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1 Introduction
In our companion contribution [1], the downlink CSI acquisition framework of SU-MIMO and MU-MIMO is discussed, and it was proposed to further study the MU-MIMO operation based on analog beamforming. In this contribution, the simulation results of DL MU-MIMO under hybrid analog and digital beamforming architecture in high frequency are provided.
2 Evaluation Assumptions
The details of evaluation assumptions and methods 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.

CSI acquisition, scheduling and MIMO transmission procedure:
· SU-MIMO 
· 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.
· 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 schedules one single UE in each subframe, which occupies the whole bandwidth. Specifically, the TRP estimates the achievable throughput of each UE, and then selects a single UE according to the proportional fair scheduling method.
· Step 5: TRP transmits data to the scheduled UE in the subframe occupying the whole bandwidth using hybrid analog and digital beamformer. The analog beamformer corresponds to the best TRP analog beam and the digital beamformer is derived from SVD of the digital channel under the best TRP/UE analog beam pair. Only one single layer is applied for each UE in the evaluation.
· MU-MIMO
· Step 1~3: The same as in SU-MIMO.
· Step 4: TRP first selects one UE that would be scheduled later and the concrete method is the same as in step 4 of SU-MIMO. 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 adopted if the estimated achievable throughput of MU-MIMO is larger than SU-MIMO, Otherwise, SU-MIMO transmission is adopted.
For example, we assume that UE1 is selected, and its preferred TRP analog beam is B1. Then TRP selects several other analog beams which are somewhat unrelated with B1, e.g., B2 is selected and the beam difference between B2 and B1 is more than 40 degree in horizontal domain or they are different in elevation domain. TRP further select another UE2 whose preferred TRP analog beam is B2 to pair with UE1. After that, the TRP adjusts it analog beam to receive SRS from UE1 and UE2 using the composed TRP analog beam B1+B2. In this way, TRP can get the digital channel information of UE1 and UE2 with B1+B2 is assumed for TRP analog beam, and calculate the digital beamformer for MU-MIMO. MU-MIMO transmission is adopted if the estimated achievable throughput of UE1 and UE2 is larger than UE1-only transmission, Otherwise, SU-MIMO transmission is adopted.
· Step 6: 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 analog beamformer is derived from composed TRP analog beam, e.g., B1+B2, and the digital beamformer is derived using ZF algorithm. Only one single layer is applied for each UE in the evaluation.
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
3 System level evaluation results

Initial system level evaluation results for SU-MIMO and MU-MIMO are summarized in table 1 and table 2:

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

	
	SU-MIMO
	MU-MIMO
	Gain
	SU-MIMO
	MU-MIMO
	Gain

	Cell average spectrum efficiency (bps/Hz)
	1.49
	1.65
	11%
	2.05
	2.48
	21%

	Cell edge spectrum efficiency (bps/Hz)
	Outage 20%
	Outage 20%
	
	0.0213
	0.0244
	15%


From the evaluation results, it can be seen that 
· It is quite challenge to use 30GHz under UMa sceanario with 500m ISD when Tx power of BS is 43dBm for 100MHz bandwidth, since the outage is about 20%. Even if low frequency assistance is used, frequent handover between high and low frequency seems inevitable for 500m ISD case.
· Compared with SU-MIMO, MU-MIMO provides 11%~21% cell average gain and 15% cell edge gain in UMa scenario. 
Table 2: System level evaluation results for UMi
	
	ISD=200m
	ISD=100m

	
	SU-MIMO
	MU-MIMO
	Gain
	SU-MIMO
	MU-MIMO
	Gain

	Cell average spectrum efficiency (bps/Hz)
	1.54
	1.76
	15%
	2.00
	2.54
	27%

	Cell edge spectrum efficiency (bps/Hz)
	Outage 19%
	Outage 19%
	
	Outage 8%
	Outage 8%
	


From the evaluation results, it can be seen that 
· It is quite challenge to use 30GHz under UMi sceanario with 200m ISD when Tx power of BS is 33dBm for 100MHz bandwidth, since the outage is near 20%.
· Compared with SU-MIMO, MU-MIMO provides 15%~27% cell average gain in UMi scenario.
4 Observations and proposals
4.1 High frequency deployment
For 30 GHz with 500m ISD, even with the high Tx power configuration (43 dBm/100 MHz), there is still a large probability of outage. However with 200m ISD, the outage probability could be eliminated but the cell edge performance needs to be improved.
Observation 1: 30 GHz carrier is not feasible for 500m ISD, even with the high Tx power configuration (43 dBm/100 MHz). However, 30 GHz is feasible for the 200m ISD case but the cell edge performance needs to be improved.

It is noted that current NR evaluation assumptions, 30 GHz is used for 500m ISD but not for 200m ISD. Based on the above evaluation results, current evaluation assumption may need to be revised.

It could be argued that if we can overcome the outage problem at 500m ISD, then we can improve the cell edge performance at 200m ISD. However, in our opinion, we also should avoid overdesigning the system, which may cause unnecessary spec and implementation complexity. For example, for either low frequency assistance or BS diversity solution, too much outage will cause very frequent handover.

200m ISD can be the optimization point for specification, since it is also a practical deployment. We should also study the outage issue for 500m ISD, but may not need to optimize the system for 500m ISD at 30 GHz, which is an extreme case for high frequency system.

Proposal 1: In NR evaluation assumptions, 30 GHz/43 dBm is used for 200m ISD instead of 500m ISD.
It is also observed that low Tx power configuration results much smaller ISD, which means a homogeneous deployment using the low Tx power configuration may be not practical.

Observation 2: With low Tx power configuration (33 dBm/100 MHz) and 30 GHz, extremely small ISD is needed for homogeneous network, which may be not very practical.

Proposal 2: 30 GHz/33 dB may be used for hot spot under heterogeneous network, as per current NR evaluation assumption. 
4.2 Comparison between SU-MIMO and MU-MIMO
In general, it is observed that MU-MIMO based on analog beamforming provides 11%~21% and 15%~27% cell average gain over SU-MIMO in UMa and UMi scenario. So it means that the MU-MIMO operation based on analog beamforming is feasible and deserves further study.
Observation 3: MU-MIMO based on analog beamforming provides 10%~30% cell average gain over SU-MIMO, which indicates that MU-MIMO operation based on analog beamforming is feasible and deserves further study.  
Proposal 3: Further study the MU-MIMO operation based on analog beamforming.

5 Conclusion

In this contribution, initial system level evaluation results of hybrid analog and digital beamforming are present. From the evaluation results, it can be seen that it is quite challenge to use 30GHz under UMa sceanario with 500m ISD when Tx power of BS is 43dBm for 100MHz bandwidth, since the outage is about 20%.  It is also quite challenge to use 30GHz under UMi sceanario with 200m ISD when Tx power of BS is 33dBm for 100MHz bandwidth, since the outage is near 20%.  
Observation 1: 30 GHz carrier is not feasible for 500 ISD, even with the high Tx power configuration (43 dBm/100 MHz). However, 30 GHz is feasible for the 200 ISD case but the cell edge performance needs to be improved.

Proposal 1: In NR evaluation assumptions, 30 GHz/43 dBm is used for 200m ISD instead of 500m ISD.
Observation 2: With low Tx power configuration (33 dBm/100 MHz) and 30 GHz, extremely small ISD is needed for homogeneous network, which may be not very practical.

Proposal 2: 30 GHz/33 dB may be used for hot spot under heterogeneous network, as per current NR evaluation assumption. 
We also evaluate the performance of MU-MIMO operation based on analog beamforming. From the evaluation, we observe that:
Observation 3: MU-MIMO based on analog beamforming provides 10%~30% cell average gain over SU-MIMO, which indicates that MU-MIMO operation based on analog beamforming is feasible and deserves further study.  
Proposal 3: Further study the MU-MIMO operation based on analog beamforming.
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