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Introduction
At the RAN #71 meeting, a new work item [1] of Study on New Radio (NR) Access Technology was approved, which targets at investigating the non-backward-compatible radio technologies that can fulfill the requirement for the next generation cellular system, including using the rich spectrum in high frequency bands. At the high frequency band, one critical issue is to solve the coverage problem. This may impact not only the data transmission rate, but also the establishment of reliable radio link, e.g., cell acquisition, transmission point discovery. The latter issue is obviously more critical. At the RAN1 #85 meeting [2], it was agreed to exploit the multi-antenna technologoeis to enhance the coverage, and the following was agreed.
Agreements:
· 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
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS
· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting
· SFN
· Repetition
· Beam diversity (only for multi-beam approach)
· Antenna diversity
· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded

In this contribution, we further discuss the coverage enhancement issue based on some initial performance evaluation results.
High Frequency Band Channel Characteristics
In order to fully understand the high frequency band channel characteristics and establish a comprehensive model for NR performance evaluation, a channel model study item [3], i.e., study item on channel model for frequency spectrum above 6 GHz was established at the RAN #69 meeting and related RAN1 development work started from the RAN1 #84 meeting. Until the RAN1 #85 meeting, a set of channel models has been developed which enable the evaluation of high frequency bands (in the range of [6, 100] GHz) in multiple scenarios, e.g., indoor office, UMa, UMi, etc. In our previous contribution [4], Using the large scale channel model, e.g., LOS probability, path loss, shadowing, penetration loss, we have performed initial evaluations to compare the channel characteristics at low frequency, e.g., 6GHz and high frequency, e.g., 30GHz. It was observed that at the high frequency band, large penetration loss causes a big challenge to use outdoor BSs to cover the indoor UEs. Therefore, the following was proposed.
Proposal 1: RAN1 shall study the feasibility of providing indoor coverage using outdoor BS at high frequency bands.
Another observation from the above 6GHz channel model study item is that at the high frequency band, the channel will be affected by the blockage effect, caused by moving or static objects. Some measurement results are shown in Figure 1 wherein detailed settings of the measurement are given in [5].
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Figure 1: Measurement results of blockage effects.
It can be clearly seen that blockage causes large shadowing loss, which may greatly impact the channel quality of a radio link. Based on the measurement result, the following proposal is made. 
Proposal 2: It is necessary to study robust transmission schemes to overcome the blockage effects at high frequency bands.
Multi-Antenna Based Coverage Enhancement
For a TP with a large antenna array, the signals/channels can be transmitted by using either a wide beam or a narrow beam, as illustrated in Figure 2. Due to the limited transmission power, if the reference signals are transmitted in a wide beam, it cannot fully achieve the beamforming gain, and therefore the coverage in distance will be limited; whereas if the signals/channels are transmitted in a single narrow beam, it cannot cover all possible directions. In order to achieve full coverage in both distance and directions, multi-beam based transmission can be considered. 


Figure 2: Illustration of wide and narrow beam transmissions.
Figure 3 illustrates the single beam vs. multi-beam transmission schemes. In a single-beam transmission, a single and fixed beam is used for transmitting a signal/channel. In a multi-beam transmission, multiple beams are multiplexed in time/frequency domain to provide the coverage. To illustrated the effectiveness of the multi-beam based, we perform a system level evaluation to check the RSRP and DL SINR performance achieved by single-beam and multi-beam based schemes. New channel model, as specified in TR 38.900 [5], is used for performance evaluation. RSRP is calculated according to equations in Section 8.1 of TR 36.873 [6]. According to the latest NR evaluation assumptions [2], we consider a UMa scenario with 30GHz carrier frequency. As discussed previously in [4], it is very challenging to consider outdoor BS coverage of the indoor UEs, therefore, in this simulation, we consider 100% outdoor UEs. All UEs have omni-directional antenna gain. At the RAN1 #85 meeting, the following BS antenna array configurations were agreed.
Agreements on TRP antenna modelling: 
· For evaluation, consider the following antenna configurations: 
· Baselines are at least for MIMO-related calibration (and can also be used for other features unless a different baseline is defined for evaluation of a particular feature). Companies are encouraged to evaluate other configurations as well.
· At 30GHz:
· Dense urban and Urban macro:
· Baseline: (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.
· Note that companies are also encouraged to investigate a larger panel spacing, e.g. (dg,V,dg,H) = (4,8) λ
· Indoor hotspot:
· FFS
· Consider the following a TXRU to antenna elements mapping as examples
· At 4GHz: the same as TR36.897
· At 30GHz and 70GHz: 
· Option 1: a single TXRU is mapped per panel per polarization.
· Option 2: a single TXRU is mapped per panel per subarray per polarization, 
· E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
· Other subarray configurations are not precluded. 
· Option 3: Fully connected TXRU mapping within a panel per polarization.
· Other Fully connected TXRU mapping is not precluded.  
· For evaluating multi beam based approaches at 30GHz and 70GHz, consider the following:
· TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.
· Companies should describe TXRU mapping weights for the panel beams.

In our evaluation, we consider the following antenna configuration.
· (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.
Two single-beam and multi-beam schemes are considered as follows.
Scheme 1 (single beam scheme a): BS association is according to TXRU 0. TXRU 0 is mapped to the antenna elements in the first column and all all M = 4 rows, with the first polarization in the first panel. A 1D DFT vector is applied to map TXRU 0 to the associated antenna elements, so that it forms a single beam (as illustrated in Figure 3) with vertical tilting angle of 102⁰;
Scheme 2 (multi beam scheme): BS association is according to TXRU 0. Multiple beams are formed and scattered vertically and horizontally (as illustrated in Figure 3) to map TXRU 0 to the associated antenna elements. The total number of beams is the number of antenna elements times an over sampling factor (OSF), where we consider OSF = 1 and OSF = 2; two TXRU mapping schemes are considered as follows:
· Config. 1: TXRU 0 is mapped to all antenna elements, i.e., in N = 8 columns and M = 4 rows, with the first polarization in the first panel.
· Config. 2: TXRU 0 is mapped to the antenna elements in the first N/2 = 4 columns and M/2 = 2 rows, with the first polarization in the first panel.
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Figure 3: Illustration of single-beam vs. multi-beam transmissions.
So the above described scheme 1a and 1b are single beam schemes, which have a wide coverage horizontally. Scheme 2a and 2b is are multi-beam based scheme. Each TRP can use multiple beams. However, within a single time/frequency instance, only one beam is active. A UE is associated with a single beam with the best RSRP. Note that in scheme 3, a UE may be interfered by neighboring cells in different ways, depending on the active beam applied by the neighboring TRPs. In our simulation, we simple assume that a random beam is selected by the neighboring TRPs. The RSRP and DL SINR CDF curves are depicted in Figure 4. 
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Figure 4: Single-beam and multi-beam RSRP and DL SINR comparison.
From the simulation results, it can be observed that the single-beam based schemes have similar performance, which is due to the tradeoff between coverage in direction and in distance. Using multi-beam based approaches, the RSRP and DL SINR distributions are greatly improved. The RSRP is improved for around 10 dB at 50% RSRP and the gain in DL SINR is even larger, e.g., around 12 dB at 50% DL SINR and 15dB at 90% DL SINR, which indicates that multi-beam based scheme not only improve the RSRP of the serving TRP, but also reduce the interference by forming sharp beams.
Observation: multi-beam based transmission effectively improves the channel quality.
For further investigation of the multi beam based enhancement, RAN1 shall consider different use cases, i.e., 
· for initial access, including the synchronization signal and the random access channel;
· for broadcast channel;
· for control signalling, e.g., reference signal for control channel demodulation and control channel;
· for reference signals for CSI acquisition;
· for data transmission, e.g., reference signals for data demodulation and data channel.
The target coverage area of the above signal/channel can be the same or different. And the multi-beam transmission scheme, e.g., number of beams, beam multiplexing in time/frequency scheme can also be the same or different. For different deployment scenarios, e.g., urban macro or dense urban, the coverage target may be different. In addition, in non-stand-alone and the stand-alone operations, the coverage target for specific channel/signals can also be different. Investigation of the multi-beam coverage of different use cases is important also for the frame structure design.
Proposal 3: FFS the detailed coverage enhancement target for each scenario and signal/channel use cases.
Depending on the exact scenario, channel condition, and the desired coverage enhancement targeted, it shall be determined how many beams are needed to achieve such target. It shall be also decided how many beams can be associated between a TRP and a UE. In Figure 5, we illustrate three examples. In the first example, only a single pair of TX/RX beams are selected by the BS and UE. In the second example, a pair of TX/RX beam pairs are selected by a BS and a UE. In the third example, multiple TX/RX beam pairs are selected, where the TX beams are from different BSs. Note that some of the beams may not be used for transmission, but just for backups. Multi-beam measurement/association may also be important to overcome the blockage issue, as described before in Section 2.
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Figure 5: Illustration of different beam association cases.
Proposal 4: Further investigation is needed to determine the required number of beams to achieve the coverage enhancement target.
· Determine the number of candidate beams
· Determine the number of associated beams
Summary
In this contribution, we study multi-antenna and multi-beam based coverage enhancement. Evaluation results demonstrate the effectiveness of multi-beam based coverage enhancement. Further investigation is needed to find out the coverage enhancement target for different NR signals and channels, so as to decide the required number of beams. Based on the discussion and evaluation, we have the following observations and proposals.
Proposal 1: RAN1 shall study the feasibility of providing indoor coverage using outdoor BS at high frequency bands.
Proposal 2: It is necessary to study robust transmission schemes to overcome the blockage effects at high frequency bands.
Proposal 3: FFS the detailed coverage enhancement target for each scenario and signal/channel use cases.
[bookmark: _GoBack]Observation: Multi-beam based transmission effectively improves the channel quality.
Proposal 4: Further investigation is needed to determine the required number of beams to achieve the coverage enhancement target.
· Determine the number of candidate beams
· Determine the number of associated beams
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	Parameter
	Values

	Scenarios
	UMa

	Carrier Frequency
	30 GHz

	Bandwidth
	100 MHz 

	BS Tx power
	43 dBm

	BS antenna configurations
	M=4, N=8, P=2, Mg=2, Ng =2, dH = dV = 0.5 lambda, dH,g= 4 lambda dV,g=2lambda

	BS TXRU mapping
	A single TXRU is mapped per panel per polarization or per column per panel per polarization

	MS antenna configurations
	M=2,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5lambda, dH,g=dV,g=0lambda 

	UE distribution 
	100% out door

	UE attachment 
	Based on RSRP (formula) from CRS BS port 0

	Polarized antenna modelling
	Model-2 in TR36.873

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Omni-directional
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