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1 Introduction
In this contribution, spatial-based and panel-based DL MU-MIMO transmission schemes with hybrid analog and digital beamforming architecture in high frequency are investigated, and some simulation results are presented for the comparison between these two operations.
2 DL MU-MIMO transmission schemes
Take 30GHz as an example, four panels are assumed for base station and each panel comprises of 64 cross-polarized antenna elements. The following two kinds of DL MU-MIMO transmission schemes are evaluated and compared in section 4.
· Transmission scheme 1: spatial-based DL MU-MIMO transmission scheme
In this transmission scheme, taking two-UE multiplexing as an example as illustrated in figure 1, each panel forms two analog beams simultaneously, which are the same for these four panels. The two analog beams are selected according to the preferred analog beams of UE1 and UE2, so that both of them can receive the transmitted data. With this scheme, both of the data aimed for UE1 and the data aimed for UE2 are delivered in each analog beam, which leads to multi-user interference. The multi-user interference needs to be suppressed by digital beamforming. For example, the digital beamformer could be derived using ZF algorithm to suppress interference.The more the number of RF chain is, the better the effectiveness of multi-user interference suppression is. 
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Figure 1: Transmission scheme 1
· Transmission scheme 2: panel-based DL MU-MIMO transmission scheme
In this transmission scheme, also taking two-UE multiplexing as an example as illustrated in figure 2(a), the upper two panels form analog beam 1, which is the preferred analog beam of UE1, while the lower two panels form analog beam 2, which is the preferred analog beam of UE2. The data aimed for UE1 is only delivered to the RF chains connected to the upper two panels, which means only analog beam 1 is applied. The data aimed for UE2 is only delivered to the RF chains connected to the lower two panels, which means only analog beam 2 is applied. With this scheme, the interference between UE1 and UE2 are mainly suppressed by analog beamforming. The narrower the analog beam is, the better the effectiveness of interference suppression is. Similarly, we also can use the left two panels to form analog beam 1 and use the right two panels to form analog beam 2, which is illustrated in figure 2(b).
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Figure 2(a): Transmission scheme 2
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Figure 2(b): Transmission scheme 2
CSI acquisition, scheduling and MIMO transmission procedure in the simulation:
These two above MU-MIMO transmission schemes are evaluated and compared with system level simulation. It should be noted that SU/MU-MIMO adaptation is adopted in the simulation. However, if MU-MIMO is decided to be used in a subframe, there are two options for MU-MIMO transmission schemes, which are discussed above. For MU-MIMO transmission scheme 2, the operation illustrated in figure 2(a) is adopted.
· Step 1: UE measures the beam management RS, e.g., NR-SS and CSI-RS, to derive the receive powers of different TRP/UE analog beam pairs, each beam pair corresponds to a single panel of the TRP and a single panel of the UE. Then UE feedbacks the best TRP/UE analog beam pair to the TRP.

· Step 2: TRP configures the UE to transmit SRS with the best UE analog beam periodically, and then receives the SRS with the best TRP analog beam. So the TRP can derive the digital channel information under the best TRP/UE analog beam pair. Calibration (or UE reported co-pahse) among TRPs is assumed for the SLS in this contribution. 
· Step 3: TRP transmits UE-specific beamformed CSI-RS to the UE, and the applied beamformer could be decomposed into two parts: one is the analog beamformer, which is derived according to the best TRP analog beam; the other is the digital beamformer, which is derived from SVD of the digital channel under the best TRP/UE analog beam pair. Then UE measures the beamformed CSI-RS to derive the CQI and feed it back to the TRP.

· Step 4: TRP first selects one UE according to the proportional fair scheduling method. Then TRP performs multi-user pairing by selecting pairing UEs using different analog beams and estimate the achievable throughput for scheduling decision. MU-MIMO transmission is decided to be adopted if the estimated achievable throughput of MU-MIMO is larger than SU-MIMO, Otherwise, SU-MIMO transmission is adopted.
· Step 5: TRP transmits data to the scheduled UE(s) in the subframe occupying the whole bandwidth using hybrid analog and digital beamformer. For MU-MIMO, the two above transmission schemes could be used. Only one single layer is applied for each UE in the evaluation.
3 Evaluation Assumptions

The other details of evaluation assumptions are explained as following:

Scenarios, Carrier frequency, Tx power of BS and Channel model
· UMa

· Carrier frequency: 30GHz, both 500m ISD and 200m ISD are considered.
· Tx power of BS: 43dBm for 100MHz.
· Channel model: 5GCM UMa.

· UMi
· Carrier frequency: 30GHz, both 200m ISD and 100m ISD are considered.
· Tx power of BS: 33dBm for 100MHz.
· Channel model: 5GCM UMi.
Noise figure
· BS noise figure: 8dB

· UE noise figure:13dB

Traffic model
· Full buffer

BS antenna model

·  (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.
· For each antenna element, horizontal HPBW is 65 degree, vertical HPBW is 65 degree, antenna gain is 8dbi.
· A single TXRU is mapped per panel per polarization, and phase-calibration between panels is considered in the evaluation.
· TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain. In vertical dimension, two analog beams with 102/126 degree per panel are considered for UMa and two analog beams with 78/102 degree per panel are considered for UMi, considering that the vertical HPBW of one panel beam at 30GHz is about 25 degree; In horizontal dimension, 10 analog beams are considered per panel, considering that the horizontal HPBW of one panel beam at 30GHz is about 12 degree. So, there are total 20 adjustable analog beams per panel are used to cover the whole cell area.
UE antenna model
·  (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0), (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90. UE orientation (Ω0,0, Θ0,0)=(U(0,360), 90).
· For each antenna element, horizontal HPBW is 90 degree, vertical HPBW is 90 degree, antenna gain is 5dbi.
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU

· TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain. In vertical dimension, three analog beams with 40/90/140 degree are considered per panel, considering that the vertical HPBW of one panel beam at 30GHz is about 50 degree; In horizontal dimension, 5 analog beams are considered per panel, considering that the horizontal HPBW of one panel beam at 30GHz is about 25 degree. So, there are total 15 adjustable analog beams per panel for UE.

The following analog beamforming impairments have not been included in the SLS. RAN1 may need to discuss if and how to model the following factors in SLS.

1) Transition time for analog beamformer,
2) Phase shifter granularity, e.g., 5 or 10 degree granularity

3) Beam training overhead
4 System level evaluation results

Initial system level evaluation results for the two MU-MIMO transmission schemes are summarized in table 1 and table 2:

Table 1: System level evaluation results for UMa
	
	ISD=500m
	ISD=200m

	
	Spatial-based 
	Panel-based
	Gain
	Spatial-based 
	Panel-based
	Gain

	Cell average spectrum efficiency (bps/Hz)
	1.59
	1.75
	10%
	2.30
	2.68
	17%

	Cell edge spectrum efficiency (bps/Hz)
	Outage 21.43%
	Outage 21.43%
	
	0.024
	0.024
	


Table 2: System level evaluation results for UMi
	
	ISD=200m
	ISD=100m

	
	Spatial-based 
	Panel-based
	Gain
	Spatial-based 
	Panel-based
	Gain

	Cell average spectrum efficiency (bps/Hz)
	1.77
	1.97
	11%
	2.42
	2.57
	6%

	Cell edge spectrum efficiency (bps/Hz)
	Outage 17.14%
	Outage 17.62%
	
	Outage 6.67%
	Outage 6.67%
	


From the evaluation results, it can be seen that 
· Compared with spatial-based DL MU-MIMO transmission scheme, panel-based DL MU-MIMO transmission scheme provides 10%~17% and 6%~11% cell average gain in UMa and UMi scenario.
Observation: Panel-based DL MU-MIMO transmission scheme slightly outperforms spatial-based DL MU-MIMO transmission scheme with the assumption that the antenna configuration of base station is (4,8,2,2,2) with 8 RF chains.
The above observation, although contradicting to intuition of most MIMO experts, is due to the nature of analog beamform. With analog beamforming, multi-user signals are transmitted using same analog precoder. If multi-user signals are transmitted from the same panel, severe multi-user interference is expected. On the other hand, if multi-user signals are transmitted from different panel, signals from different user can be transmitted using different analog precoder, which may cause less multi-user interference. Therefore, we propose
Proposal: Further evaluate MU-MIMO under the configuration of (4,8,2,2,2) with 32 RF chains. If panel-based MU is still better than spatial-based MU, NR MIMO would need to optimize panel based MU-MIMO, as shown in Fig. 2
5 Conclusion
In this contribution, initial system level evaluation results of two DL MU-MIMO transmission schemes with hybrid analog and digital beamforming in high frequency are present. From the evaluation results, it can be seen that 
Observation: Panel-based DL MU-MIMO transmission scheme slightly outperforms spatial-based DL MU-MIMO transmission scheme with the assumption that the antenna configuration of base station is (4,8,2,2,2) with 8 RF chains.
Proposal: Further evaluate MU-MIMO under the configuration of (4,8,2,2,2) with 32 RF chains. If panel-based MU is still better than spatial-based MU, NR MIMO would need to optimize panel based MU-MIMO, as shown in Fig. 2
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