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1. Introduction
In RAN1#85, RAN1 agrees on the study of multi-beam-based initial access for NR MIMO based on the following agreement [1]
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
In our companion contribution [2], we elaborate the framework of initial access for new radio. In this contribution, we evaluate and analyze coverage related problems in initial access from the PHY aspects.
2. Coverage issue for NR initial access
For initial access of the new radio above 6 GHz, coverage is an important issue since the signal suffers large path loss and penetration loss in high frequency bands. Beamforming-based massive MIMO provides a potential solution to this problem by combating the path loss and penetration loss with beamforming gain. We perform several simulations to show the impact of Tx and Rx beamforming on the received signal quality in different scenarios. The simulation assumptions are listed in the annex.
2.1 Indoor hotspot
The simulation results for indoor hotspot are shown in Fig. 1. In Fig.1, beamforming is not used in BS or UE. It is seen in Fig. 1 that the SNRs for 30 GHz and 70GHz for the 5%-UEs are 25dB and 17dB. Moreover, the typical demodulation threshold in LTE is -6dB. Hence even without beamforming, the demodulation threshold can be achieved, i.e., coverage is not a critical issue for indoor hotspot.
[image: ]
Fig.1 Received SNR for Indoor hotspot
Observation 1: Coverage is not a critical issue for indoor hotspot even without beamforming.
2.2 Uma
The simulation results for Uma are plotted in Fig. 2. In Fig. 2, SVD-based Tx beamforming and Rx beamforming are employed as the ideal beamforming. Meanwhile, the simulation results of DFT vectors are also shown. It is shown in Fig.2 that even with the ideal Tx-Rx beamforming, the SNR for the 5%-UEs is -20dB, which is far beyond the demodulation threshold. Hence coverage is a critical issue for Uma even with the optimal beamforming. Moreover, the widely used DFT beamformers suffer much more severe performance loss.
[image: ]
Fig. 2 Received SNR for Uma
Observation 2: Coverage is a critical issue for Uma even with the optimal beamforming.
It can be observed that without receive beamforming, there is about 10dB loss from combined transmit and receive beamforming.  So it is important to consider receive beamforming as well.  
Proposal 1: NR design should take into account of both transmit and receive beamforming to achieve better coverage
Power boosting can be employed to alleviate the coverage problem, while the extreme case is that the sweeping block occupies all the power of the whole bandwidth. If 6 RBs located in the center of 100 RBs are used to send SS, about 12dB power boosting gain can be achieved. In addition, repetition can be another candidate solution to alleviate the coverage problem. For example, the sweeping burst is repeated with the same beamforming in adjacent OFDM symbols. Then the UE can perform joint detection/estimation of the received signals in configured OFDM symbols to enhance the SNR. In assistance with the 12dB power boosting gain, the -14dB performance gap to the demodulation threshold can be compensated with 1-2 times of repetition.  It can be observed that the beamforming gain is much less when DFT beamforming is applied compared to ideal beamforming.  Therefore further techniques are required to compensate the loss of realistic beamforming.
Proposal 2: Power boosting and repetition can be used to alleviate the coverage problem in NR initial access in assistance with beamforming for Uma above 6 GHz.  Further techniques are required to ensure the coverage for Uma.

2.3 Dense urban
For the dense urban scenario, the deployment of macro layer in low frequency bands, e.g., 4 GHz, can be used to solve the coverage issue for the micro layer in high frequency bands. Specifically, if a UE cannot access the micro BS, it will try to access the macro BS instead. However, since the micro BS in high frequency bands can provide a much larger data rate than the macro BS, the network throughput is degraded if too many UEs access the macro BS.  Better coverage would boost the network throughput by offloading more traffic to micro layer.
[bookmark: _GoBack]Proposal 3: NR should study the trade-off of throughput and coverage for the dense urban scenario with micro layer in high frequency bands and macro layer in low frequency bands.
3. Conclusions
In this contribution, we discuss the coverage issue and potential solutions for NR initial access from the perspective of beamforming. Based on the discussion, we have the following observations and proposals.
Observation 1: Coverage is not a critical issue for indoor hotspot even without beamforming.
Observation 2: Coverage is a critical issue for Uma even with the optimal beamforming.
Proposal 1: NR design should take into account of both transmit and receive beamforming to achieve better coverage
Proposal 2: Power boosting and repetition can be used to alleviate the coverage problem in NR initial access in assistance with beamforming for Uma above 6 GHz.  Further techniques are required to ensure the coverage for Uma.
Proposal 3: NR should study the trade-off of throughput and coverage for the dense urban scenario with micro layer in high frequency bands and macro layer in low frequency bands.
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5. Appendix
Simulation assumptions
	Parameter
	Indoor hotspot
	Uma

	Layout
	Single layer
Indoor floor:(12BSs per 120m * 50m)
TRP number:12
	Single layer
Macro layer: Hex Grid

	ISD
	20m
	500m

	Carrier Frequency
	30GHz and 70GHz
	30GHz

	System Band
	80 MHz
	80 MHz

	Channel model
	5GCM office [3]
	5GCM UMa [3]

	BS Tx power
	23dBm
	43dBm

	Antenna Configuration
	Omni
	(M,N,P,Mg,Ng) = (4,8,1,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dg,H,dg,V) = (4.0, 2.0)λ

	UE Configuration
	Omni
	(M N P) = (1,8,1)
(dH,dV) = (0.5, 0.5)λ

	BS antenna height
	3m
	25m

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	13dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic
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