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Discussion
1
Introduction
Related to Multi-antenna schemes an, the following agreements related to physical layer procedures were reached in 3GPP RAN1#85[1]:

	Agreements:
· The following DL multi-antenna transmissions to be studied for NR

· Closed-loop/(Semi)Open-loop spatial multiplexing

· Single/Multi-point transmissions

· SU/MU-MIMO

· Transmit diversity, 

· e.g., Single/Multi panel spatial diversity

· Combination of above techniques

· Other DL multi-antenna transmissions and related techniques are not precluded

· This does not imply that used transmission technique needs to be known to the UE


In this contribution, we discuss the performance characteristics of downlink MU MIMO for systems operating at 30GHz, with a focus on the following issues and how these issues are inter-related: 

· The performance of DL-MU-MIMO is compared with DL-SU-MIMO when the base has a single panel array with fully connected cross-pol RF beams, one cross-pol beam per co-scheduled UE. 
· A low complexity MU-MIMO transmission scheme is used that leverages the RF grid-of-beams concept and co-schedules UEs that have selected different beams. Such a scheme involves no complicated zero-forcing and relies on the low sidelobes of the RF beams to separate the UEs. 
· We consider the performance impact on MU-MIMO of using codebook-based precoding versus reciprocity-based precoding in a beam-based downlink (one RF cross-pol beam per co-scheduled UE).

· We also consider the performance impact of using frequency-selective precoding versus wideband (non-frequency selective) precoding (where we assume the use of OFDM on the downlink).  

· The performance impact of configuring a base array for a single panel or subdividing the array into sub-panels is considered for DL-MU-MIMO and is compared with DL-SU-MIMO.

2
System Assumptions
System level simulations were performed with the following system parameters.

· UMa environment operating at 30GHz (5G-UMa channel) with an 800MHz system bandwidth

· Hexagonal layout with ISD values of 200m. 

· The UEs have a single panel array of 16 cross-pol elements (4,2,2), spaced half wavelength, and optimally oriented in azimuth.  
· The TP antenna array has 256 antenna elements arranged according to two options as shown in Figure 1:

· a single panel array (8,16,2,1,1) with 2 TXRUs (fully connected) per co-scheduled UE.

· a four-panel array (4,8,2,2,2) with 8 TXRUs, two TXRUs per panel 

· Beam-based MU-MIMO, where one cross-pol beam is selected per UE.

We consider the following transmission schemes on the DL:

· Beam-based MU-MIMO, where one cross-pol beam is selected per UE.

· Sub-band precoding (10MHz sub-bands) vs wideband precoding.  (We assume an OFDM downlink).
· Codebook-based (4TX LTE codebook or 8TX LTE codebook) vs non-codebook-based precoding (Eigenbeamforming based on reciprocity).  Both precoding strategies leverage ideal but delayed DL channel knowledge (delayed by 5msec).
Additional parameters are found in the Table 1 in the Appendix.

3
Performance with Single-Panel Arrays at TRP

Figures 2 shows the mean UE throughput for the parameters and techniques described above, and several points are worth noting. First, for both SU- and MU-MIMO, we see similar trends with regards to the effects of codebook vs reciprocity precoding and sub-band vs wideband precoding. Those cases perform rather similarly with no significant difference in performance.  Second, we see rather significant gains in MU-MIMO performance over SU-MIMO performance. The gains of MU-MIMO over SU-MIMO are on the order of 65%-70%, which indicates that MU-MIMO might be a worthwhile strategy at the higher carrier frequencies. Note from Figure 3 that the 5th percentile performance of the different SU-MIMO and MU-MIMO strategies are rather low and that a small percentage of UEs have zero throughput for both SU and MU-MIMO.  However, the poor cell edge performance is primarily a function of using a 200m ISD at 30GHz with an 800MHz bandwidth.  The simulations were performed with ideal channel estimation, and the cell edge performance will be impacted by non-ideal channel estimation.  
Observation 1: MU-MIMO has the potential to provide significant performance gains even in the above 6GHz region with low complexity transmission schemes. 

Proposal 1:  Consider MU-MIMO operation as a feature in the New Radio in the above 6GHz frequency region.  
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Figure 1: Single-Panel Array (top) and Four-panel Array (bottom).  256 total antenna elements in both cases.
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Figure 2: Single Panel Array at TRP: Mean UE throughput: downlink SU-MIMO vs DL-MU-MIMO for 30GHz UMa with 200m ISD and 800 MHz system bandwidth.  256 antenna array at the base:  Wideband (WB) precoding vs Sub-band (SB)-based precoding.  Codebook (PMI)-based vs. reciprocity-based (non-codebook-based) (EBF) precoding.  UE has a single panel 16-element cross-pol array optimally pointed in azimuth
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Figure 3: UE throughput distribution: downlink SU-MIMO vs MU-MIMO for 30GHz UMa with 200m ISD and 800 MHz system bandwidth.  256 antenna array at the base:  Wideband (WB) precoding vs Sub-band (SB)-based precoding.  Codebook (PMI)-based vs. reciprocity-based (non-codebook-based) (EBF) precoding.  UE has a single panel 16-element cross-pol array optimally pointed in azimuth
4
Performance with Multi-Panel Arrays at a TRP
Figure 4 and 5 show the performance of SU-MIMO vs MU-MIMO with the single-panel and four-panel configurations showed in Figure 1.  After the RF beams selection, wideband reciprocity-based baseband precoding of the RF beams is performed.  As was shown in Figure 2 and also shown in [3], SU-MIMO with the single panel configuration is shown to be almost identical to the four-panel SU-MIMO configuration.  However, the performance of the single-panel MU-MIMO scheme is significantly better than the performance of the four-panel MU-MIMO scheme.  The drop in performance can be attributed to the increased beamwidth and decreased beam gain achieved by the beams formed in the multi-panel case compared with the beams formed in the single panel case.  Note that in the example arrays considered here, the beams in the four panel case are formed over an array with 4 rows, 8 columns, and 2 polarizations, or 64 total elements.  However, the beams in the single panel case are formed over an array with 8 rows, 16 columns and 2 polarizations, or 256 total elements.  As a result, the beams formed in the multi-panel case have lower gain and wider beamwidth than the beams formed in the single panel case.  The wider beamwidth in the multi-panel case provides less cross-talk discrimination across different transmit beams, which degrades MU-MIMO performance relative to the single-panel case.  
Observation 2: MU-MIMO performance at 30GHz is sensitive to the array configuration.  For the same overall number of antennas in azimuth and elevation, subdividing a hybrid array at the TRP into subarrays has the potential to cause MU-MIMO performance to severely underperform the fully connected MU-MIMO configuration.  
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Figure 4: Four-Panel Array at TRP: Mean UE throughput: downlink SU-MIMO vs DL-MU-MIMO for 30GHz UMa with 200m ISD and 800 MHz system bandwidth.  256 antenna array at the base configured as either a single panel or subdivided into four sub-panels.  Precoding is wideband (WB) reciprocity-based (non-codebook-based) (EBF).  UE has a single panel 16-element cross-pol array optimally pointed in azimuth.
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Figure 5: UE throughput distribution: downlink SU-MIMO vs MU-MIMO for 30GHz UMa with 200m ISD and 800 MHz system bandwidth.  256 antenna array at the base configured as either a single panel or subdivided into four sub-panels.  Wideband reciprocity-based precoding with RF beam-based MU-MIMO.  The UE has a single panel 16-element cross-pol array optimally pointed in azimuth

5
Conclusions
In this contribution, we made the following observations and proposal: 
Observation 1: MU-MIMO has the potential to provide significant performance gains even in the above 6GHz region with low complexity transmission schemes. 
Observation 2: MU-MIMO performance at 30GHz is sensitive to the array configuration.  For the same overall number of antennas in azimuth and elevation, subdividing a hybrid array at the TRP into subarrays has the potential to cause MU-MIMO performance to severely underperform the fully connected MU-MIMO configuration.  

Proposal 1:  Consider MU-MIMO operation as a feature in the New Radio in the above 6GHz frequency region.  
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Appendix
Table I. Simulation assumptions

	Parameters
	Values

	Scenario
	Urban macro

	Carrier freq.
	30 GHz

	TRP Tx power
	43 dBm

	System Bandwidth
	800MHz

	Channel model
	According to 38.900

	TRP antenna config.
	Single-Panel: (M,N,P,Mg,Ng) = (8,16,2,1,1), (dV,dH) = (0.5, 0.5) λ 
Multi-Panel: (M,N,P,Mg,Ng) = (4,8,2,2,2), (dV,dH) = (0.5, 0.5) λ

	BS TXRU mapping
	Single TXRU is mapped per polarization per panel 
Two TXRUs per UE

	Downtilt
	90 degrees

	RF Grid of Beams
	DFT-based, 2X oversampling

	UE antenna config.
	Single Panel: (M,N,P,Mg,Ng)=(4,2,2,1,1) optimally pointed in azimuth, two TXRUs

	UE #
	5 users per TRP (average)

	UE distribution
	According to TR36.890

	Traffic model
	Full buffer

	CSIT
	Beam selection followed by either codebook feedback (PMI) or ideal reciprocity-based eigenbeamforming (EBF)
CSIT either wideband or sub-band based.  

PMI: LTE 2TX codebook for single panel array, LTE 8TX codebook for four panel array.

	BF scheme
	Analog, one cross-pol beam selected per UE 

	MIMO mode
	SU-MIMO with Rank adaptation (Rank 1 or Rank 2)
MU-MIMO with Rank adaptation per UE and with a maximum of 5 UEs paired at a time

	Scheduler
	Wideband PF

	Receiver
	MMSE
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