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1 Introduction

In the RAN#71 meeting, a new SI [1] on new radio access technology (RAT) was approved. MIMO is one of the key technologies to meet the diversified requirements in scenarios as suggested in [2] for the new radio (NR), such as high spectrum efficiency, enhanced coverage, massive connections, low latency, and improved energy efficiency and so on. The evolution of MIMO technologies in LTE is summarized in Table 1 below.
Table 1
MIMO evolution in LTE framework
	Release 8
	Release 9
	Release 10
	Release 11
	Release 12
	Release 13

	· 2x2 MIMO

· 4Tx DL

· 4/8Rx UL
	· 8Tx TM8
	· 8Tx TM9
	· 8Tx TM10
	· 4Tx MIMO Enhancement
	· 64Tx FD-MIMO


In LTE Rel. 13, up to 64 antennas including both azimuth and vertical dimensions for MIMO transmission have been studied and specified. The maximum number of CRS ports is 4, maximum number of CSI-RS ports is 16, and maximum number of DMRS ports is 8 which supports up to 8 layers transmission per UE. Transmissions of cell specific channels/signals, e.g. PBCH, SIB, CRS, PSS, SSS and PDCCH  are assumed as omni-directional to ensure the broad cell coverage. 
To meet the performance requirements of NR, up to 256Tx at TRP was agreed to be considered [3]. And an email discussion in “[84b-13] Evaluation assumptions for NR” has agreed to increase the maximum number of TRP Tx/Rx antenna elements at 70GHz to 1024. In addition, carrier frequency of NR extends legacy LTE carrier (e.g. 1.8GHz/2.6GHz) to higher frequency band (e.g. 4GHz/30GHz/70GHz) with higher bandwidth. These new changes bring significant challenges for both the implementation and the air interface design. One of the challenges could be how to provide similar coverage as LTE without increasing the transmit power of TRP for successful roll out of NR.
In this contribution, we first investigate the coverage issue of massive MIMO (M-MIMO) systems for various deployment scenarios through preliminary link-budget analysis. Potential solutions are then discussed for coverage extension and energy efficiency improvement.
2 Coverage analysis of NR

2.1 Deployment scenarios
Table 2 lists the main attributes of some key deployment scenarios for eMBB [2], such as carrier frequency, system bandwidth, inter-site distance (ISD) and antenna configurations.
Table 2
System parameters for various deployment scenarios
	
	Indoor Hotspot
	Dense Urban
	Rural
	Urban Macro

	Carrier Frequency
	Around 4G/30G/70GHz
	Around 4GHz + Around 30GHz
	Around 700M/4GHz (ISD 1)

Around 700M/2GHz combined (ISD 2)
	Around 4/30GHz

	Aggregated System Bandwidth
	· 30/70GHz: up to
1GHz (DL+UL)

· 4GHz: up to
200MHz (DL+UL)
	· 4GHz: up to
200MHz (DL+UL)
· 30GHz: up to
1GHz (DL+UL)
	· 700MHz: up to
20MHz (DL+UL)

· 4GHz: up to

200MHz (DL+UL)
	· 4GHz: up to
200MHz (DL+UL)
· 30GHz: up to
1GHz (DL+UL)

	Layout
	Single layer 

· Indoor floor
	Two layers

· Around 4GHz in macro layer only

· Both around 4GHz & 30GHz may be available in macro & micro layers
	Single layer

· Hex. Grid
	Single layer

· Hex. Grid

	ISD
	20m
	· Macro layer: 200m

· 3 micro TRPs per macro TRP
	ISD 1: 1732m
ISD 2: 5000m
	500m

	TRP Antenna Elements
	Tx/Rx: up to 256
	Tx/Rx: up to 256
	· 700MHz
Tx/Rx: up to 64

· 4GHz
Tx/Rx: up to 256
	Tx/Rx: up to 256

	UE Antenna Elements
	· 4GHz
 Tx/Rx: up to 8

· 30/70GHz 
Tx/Rx: up to 32
	· 4GHz
 Tx/Rx: up to 8

· 30GHz 
Tx/Rx: up to 32
	· 700MHz
Tx/Rx: up to 4

· 4GHz
Tx/Rx: up to 8
	· 4GHz
 Tx/Rx: up to 8

· 30GHz 
Tx/Rx: up to 32


2.2 Link budget analysis
According to TR36.873 [4], assuming hBS = 25 m, hUT = 1.5 m, the street width is W = 20 m and the average building height is h = 20 m, the path loss model of 3D-UMa NLOS is given by

PL3D-UMa-NLOS  = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS)
 + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (17.625)) 2 - 4.97)
 – 0.6(hUT - 1.5)
= 13.54 + 39.09 log10 (d3D) + 20 log10(fc)
and the standard deviation of the shadow fading is 
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In the real world, the penetration loss from outdoor to indoor is highly dependent on carrier frequency, materials of walls as well as number of walls. As shown in [5], the gap on the penetration loss of one wall between 1.9GHz and 3.5GHz is 3~5dB. Considering more severe propagation conditions in realistic environment, such as 2 walls from outdoor to indoor, 6~10dB penetration loss gap exists at 3.5GHz.
The comparison on the link budget between LTE Rel. 13 and NR is shown in Table 3, where 6dB more penetration loss is assumed in the latter due to higher carrier frequency. It is observed that additional gain (about 17~28dB) is needed for the NR in both urban macro and dense urban deployments to achieve similar coverage as LTE Rel. 13.
Observation 1: Additional gain is needed for NR to achieve similar coverage as LTE.
Table 3
Link budget comparison between LTE and NR
	
	LTE Rel. 13 3D-UMa [TR25.814]
	NR Urban Macro [TR38.913]
	NR Dense Urban w/ Macro Layer Only [TR38.913]

	Total TxPower (dBm) 
	49.0
	49.0
	44.0

	Carrier Frequency (GHz)
	2
	4
	4

	System Bandwidth (MHz)
	20
	200
	200

	Distance (m)
	500
	500
	200

	Propagation Loss (dB)
	125.06

	131.08
	115.53

	TxAnt. Gain (dBi)  (Including Connector Loss)
	14
	8
	8

	RxAnt. Gain (dBi)
	0
	0
	0

	Penetration Loss (dB)
	20
	20+6
	20+6

	Shadow Fading (dB)
	7.69
	7.69
	7.69

	RxPower (dBm) 

= Total TxPower + TxAnt. Gain – Propagation Loss – Penetration Loss – Shadow Fading + RxAnt. Gain
	-89.75
	-105.77
	-90.22

	Noise PSD (dBm/Hz)
	-174
	-174
	-174

	Noise Figure
	9
	9
	9

	Noise Power (dB)
	-91.99
	-81.99
	-81.99

	Effective SINR (dB) 

= RxPower – Noise Power
	2.24
	-25.78
	-15.23

	Gap of Effective SINR with LTE Rel-13 (dB)
	0
	28.02
	17.47


3 Potential solutions

Coverage is an important aspect for NR, especially for cell specific signals/channels such as PBCH, SIB, CRS, PSS, SSS and PDCCH. In scenarios when high frequency (HF) deployment is supported by a low frequency (LF) connection, PBCH, SIB, CRS and PDCCH may be transmitted by the LF TRP. Irrespective of whether HF connectivity is complemented by LF connection or not, it will be required that each HF TRP transmits their own synchronization signal in a similar way to LTE. The synchronization signal (i.e. PSS, SSS) will be required so that a HF UE can obtain sub-frame and radio frame synchronization with respect to each HF TRP. In the following sections, we consider and discuss some potential techniques to address the coverage issue of these coverage limited signals in the NR.
3.1  Repetition based access

In LTE Rel. 13 WI on eMTC, repetition based schemes were specified for LTE channels and signals such as PBCH, PDCCH, etc. However, eMTC is typically targeted for deployment scenarios with very low mobility and lower frequency band. In the NR operating with higher mobility at higher frequency band, performance of repetition based schemes will suffer from more severe phase noise as well as channel fluctuation. In this scenario, joint channel estimation even with repetitions cannot substantially improve channel estimation quality. Furthermore, the aggressive target of coverage extension (e.g. by more than 20dB) requires unacceptable number of attempts which would result in extremely high and unacceptable latency. As a result, for PDCCH, TTI-level dynamic scheduling cannot be enabled due to such high latency caused by the repetitions. Huge performance degradation is foreseen when dynamic scheduling cannot be used in NR. Finally, for some signals such as PSS/SSS which are energy-detection-based, repetition based scheme is also not applicable.

3.2 SFN
In LTE Rel. 11 CoMP, the control plane channels/signals with a single physical cell ID can be simultaneously transmitted from multiple TRPs. These channels/signals include CRS/PDCCH/PBCH/PSS/SSS etc. This scheme is called SFN, which is a well-known technology to improve coverage especially for broadcasting signals/channels. Dense deployment of base stations and interference target among cells/TRPs are usually assumed for this scheme.  Considering that dense urban is an important deployment scenario in the NR, SFN might be a complementary solution for coverage extension in the interference limited scenarios. 

Proposal 1: Investigate SFN as a complementary solution for coverage improvement in NR.

3.3 Power boosting
Power boosting is another alternative for the coverage extension of synchronization and broadcast signals with narrow bandwidth. In this approach, omni-directional transmission could be used to send these signals with increased power shared from the PDSCH. The exact limit of power boosting value depends on the ratio between system bandwidth and the bandwidth of narrowband signals as well as RAN4 investigation taking into account potential hardware implementations.
This power boosting solution has some advantages, such as a constant power at the receiver due to omni- directional transmission, and the minimal expected specification efforts required.

Proposal 2: Investigate power boosting solution to improve the coverage of NR.
3.4 Beam based access
Beamforming technology has been widely used for dedicated (UE specific) channels/signals including PDSCH beamforming and CSI-RS beamforming so far in the current LTE releases. Coverage extension obtained through the use of beamforming is directly correlated to its array gain. For the transmission of  cell specific channels/signals, e.g. PBCH, SIB, CRS, PSS, SSS and PDCCH, beamforming is another potential method to overcome the high propagation loss in NR. 
We consider a sector covered by N beams (e.g. N=16 DFT vectors). Each UE only selects the strongest M (e.g. M=1, 2 or 3) beams to combine. In this case, compared with repetition based scheme, performance of beam based method will be much less sensitive to phase noise, high mobility and so on.  An intuitive illustration is shown in Figure 1 below. 
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Figure 1    Beam based access
In Figure 2, we compare the performance of beam based access with repetition based access. For repetition based access, PBCH is transmitted with 16 repetitions, resulting in about 8 dB gain compared to legacy PBCH transmission. For beam based access, beamformed PBCH with different precoding is transmitted in turn and the best beam is selected for PBCH’s detection. More than 11 dB gain can be obtained compared to legacy PBCH transmission. The detailed simulation assumptions and parameters are given in the appendix. From the simulation results, it can be seen that beam based access outperforms repetition based access by more than 3 dB. Hence, beam based transmission is more effective and promising compared to repetition based scheme to achieve the coverage requirement in the SNR.
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Figure 2    Beam based versus repetition based transmission scheme

Observation 2: Beam based scheme outperforms repetition based scheme in terms of coverage performance.
Proposal 3: Investigate beam based access to improve the coverage of NR.
Furthermore, beam based transmissions affect the system design framework beyond the radio access procedure, such as impacts on some dedicated signals and channels. For example, the DMRS and CSI-RS can be re-purposed as synchronization signals for UE. In addition, the serving beam of channel/signal should change as UE moves. Hence, fast beam based mobility and reliability need to be evaluated as well.
Enhancements on the coverage limited signals, may take into account the effects of HF phase noise and carrier frequency offset, the overhead/complexity required and the reliability needed. Furthermore the exact details of the signal design will depend upon the chosen numerology, and multiple access schemes and therefore should be not be discussed before such items have been agreed.
Proposal 4: The following principles need to be considered for the enhancements on coverage limited signals (such as synchronization and broadcast signals):
· The signal design should take into account the performance, overhead , complexity and reliability.

· Impacts from phase noise should be considered in system design for HF bands.

· The signal design should consider the adopted numerology and multiple access schemes.

4 Conclusion

In this contribution, we first analyze the coverage issue of NR, using a link budget analysis approach. Then for some potential solutions, we discuss the pros and cons. Based on the discussion, we have the following observations and proposals.
Observation 1: Additional gain is needed for NR to achieve similar coverage as LTE. 
Observation 2: Beam based scheme outperforms repetition based scheme in terms of coverage performance.
Proposal 1: Investigate SFN as a complementary solution for coverage improvement in NR.
Proposal 2: Investigate power boosting solution to improve the coverage of NR.

Proposal 3: Investigate beam based access to improve the coverage of NR.

Proposal 4: The following principles need to be considered for the enhancements on coverage limited signals (such as synchronization and broadcast signals):
· The signal design should take into account the performance, overhead , complexity and reliability.

· Impacts from phase noise should be considered in system design for HF bands.

· The signal design should consider the adopted numerology and multiple access schemes.
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Appendix: 
Simulation Assumptions
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	Rayleigh model

	Velocity
	3km/h

	Transmit Antenna Configuration
	Beam based scheme: 16Tx uniformly spaced linear array (ULA) with 0.5λ antenna spacing 

Other schemes: 1Tx

	Receive Antenna Configuration
	1Rx

	Antenna Port Number
	1

	CP
	Normal

	Signal Bandwidth
	180kHz*6

	Channel Estimation
	Non-Ideal

	Receiver 
	MMSE receiver
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