comprises one resource set and this set can be linked with one reporting setting which might also link with CSI-RS resource setting, as shown in Figure 1. Noticed that its beam management setting can be UE-specific configured/triggered accordingly, e,g., the link and beam reporting setting, although the SS block is cell-specific configured by the broadcast message. For the perspective of UE reporting, the unified resource ID should be considered, e.g., the IDs from different types of RS are renumbered by gNB or by pre-defined rules. 
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Figure 1  Unified format for beam measurement setting involving SS-block and CSI-RS
Regarding the procedures of beam sweeping, the specification impact for P-1/2/3 is just to inform UE of which RS resources have the same Tx beam (i.e. kept unchanged or not). Generally P-2 can be achieved by only one SS burst set, and P-3 might need to make some association across different SS burst set. P-1 can be seen as the combination of P-2 and P-3 accordingly. 

Proposal-4: In addition to CSI-RS for beam management, SS-block should be supported for beam management. The unified format for beam measurement setting, e.g., unified resource ID, involving different RSs should be further studied.

3 Beam reporting
3.1 Alternative approaches for group based reporting
It has been agreed to support group based beam reporting based on Alt1 or Alt 2. We provide some analysis on these two alternatives:

· Beam grouping in Alt1 is done based on UE Rx beam set(s). In Alt1, different TRP Tx beams in the same group can be received simultaneously at the UE.  
· Notes: L1-RSRP for beam reporting is determined per reported Tx beam per Rx beam set, Rx beam(s) associated with which should be used simultaneously;
· Beam grouping in Alt2 is done based on UE antenna group(s) related to panel or subarray. In Alt 2, different TRP Tx beams in different groups can be received simultaneously at the UE.
· Notes: L1-RSRP for beam reporting is determined per reported Tx beam per UE antenna group, Rx beam(s) associated with which should be used simultaneously, e.g., two Rx beams for dual polarization from same panel;
· Depending on further details of each alternative, Alt1 and Alt2 may or may not achieve the same purpose.  If we assume optimization can be done more easily within a beam group, Alt1 seems to have higher flexibility to optimize reception of multiple TRP Tx beams in each Rx beam set. In the contrast, Alt2 seems to perform reporting of each antenna group more independent to each other.  Tx beams from different Alt2 groups might be highly correlated and therefore any combination of Tx beams from different Alt2 groups induce the uncertainty on transmission performance, especially taking into account that difference of boresight of different UE panel can be just 90 degree (e.g. based on NR evaluation assumption as shown in Figure 2). 
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Figure 2 Beam measurement and reporting where UE side has four panels, i.e., (Mg, Ng ) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
· For instance, in Alt-2, {Tx Beam #1, Tx Beam #11} are reported for UE antenna group A (i.e., panel #1) and {Tx Beam #2, Tx Beam #10} are reported for UE antenna group B (i.e., panel #4). However, Tx Beam #1 and #2 experience the same physical cluster, and Tx Beam #10 and #11 share another cluster. Any combination of those two groups might induce significant performance deterioration once the used Tx beams are highly correlated in UE side, like using {Tx Beam #1 and #2} or {Tx Beam #10 and #11} which are not suitable for spatial multiplexing.  In Alt-1, UE would like to report just two optimized Rx beam groups according to its observation, i.e., {Tx Beam #1, Tx Beam #10} and {Tx Beam #2, Tx Beam #11}.
· In details, SLS/LLS evaluation results of Alt-1 and Alt-2 are summarized in Table 1 and 2, where it can be observed that Rx beam set (Alt1) approach obtains joint transmission and spatial multiplexing gains and higher spectral efficiencies than UE antenna group (Alt2) in both cases of LLS and UMA scenarios, while Rx beam set (Alt1) approach has slightly low overheads in terms of UE feedback. Some more details of evaluation assumption, simulation results and performance analysis can be found in our companion contribution [4].
Table 1
Spectral efficiency under link level simulation

	
	5% Cell edge UE
	50% -ile UE
	95%-ile UE
	Average

	Rx beam set (Alt1) 
	1.9793 (+11.81 %↑)
	4.5063 (+6.14%↑)
	7.2452 (+1.28%↑)
	4.5230 (+4.7%↑)

	UE antenna group (Alt2) 
	1.7702
	4.2457
	7.1533
	4.3201


Table 2
Spectral efficiency under Case-2 UMa scenario

	
	Outage
	50% -ile UE
	95%-ile UE
	Average

	Rx beam set (Alt1) 
	14% (-12.5%↓)
	0.1711 (+24.44%↑)
	1.5804 (+1.48%↑)
	0.3637 (+1.31%↑)

	UE antenna group (Alt2) 
	16% 
	0.1375
	1.5574
	0.3590


Observation 2:  In group-based beam reporting,
· Alt1 has higher flexibility to optimize reception of multiple TRP Tx beams in each Rx beam set.
· Alt2 performs reporting of each antenna group more independent to each other, so Tx beams from different Alt2 groups might be highly correlated and therefore any combination of Tx beams of different Alt2 groups induce the uncertainty on transmission performance.
· As a consequence, Alt1 fully exploits UE beamforming capability and channel properties seen from UE side additionally and makes optimization with objective of maximizing channel capacity instead of just RSRP, compared with Alt2.
Proposal 5: NR at least supports Alt. 1 of group based beam reporting.
In order to reduce the overhead of group based reporting per reporting, the portion of grouping results instead of all of them can be reported accordingly, and therefore the number of groups to report can be less than the maximum number of groups supported. For instance, only one group can be reported per reporting format in NR. To be more specific, we have the following procedure for low-overhead reporting as shown in Figure 3. 

· UE reports the (maximum) number of supported beam grouping to gNB;

· gNB indicates one or more groups, e.g., through redefined rules or group IDs, to UE through reporting setting.
· The results associated with the indicated groups are reported accordingly.
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Figure 3 Low overhead grouping reporting procedure based on grouping-related indication from gNB

In addition, according to current agreements on criterion of beam grouping, “received simultaneously” means two cases:
· Different TRP beams can be received by different UE antenna group (e.g., different TXRUs)

· Different TRP beams can be received by same UE antenna group (e.g., same TXRU using the same receive analog beam)
The former means that the signals carried by different TRP beams can be spatially multiplexed for multi-layer transmission but the latter not. 

Observation 4:  The description of “received simultaneously” should be further divided into two categories:  received simultaneously but not for spatially multiplexing, received simultaneously and for spatially multiplexing.
In order to exactly describe the beam information UE observed, we can consider merging these two different grouping approaches together. There are two ways of merging.  One way is to establish group in Alt1 first (i.e., rx beam set) and then further group the beams in the same group into sub-groups using Alt2 (i.e., UE antenna group), which is named as Alt1-2 for the purpose of presentation. Another way is to establish grouping in Alt2 first (i.e., UE antenna group) and then further group the beams in the same group into sub-groups using Alt1, which is named as Alt2-1 here. Alt1-2 and Alt2-1 are summarized in Table 4 and Table 5 in Annex, respectively. 

In our view, beam grouping is beneficial to spatially multiplexing, combating channel changes like channel blockage and flexible beamforming e.g. based on MU pairing and frequency selective multi-user scheduling. In order to better achieve these purposes, the framework provided by Alt1 is more suitable for schemes which requires beam changes e.g. for beam refinement, against blockage, MU-pairing. Therefore, we have the following beam reporting structure to merge Alt2 into Alt1 structure as one sub-group, where those with the same UE antenna group ID means that they are from the same UE antenna group.  

Proposal 6: In beam reporting, NR support to merge Alt 2 into Alt 1 as one sub-group (as shown in Table-4), i.e., 

· Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.  The indication of antenna group ID is to distinguish between the following two cases:
· Signals carried by different TRP Tx beams reported for the different UE antenna group and same Rx beam set can be spatially multiplexed.
· Signals carried by different TRP Tx beams reported for the same UE antenna group and same Rx beam set may not be possible to be spatially multiplexed but they can be used for joint transmission purpose.
· Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
One other grouping criterion is discussed to restrict the case of non-receive simultaneously and we have the following agreement:

· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting

· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2 (in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.
A1-C1 and A2-C2 might provide the much distinct interpretation that different Tx beams from different groups (or different Tx beams from the same group) cannot be used simultaneously.

For sake of analysis, we here just consider A1-C1 case and the similar conclusion for A2-C2 can be made accordingly. Whether Tx beams can be received simultaneously or not should depend on the associated threshold of UE sides for beam determination. It is rather restrictive to require the reported beams to meet both A1 and C1 criteria.  It is hard to make sure different TRP TX beams cannot be received simultaneously.  It is not the optimal receive beam set to receive these beams but it does not necessarily mean that these beams “cannot be” received simultaneously.  It all depends on how requirement is defined e.g. using a threshold.  When we define “condition of receiving simultaneously” to meet A1, it is expected to meet a certain threshold.  However, it is hard to define the requirement of C1.  It is not reasonable to preclude some beams which meets the requirement of A1 but it does not meet the requirement of C1.  It also seems to preclude the same Tx beam belonging to multiple groups as the two criteria becomes contradicting each other. 

To be more general, the main issue is that even though we have more tight criteria for “non-receive simultaneously”, the issue about the description of “received simultaneously” is still not solved (The description of “received simultaneously” should be further divided into two categories:  received simultaneously but not for spatially multiplexing, received simultaneously and for spatially multiplexing.”)  

 Observation 3:  A1-C1 (A2-C2) hardly solves the ambiguity about interpretation of “received simultaneously” for different Tx beams.  Meeting both A1 and C1 is a too restrictive requirement which may hurt the performance of beam selection.  

3.2 Remaining issues for (grouping based) beam reporting
RSRP determination and CRI reporting
Regarding L1- RSRP determination for beam reporting, we have
· In the case of one group supported only, L1-RSRP is determined per reported Tx beam;

· In Alt1, L1-RSRP is determined per reported Tx beam per Rx beam set, Rx beam(s) associated with which should be used simultaneously;
· In Alt2, L1-RSRP is determined per reported Tx beam per UE antenna group, Rx beam(s) associated with which should be used simultaneously, e.g., two Rx beams for dual polarization from same panel

· In Alt1-2 or Alt2-1, L1-RSRP is determined per reported Tx beam per Rx beam set & UE antenna group, Rx beam(s) associated with both of which should be used simultaneously
In addition, in order to save the overhead of CRI indication in the case of the large range of CSI-RS resources associated with measurement setting, it should be considered to configure multiple reference CSI-RS resource sets for different types of beams, like neighboring beam(s) or whole-space beam(s), which has different probabilities for being reported in terms of RSRP. The UE chooses the reference CSI-RS resource set, and then reports the local CRI within the selected set. For instance, the CSI-RS resource set 1 includes all CSI-RS resources measured and the reference CSI-RS resource set 2 includes only a few CSI-RS resources, beams of which are neighbored to candidate beam(s).  
Capability issues for DL beam management
Consideration on the constraint of TRP antenna panels/subarray should be taken for selecting Tx beam(s), like the above mentioned grouping based on UE capability. To be more specific, Tx beams within TRP antenna group (i.e. from the same tx panels) cannot be transmitted simultaneously, and therefore the TRP needs to define a TRP beam group which cannot be transmitted simultaneously and inform them of UE. When a UE selects beams for spatially multiplexing in beam reporting, the selection rules have to follow the constraint that each of these beams is coming from different gNB beam groups.  
Proposal 7: TRP Tx beam groups are defined for indication to UEs on which beams cannot be transmitted simultaneously in the same group. The beam selection rules for spatial multiplexing in beam reporting should follow the constraint that each of these beams is coming from different TRP beam groups.
Similarly, notice that, in order to achieve the reporting about UE capabilities, e.g., the TXRUs associated with Tx beams or group, the report format should contain the following aspects

· RI (per Tx beam) per group
· The max number of (spatial) layers (per Tx beam) per group
· The number of groups to be reported 
· The max number of supported group
· The max number of (spatial) layers for DL transmission

This reporting for UE capabilities is necessary for the subsequent gNB determination of DL transmission scheme, DL CSI-RS resource setting and reporting setting. 

Number of groups and beams per group
Regarding quantities of grouping format, i.e., M, N, L, Q, should be determined based on which grouping method is adopted in NR. The performance and overhead comparison between Alt-1 and Alt-2 can be found in our companion contribution [4]. It should be noticed that compared with Alt-1 or Alt-2, the increase of overhead is just only one more group ID is added per reported Tx beam for merging approaches, i.e., Alt1-2. For instance, if the maximum four panels (UE antenna group) are supported in first release of NR, only 2 more bits are added per reported Tx beam for Alt1-2 over Alt-1.  
According to evaluation assumption for NR [4], the recommended L, Q, T for Alt-1 and Alt1-2 are summarized in the Table 5, where T represents the number of sub-groups per group to report, respectively (FFS: M, N, the design for which should depend on whether results of beam refinement should be reported by grouping format (ie., containing it associated group IDs) and whether updating one part of beam groups in spec is allowed). To be more specific, L is determined by the maximum number of maintenance groups of physical path; Q is determined by the maximum number of reported beams belonging to a beam group; and T is determined by the maximum number of panels.  Table 5 shows our consideration on these quantities.
  Table 3 Beam reporting quantities for Alt1 and Alt1-2

	
	L
	Q
	T

	Alt-1
	[4,2,1]
	[4,2,1]
	-

	Alt1-2 
	[4,2,1]
	[4,2,1]
	[2,1]


Regarding overhead of grouping-based reporting of Alt-1, the number of bits for this reporting is LQ(BRSRP+ BCRI+ceil(log(max{Q}))), where BRSRP and BCRI denotes the length of bits for RSRP and CRI reporting. It is assumed that the ranges of CRI and RSRP is 32 and 64, i.e., 5-bit and 6-bit, respectively, the overhead for the two groups and two beams per group in the typical case is 2*2*(6+5+1) = 48 bits. The maximum bits, i.e., four groups and four beams per group, is 4*4*(6+5+2) = 208 bits.
Proposal 8: To support the following aspects for grouping-based reporting setting in Alt-1

· the number of groups to report L = {4,2,1}
· the number of Tx beams per group in the report Q={4,2,1}
For Alt1-2, only subgroup ID (of 1-bit) is added compared with Alt-1 only approach, and the number of bits for this reporting is LQ(BRSRP+ BCRI+ceil(log(max{Q}))+ceil(log(max{T}))). For instance, the maximum number of reporting bits for Alt1-2 is 4*4*(6+5+2+1)=224 bits, which is just 16 bits more than Alt-1, in the case of four groups and four beams per group to be reported. That means that overhead of merging Alt-2 into Alt-1 is negligible.
Observation 4: Increase of reporting overhead induced by merging Alt-2 into Alt-1 is very small, since only up to one-bit subgroup ID is added for each reported Tx beam.  
4 Conclusion

In this contribution, beam measurement and indication for DL beam management are discussed and studied here.  The following observations for beam measurement are summarized as below:
Observation-1:  SS block RSRP, i.e., measuring RSRP from SSS and DMRS for PBCH, has been agreed at least for L3 mobility.  SS-block can provide sufficient spatial resolution for beam management.
Based on the analysis on beam measurement, we have the following proposals:
Proposal-1: In order to keep beam measurement accurate, the ports within a CSI-RS resource for beam management are QCLed w.r.t. all QCL parameters including spatial Rx parameter.
Proposal-2: Support spatial QCL assumption between DMRS antenna group(s) and antenna port of an SS Block (or SS block time index) of a cell, e.g., for (common) control channel.
Proposal-3: Support block-wise QCL association (including spatial QCL) between CSI-RS resources and SS block(s) through CSI-RS resource setting.

Proposal-4: In addition to CSI-RS for beam management, SS-block should be supported for beam management and configured for all P-1/2/3 procedure per UE specific. The unified format for beam measurement setting, e.g., unified resource ID, involving different RSs should be further studied.

The following observations for beam reporting are summarized as below:
Observation 2:  In group-based beam reporting,
· Alt1 has higher flexibility to optimize reception of multiple TRP Tx beams in each Rx beam set.
· Alt2 performs reporting of each antenna group more independent to each other, so Tx beams from different Alt2 groups might be highly correlated and therefore any combination of Tx beams of different Alt2 groups induce the uncertainty on transmission performance.
· As a consequence, Alt1 fully exploits UE beamforming capability and channel properties seen from UE side additionally and make optimization with objective of maximizing channel capacity instead of just RSRP, compared with Alt2.
Observation 3:  A1-C1 (A2-C2) hardly solves the ambiguity about interpretation of “received simultaneously” for different Tx beams.  Meeting both A1 and C1 is a too restrictive requirement which may hurt the performance of beam selection.  

Observation 4: Increase of reporting overhead induced by merging Alt-2 into Alt-1 is very slight, since only up to one-bit subgroup ID is added for each reported Tx beam.  
Based on the analysis on beam reporting, we have the following proposals:
Proposal 5: NR at least supports Alt. 1 of group based beam reporting.

Proposal 6: In beam reporting, NR support to merge Alt 2 into Alt 1 as one sub-group (as shown in Table-4), i.e., 

· Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.  The indication of antenna group ID is to distinguish between the following two cases:
· Signals carried by different TRP Tx beams reported for the different UE antenna group and same Rx beam set can be spatially multiplexed.
· Signals carried by different TRP Tx beams reported for the same UE antenna group and same Rx beam set may not be possible to be spatially multiplexed but they can be used for joint transmission purpose.
· Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
Proposal 7: TRP Tx beam groups are defined for indication to UEs on which beams cannot be transmitted simultaneously in the same group. The beam selection rules for spatially multiplexing in beam reporting should follow the constraint that each of these beams is coming from different TRP beam groups.
Proposal 8: To support the following aspects for grouping-based reporting setting in Alt-1

· the number of groups to report L = [4,2,1]
· the number of Tx beams per group in the report Q=[4,2,1]
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Annex
  Table 4 Beam reporting format where Alt2 is merged into Alt1 as one sub-group, i.e., Alt1-2
	Rx beam set group ID1
	UE antenna group ID1,1
	logical beam index1,1,1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam index1,1,y(1,1)
	RSRP, CSI at least containing RI

	
	…

	
	UE antenna group ID1,x(1)
	logical beam index1, x(1),1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam index1,x(1),y(1, x(1))
	RSRP, CSI at least containing RI

	…

	Rx beam set group IDL
	UE antenna group IDL,1
	logical beam indexL,1,1
	RSRP, CSI at least containing RI 

	
	
	…

	
	
	logical beam indexL,1,y(L,1)
	RSRP, CSI at least containing RI

	
	… 

	
	UE antenna group IDL,x(L)
	logical beam indexL,x(L),1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam index L,x(L),y(L, x(L))
	RSRP, CSI at least containing RI


· Notes: Signals carried by different TRP Tx beams reported for the different UE antenna group and same Rx beam set can be spatially multiplexed; Signals carried by different TRP Tx beams reported for the same UE antenna group and same Rx beam set may not be possible to be spatially multiplexed. 
· Notes: These Tx beams with same Rx beam set group and UE antenna group IDs are QCLed and share the same or similar Rx beam(s) from one UE panel, which means that TRP can change transparently their Tx beams with flexibility.

· Notes: L1-RSRP for beam reporting is determined per reported Tx beam per Rx beam set & UE antenna group, Rx beam(s) associated with both of which should be used simultaneously;
  Table 5 Beam reporting format where Alt1 is merged into Alt2 as one sub-group, i.e., Alt2-1
	UE antenna group ID1
	Rx beam set group ID1,1
	logical beam index1,1,1
	RSRP, CSI at least containing RI 

	
	
	…

	
	
	logical beam index1,1,y(1,1)
	RSRP, CSI at least containing RI

	
	…

	
	Rx beam set group ID1,x(1)
	logical beam index1, x(1),1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam index1,x(1),y(1, x(1))
	RSRP, CSI at least containing RI

	…

	UE antenna group IDL
	Rx beam set group IDL,1
	logical beam indexL,1,1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam indexL,1,y(L,1)
	RSRP, CSI at least containing RI

	
	… 

	
	Rx beam set group IDL,x(L)
	logical beam indexL,x(L),1
	RSRP, CSI at least containing RI

	
	
	…

	
	
	logical beam index L,x(L),y(L, x(L))
	RSRP, CSI at least containing RI


· Notes: Signals carried by different TX beams reported for different UE antenna groups and same Rx beam set can be spatially multiplexed; Signals carried by different TRP Tx beams reported for the same UE antenna group and same Rx beam set may not be possible to be spatially multiplexed but these TRP Tx beams can be received simultaneously at the UE; 
· Notes: Different TX beams reported for the same/different UE antenna group(s) and different Rx beam set may not be possible to be received simultaneously at the UE
· Notes: These Tx beams with same UE antenna group and Rx beam set group IDs are QCLed and share the same or similar Rx beam(s) from one UE panel, which means that TRP can change transparently their Tx beams with flexibility.

· Notes: L1-RSRP for beam reporting is determined per reported Tx beam per Rx beam set & UE antenna group, Rx beam(s) associated with both of which should be used simultaneously;
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