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1. Introduction  
Beam reporting has been discussed in RAN1#90-bis and the following agreements about the evaluation of the configuration of beam reporting have been reached [1]: 
Agreements:

· Support Alt#1 for SSB: configuration of SSB resources within a resource setting for beam management. L1-RSRP measurement on those configured resources is reported. 

· For non-grouping based beam reporting, support the following reports parameters:

· Maximal number of configured Tx beams for beam measurement: K equals 64 
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)

· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 

· FFS applicable reporting channels and number of beams, and associated reporting contents 

· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them 

· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 

· FFS stepping size of differential quantization 
Agreements:

· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH

Agreements:

Working assumption from RAN1#90 is confirmed:

· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where

· The set configuration contains an information element (IE) indicating whether repetition is “on/off”

· Note: In this context, repetition “on/off” means:

· “On”: The UE may assume that the gNB maintains a fixed Tx beam

· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam

· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols

Furthermore, the following details are agreed

· CSI-RS resources in the resource set are TDMed if repetition is ON 

· If repetition is ON, The UE does not expect different values for the following parameters across different CSI-RS resources within a resource set

· Transmission periodicity

· Number of antenna port subject to RAN4 decision

· FFS for other parameters

Agreements:
NR supports the following configurations for beam management where a resource set is formed from multiple beam management CSI-RS resources and is contained within a resource setting:

· Single resource set with repetition = “OFF”

· UE reports CSI-RS resource indicator(s) within this resource set for CRI feedback

· Single resource set with repetition = “ON”

· UE does not report CRI

· FFS: Further support additional configuration by down selection from the following two alternatives:

· (a) Multiple resource sets, all with repetition = “ON” 

· UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings

· (b) Multiple equal-size resource sets, all with repetition = “OFF”

· UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets
· Note: Not all configurations are applicable for P1/P2/P3

· FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)
Our views on beam measurement and reporting have been discussed in our companion contribution [7]. In this contribution, we further discuss on some more details of beam reporting and its corresponding evaluation results involving group and non-group based approaches.
2. Remaining issues on beam reporting  

2.1 Details of group based reporting
In RAN1#90, one basic group based reporting has been agreed, where one group and two beams per group has been agreed from the perspective of Alt-1 (two groups and only one beam per group from the perspective of Alt-2). 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 1:  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 enhancing the reporting with additional information which can imply the transmission scheme.  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. Another alternative is to report RI information to distinguish whether the reported beams are belonging to the same antenna group. Further details can be referred in Annex-A. 
Proposal-1: In beam reporting, NR support to merge Alt 2 into Alt 1 as one sub-group, 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 or RI 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
2.2 Reporting of information identifying Tx beam(s) 
In RAN1#90, it has been agreed that, when repetition is ON, UE assumes the same Tx beam is used for the resources in the resource set, otherwise UE cannot assume a fixed beam for the resource set. In RAN1#90bis, afther some further discussions, the agreement on resource set configuration for or P2 and P3 to indicate repetition “ON/OFF” of the resources in the resource set has been reached, but CSI-RS resource setting for P1 is still open. 
Based on those recent agreements, P1 can be configured as follows in our views. This is more consistent with the agreed framework. It would be confusing if we repeat resource sets with the field Repetition “OFF” in another alternative i.e. alternative (b) described in Section 1. 
-
Configuring P1: Multiple resource sets are configured. For each resource set, repetition is set to be “ON”. For example, the following information is configured.

Resource set 1 {Resource i1,1, ..., Resource i1,K1, Repetition “ON”};
 ... ;
Resource set N {Resource iN,1, ..., Resource iN,KN, Repetition “ON”}
In each resource set, a fixed beam is used to facilitate UE side Rx beam sweeping. Tx beam sweeping is implemented across resource sets. Since gNB only needs to acquire Tx beam information, UE can just feedback resource set indices to gNB so that CRI overhead can be saved. Resources in each resource set are TDMed and they can be located in adjacent of non-adjacent OFDM symbols. Moreover, we can define repetition similarly to the definition of antenna port as a fixed beam is used over resources when repetition is “ON”. If repetition is “ON” for a given resource set, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set. Spatial transmit filter is captured in the current spec draft but it is more reasonable to describe it in UE perspective rather than gNB perspective.  In addition, the UE behavior on treating the repeated beams on the two ports in different resources should be the same as treating the two repeated ports as the same antenna port of the same resource. Therefore, there should be no difference on the description between these two cases. Otherwise, it implies the UE may need to expect different behaviors.
Based on the above analysis, we have the following proposals.

Proposal-2: NR supports the following configurations for P1 beam management and definition of repetition “ON”.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set

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. 

3. Evaluation on beam reporting
3.1 Evaluation assumptions 

In this section, we evaluate reporting quantities in Rx beam set (Alt1) beam reporting approaches. In the setup, we have 4 panels/subarrays at TRP side and two panels (back to back) at the UE side.  Each panel contains two TXRUs for dual-polarization. TRP and UE sweep all Tx-Rx beam pairs with oversampling factor of (O1,O2) =(1,1). One fixed TRP panel/subarray with dual polarization is used at TRP side for analog beam sweeping while both back by back panels each with one polarization are used for analog beam sweeping at UE side. The procedure for beam management is shown in Figure 3. In this case, UE speed is set as 3km/h.
· Beam sweeping and measurement for all Tx-Rx pairs is performed per 200 ms, and its beam/group based reporting is fed back to TRP. Notice that only one gNB panel is enabled for generating Tx beams for sweeping during beam measurement procedure. To be more specific, 
· Regarding non-group based beam reporting, 
· In UE side, X best beams are reported with the objective of maximizing RSRP; 
· In gNB side, only one best Tx beam is selected to be used for all panels, i.e., 4 panels in this simulation, according to results from reporting after beam refinement/re-selection at UE side.
· Regarding group based beam reporting, 
· In UE side, the L best Tx beams per UE panel, which is called as centric Tx beam per group, are selected with the objective of maximizing RSRP, and then the Tx beams from each panel are grouped into L group in order, respectively. Subsequently, M or S Tx beams per UE panel are re-searched with the objective of maximizing RSRP under the Rx beam associated with the centric Tx beam, where M and S denotes the number of beam per group and panel, and they are grouped into their Rx beam associated group accordingly, i.e., M beams per group; finally, L groups and M beams per group are reported to gNB. For the sake of presentation, the format of the group has been shown in Table-4 in Annex-A, i.e., Alt1-2.
· In gNB side, with the objective of maximizing RSRP, only one group is selected and the one of its Tx beam(s) associated with different panel is used for N/S panel (i.e., 2 panels in this simulaiton), where N denotes the number of panels in gNB side. 
· Beam refinement (i.e., beam re-selection) for candidate beams (for groups) is performed per 20 ms. Herein after the corresponding beam measurement and reporting, the latest beam/beam group from the candidate groups in this measurement window is being initiated for the following transmission. 
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Figure 3 Beam management procedures in performance simulation
Some more details on evaluation assumption can be found in Annex-B,
3.2 Performance results 
In this section, we evaluate spectral efficiency (SE) as a function of the number of Tx beams to be reported for non-group based reporting and group-based reporting cases. The results are shown in Figure 4 and Table 1 for non-group based reporting and in Figure 5 and Table 2 for group-based reporting.
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Figure 4 Spectral efficiency under non-group based reporting with X beams to be reported
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Figure 5 Spectral efficiency under group based reporting with M beams to be reported
Table 1
Spectral efficiency under non-group based reporting with X beams to be reported 
	
	X = 1 beam
	X = 2 beams
	X = 4 beams
	X = 8 beams
	X = 16 beams

	Average
	16.5886
(100%)
	16.6291
(0.24%↑)
	16.6800
(0.55%↑)
	16.6805
(0.55%↑)
	16.6805
(0.55%↑)


Table 2
Spectral efficiency under group based reporting with M beams per group to be reported (one group) 
	
	M = 2 beams
	M = 4 beams
	M = 6 beams
	M = 8 beams

	Average
	18.9798
(100%)
	19.0575
(0.41%↑)
	19.0642
(0.44%↑)
	19.0667
(0.46%↑)


Observation 2:

From the evaluation results, it can be observed that:

· Performance does not vary much as number of beams increases for non-group based reporting.

· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams. 
Here we further evaluate the performance as number of beam groups in case of blockage which are shown in Table 3.
Table 3
Spectral efficiency under group based reporting with M beams per group to be reported and N groups
	
	N=1 group

M = 2 beams
	N = 1 group

M = 4 beams
	N = 1 group

M = 8 beams
	N = 2 group
M = 2 beams 
	N = 4 group
M = 2 beams
	N = 8 group
M = 2 beams

	Outage
	11%

(100%)
	6%

(-45.5%↓)
	2%

(-81.2%↓)
	3%

(-72.7%↓)
	1%

(-90.9%↓)
	0%

(-100%↓)

	Average
	12.4313 
(100%)
	12.5315
(+0.81%↑)
	12.7242
(+2.36%↑)
	13.0613
(+5.07%↑)
	13.4169
(+7.93%↑)
	13.5942
(+9.35%↑)


Observation 3:

From the evaluation results, it can be observed that:

· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage
Based on the above observation, non-group based beam reporting is not efficient method of beam reporting.  It is a simple approach.  So we should keep it as simple as possible.  Considering this, 2 beams is sufficient for non-group based beam reporting.  We should enhance the performance by increasing number of beam groups to 2 or increase number of beams per groups to 4.
Proposal-3:
· For non-group based beam reporting, the maximum number of beams to be reported = 2.
· For group based beam reporting, support number of beams to be reported to 4 by either increasing number of groups to 2 or increasing number of beams per group to 4.  FFS on more reported beams. 
Differential RSRP reporting for group based beam reporting
In this subsection, SLS evaluation on group based beam reporting is performed in both UMA and indoor scenarios, and also the evaluation assumptions can be found in Annex-B. The RSRP range for group based beam reporting in UMA and Indoor scenarios can be found in Figure 7 and 9, where we only consider the already agreed case of one group and two beams within one group; the differential RSRP between the best and second best beams in UMA and Indoor scenarios can be found in Figure 8 and Figure 9. 

It can be observed that, in UMA, the ranges of RSRP is from -40 dB to -180 dB; in indoor scenario, the ranges of RSRP is from -40dB to -110dB. This means that with the step of 1 dB, at least 7 bit is required for L-1RSRP reporting, and as a consequence L-3 RSRP in LTE can be considered as baseline. Meanwhile, the differential RSRP between best and second best beam within one group has obviously smaller range than absolute RSRP, and only 4 bit is required here. Therefore, within one reported group, only one best beam’s RSRP is reported as its absolute value, and the corresponding values of other beam as reported as relative values, relative to the absolute value.
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Figure 7 RSRP range for group based beam reporting in UMA
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Figure 8 Differential RSRP between best and second best Tx beam in UMA
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Figure 9 RSRP range for group based beam reporting in indoor scenario
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Figure 10 Differential RSRP between best and second best Tx beam in UMA
Proposal-4: For group based beam reporting, only one best beam’s RSRP is reported as its absolute value, and the corresponding values of other beam as reported as relative values, relative to the absolute value. 

· Regarding the absolute RSRP, LTE L-3 RSRP i.e. 7-bit should be considered as baseline.
· Regarding the relative RSRP, 4-bit RSRP is supported with the step of 1dB 
4. Conclusion

In this contribution, beam reporting for beam management are discussed and studied here.  The observation and proposals for beam reporting are summarized as follows.
Observation 1:  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.
Proposal-1: In beam reporting, NR support to merge Alt 2 into Alt 1 as one sub-group, 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 or RI 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-2: NR supports the following configurations for P1 beam management and definition of repetition “ON”.

· Multiple resource sets are configured. For each resource set, repetition is set to “ON” (for P1)
· UE reports CSI-RS resource set indicator(s) for CRI feedback

· If repetition is set to be “ON”, the channel over which one resource is conveyed can be inferred from the channel over which another resource is conveyed in the given resource set

The observations from evaluation results and the proposals for number of reported beams/groups are summarized as below.
Observation 2:

From the evaluation results, it can be observed that:

· Performance does not vary much as number of beams increases for both non-group reporting.

· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams. 
Observation 3:

From the evaluation results, it can be observed that:

· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage
Proposal-3:
· For non-group based beam reporting, the maximum number of beams to be reported = 2.
· For group based beam reporting, support number of beams to be reported to 4 by either increasing number of groups to 2 or increasing number of beams per group to 4.  FFS on more reported beams. 
RSRP reporting is studied and the related proposal is concluded as below.
Proposal-4: For group based beam reporting, only one best beam’s RSRP is reported as its absolute value, and the corresponding values of other beam as reported as relative values, relative to the absolute value. 

· Regarding the absolute RSRP, LTE L-3 RSRP i.e. 7-bit should be considered as baseline.
· Regarding the relative RSRP, 4-bit RSRP is supported with the step of 1dB 
5. References 
[1] Chairman’s notes, 3GPP RAN1#90-bis
[2] R1-1719530, On transmission setting, ZTE
[3] R1-1719542
, Remaining details on DL DMRS and UL DMRS, ZTE
[4] R1-1712301
, Beam grouping evaluation for beam management, ZTE
[5] 3GPP TR 38.802, Study on New Radio Access Technology; Physical Layer Aspects (Release 14)
[6] R1-1719538, Details and evaluation results on beam indication, ZTE, Sanechips.

[7] R1-1719539, Discussion on beam management, ZTE, Sanechips
Annex-A
  Table 7 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 8 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;
Annex-B
Table 9 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60kHz

	Transmission SNR
	10 dB

	Channel Model
	CDL-A model
· delay spread =100ns

· UE speed=3km/h.  

· The angle of BS, i.e., AoD, are uniformly distributed within [-60, 60] degrees in azimuth domain, and that of UE, i.e., AoA, are uniformly distributed within [-180, 180] degrees in azimuth domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	BS antenna configurations
	(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

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. 2)
Θmg,ng=90; Ω0,1=Ω0,0+180;

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [5].
Table 10 Evaluation assumptions for UMA system-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMA in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	Scheduling algorithm
	Proportional Fair (PF)

	Traffic Model
	Full buffer

	ISD
	500m

	BS Tx power
	43dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)

(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See wall-mount in Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMA in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [5].
Table 11 Simulation parameter in indoor-hotpot scenario
	Attributes
	Values or assumptions

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per subarray per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Constraints for the range of selective beams per TRP sector
	 [0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). (dV,dH) = (0.5, 0.5)λ

Notes: Boresight direction is perpendicular to the ceiling. 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [5].
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