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Introduction
Rel-16 MIMO is tasked to enhance various aspects of multi-beam operation in FR2, including [1]
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In the last meeting [2], evaluation assumptions have been discussed for both LLS/SLS, as shown in the next two tables, respectively.
Table 1: Simulation assumptions for multi-beam enhancement. (LLS)
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	Each company to provide details on the assumption for the “data allocation”

	Channel Model
	CDL-A /B/C model (LOS model e.g. CDL-D/E as optional)
-                delay spread =30ns, 100ns 
-                UE speed=3km/h. (baseline), 30, 60km/h (optional)
-                The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.
Companies to report phase noise modelling and PTRS considerations if used.

	TXRU mapping to antenna elements
	Companies explain details of the using TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies to provide details on TXRU mapping weights.

	Procedure of beam sweeping
	Companies to provide details on procedure of beam sweeping.

	Criteria for beam selection
	Companies to provide details on criteria for beam selection.

	UE reporting
	Companies to provide details on criteria for UE reporting.

	BS antenna configurations
	Either Options can be considered as baseline. 
Option 1: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 
Option 2: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ
Other Antenna configuration is not precluded.

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); baseline for UL panel-specific beam selection
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ.
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1);  also can be used except for evaluating UL panel-specific beam selection
* Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Other Antenna configuration is not precluded.

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

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree, ΩUT,b = 0°, ΩUT,g = 0° (baseline)

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

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. can be optionally considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained
Note: companies are encouraged to apply UE mobility/rotation/blockage in evaluations and report the related details

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline; other advanced receiver is not precluded.

	Link adaptation
	Based on CSI-RS


Table 2: Evaluation assumptions for multi-beam enhancement (SLS)
	Parameters
	Values

	Scenarios 
	Indoor hotspot
Dense Urban Micro layer only (Either options below can be considered.)
Option 1: 2 tier (7 sites with 21 cells) or
Option 2:  3 tier (19 sites with 57 cells)

	Mode
	DL SU-MIMO/ MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz, 
(Other subcarrier spacings can be considered)

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	Companies explain the details of TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Constraints for the range of selective beams per TRP sector
	Companies explain what scheme is used

	Scheduling algorithm
	Companies explain what scheme is used

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes as baseline, and FTP mode 3 and/or other packet size (e.g.  2Mbyte) can be considered.

	BS antenna configurations
	Either Options can be considered as baseline. 
Option 1: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 
Option 2: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ
Other Antenna configuration is not precluded.
Example of other options. 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ or (M, N, P, Mg, Ng; Mp, Np) = (4, 16, 2, 2, 2; 1, 1). (dV, dH) = (0.5, 0.5) λ (dg,V, dg,H) = (2.0, 4.0) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; as baseline
Other configuration is not precluded.

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

	Inter-panel calibration for UE
	Ideal or non-ideal calibration, companies to report the selected assumption

	Beam correspondence 
	Companies report details of the assumptions

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how is modelled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. can be optionally considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained
Note: companies are encouraged to apply UE mobility/rotation/blockage in evaluations and report the related details


In this paper, we share our concerns on several issues identified on the evaluation assumptions. Possible enhancements and some initial results on multi-beam enhancements can be found in our companion papers [3][4].
Issues on evaluations of multi-beam operation
This section is to report several remaining issues on the simulation assumptions for multi-beam operation. 
SLS evaluation scenarios
Firstly, for SLS, we suggest to correct the ‘Dense Urban Micro layer only’ scenario in the agreement [2] to ‘Dense Urban Macro layer only’ scenario, as follows. 
	RAN1#94bis Agreement
	Parameters
	Values

	Scenarios 
	Indoor hotspot
Dense Urban Micro Macro layer only (Either options below can be considered.)
Option 1: 2 tier (7 sites with 21 cells) or
Option 2:  3 tier (19 sites with 57 cells)





Given that 7-site and 19-site cases are agreed for SLS,  a considerably large number of micro TRPs would be simulated, i.e., 63 and 171 micro TRPs respectively, which introduces unnecessary complexities at this stage. Since we would like to keep the simulations ‘small-scale’, for encouraging quantitative performance comparisons, ‘Dense Urban Macro layer only’ is more favorable. To be more specific, the left side (without Micro TRP) of TR 38.802 V14.2.0 Figure A.2.1-3 should be the very deployment for Option 1: 2 tier (7 sites with 21 cells).
	TR 38.802 V14.2.0 Table A.2.1-1
	Parameters
	Dense urban

	Layout
	Single layer:
Macro layer: Hex. Grid

Two layer
Macro layer: Hex. Grid
Micro layer: Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8


TR 38.802 V14.2.0 Figure A.2.1-3
[image: ]
NOTE: Micro TRPs refers to micro TRP centers
Figure A.2.1-3: Cell layout for dense urban (3 Micro TRPs per Macro TRP)


Proposal 1: Change ‘Dense Urban Micro layer only’ scenario to ‘Dense Urban Macro layer only’ scenario in SLS evaluation scenarios for multi-beam enhancement.
UE mobility/rotation/blockage
For both LLS and SLS, in FR2, add-on features such as UE mobility/rotation/blockage should be mandated since they are the major challenges for beam-based operations. For example, UE speed is the key factor when studying the overhead and latency of beam management RS. Blockage is one of major reasons why the BFR scheme is designed. Without a proper modelling of these features in the simulation, the results may be less convincing in FR2.
Proposal 2: Add-on features such as UE mobility/rotation/blockage should be mandated in LLS/SLS for multi-beam enhancement.
In the course of the simulations enabling UE mobility/rotation/blockage, it is observed that the existing parameters of blockage model may not be able to accurately reflect blockage events in practice. To be more specific, blockage model A (TR 38.901 V15.0.0 section 7.6.4.1) is a specified stochastic model for capturing blocking events. It is more computationally efficient compared to the other geometric blockage model B and serves as an easier choice for link-level simulations. However, one issue was identified when we check the blockage situation for blockage model A (non-self blocking)+ CDL-B channel model (TR 38.901 V15.0.0 section 7.7.1) for link-level simulations, as presented in next figures. Figure 1 shows that, with simulated parameters as defined in TR 38.901, none of the clusters falls into the blocking regions and the attenuation due to blockage can be 0. It actually means the blockers have no impacts on the wireless links, which doesn’t make sense. In order to evaluate the performance in FR2, especially to compare the performance of difference beam-switch algorithms, beam failure recovery mechanisms, etc., to our understanding, Figure 1 would not be a useful assumption for simulations, therefore a further check on the blockage model is suggested.
[image: ]
[bookmark: _Ref528391165]Figure 1 illustration of CDL-B channel model and blockage model A*
(*The rectangles are simulated blockers and the dots denotes the clusters according to CDL-B. The color depth of the dots denotes the different power levels. The x- and y- axis are azimuth and elevation respectively.)
To solve this issue on blockage modeling, one possibility is to modify the blocking region parameters in TR38.901 Table 7.6.4.1-2. 
	TR 38.901 V15.0.0 Table 7.6.4.1-2: Blocking region parameters.
	Blocker index (k = 1, …, 4)
	

	

	

	

	r

	 InH scenario
	Uniform in 
[0o, 360o]
	Uniform in 
[15o, 45o]
	90o
	Uniform in 
[5o, 15o]
	2 m

	UMi, UMa, RMa scenarios
	Uniform in 
[0o, 360o]
	Uniform in 
[5o, 15o]
	90o
	5o
	10 m






As one example, the elevation angles  should not be fixed as 90o . On the other hand, it should be linked to angle information provided in the applied CDL channel models, so that the simulated blocker can actually contributes to blockage in the LLS, as shown in Figure 2, which suggests that at least the highest-power cluster (i.e., the main paths) is being blocked by the modeled blocker.
[image: ]
[bookmark: _Ref528391202]Figure 2 illustration of CDL-B channel model and a more realistic blockage model**
(**A more realistic and desired blocker which causes attenuation of high-power cluster(s). For simplicity, k=1.)

Proposal 3: Blocking region parameters in TR38.901 Table 7.6.4.1-2 should be further checked for LLS, for example, elevation angles  should not be fixed as 90o but be adjusted according to angle information provided in the applied CDL channel models.
Performance metrics for multi-beam operation
To understand the gain of potential enhancements, quantitative performance comparisons with what was specified in Rel-15 is highly recommended. While the suitable performance metric may vary with the targeted scenario and enhancements under discussions, we propose to reuse those listed in TR38.802 as general performance metrics (e.g., cell-level spectrum efficiency and user perceived throughput in SLS and single-user spectrum efficiency and BLER in LLS). 
In addition, as beam management procedures are mainly used acquire/maintain/recover the beam pair(s) between gNB and UE, some intermediate or statistic results are also of interests, and can help to reduce the simulation complexity as well. In this regard, we propose to discuss and align the following performance metrics:
· Trace and CDF of L1-RSRP/SINR (user experienced L1-RSRP/SINR over time and also overall distribution, illustration given on left side of Figure 3, example can also be found in our companion papers [4])
· Probability of interruption (e.g., SNR < [0]dB), and conditional probability of interruption (e.g., probability of SNR < [0]dB conditioned on blockage event, where block event is defined as SNR dropped by [10]dB and lasted over [50]ms, illustration given on right side of Figure 3, example can also be found in our companion papers [4])
[image: ] 
[bookmark: _Ref525891225]Figure 3 Example of RSRP trace (Left) and blockage event (Right)
Observation 1: Intermediate results such as distribution of L1-RSRP/SINR and probability of SNR < [0]dB can provide insights into performance of multi-beam enhancements while reducing simulation complexity.
Summary of proposals
The observation and proposals of this paper are summarized as follows. 
[bookmark: _GoBack]Observation 1: Intermediate results such as distribution of L1-RSRP/SINR and probability of SNR < [0]dB can provide insights into performance of multi-beam enhancements while reducing simulation complexity.
Proposal 1: Change ‘Dense Urban Micro layer only’ scenario to ‘Dense Urban Macro layer only’ scenario in SLS evaluation scenarios for multi-beam enhancement.
Proposal 2: Add-on features such as UE mobility/rotation/blockage should be mandated in LLS/SLS for multi-beam enhancement.

Proposal 3: Blocking region parameters in TR38.901 Table 7.6.4.1-2 should be further checked for LLS, for example, elevation angles  should not be fixed as 90o but be adjusted according to angle information provided in the applied CDL channel models.
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