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1 Introduction

The extreme Long Range deployment scenario [section 6.1.6 in TR38.913] is defined to allow for the provision of services for very large areas with low density of users whether they are humans or machines. The key characteristics of this scenario are Macro cells with very large area coverage supporting basic data speeds and voice services, with low to moderate user throughput and low user density.
The scope of this document is to identify service requirements for long range data and voice services, discuss potential evaluation methodology and propose solutions which we believe would be valuable to be studied and specified in 3GPP in a future Work Item. 
We expect this document to provide a starting point for discussion, leading to a work item proposal for LTE 

2 Service requirements

Service requirements for Long Range services are taken from 3GPP TS 22.261, section 6.17.

In extreme Long Range deployment scenario for low density areas (e.g. partially desertified environments), it is realistic to provide the related services for a density up to 2 user/km2.
The aim should be to support a minimum user throughput of 1Mbps on DL and 100 kbps on UL at a range of up to 100 km. This would by implication mean that coverage is extended even further for lower user throughputs. 
Although achieving 100 km cell radius will often be challenging, it should be possible in some cases (e.g. flat desert). Therefore a design allowing these data rates at up to 100 km cell range should be the objective.
The system shall support a maximum of [400] ms E2E latency for voice services at the edge of voice coverage. 
The intention would be to provide these levels of service with terrestrial base stations. 
Device cost may be more flexible than for eMTC, with the enhancements potentially targeting smartphones. 

3 Channel model
In order to evaluate whether the existing LTE can reach these coverage levels, the first point would be to find the suitable channel model. Many different channel models such as TR38.802, IMT M.2135, ITU-R P.1546-5 can be referred. But there exist big differences among these channel models. The differences can be illustrated from Figure 1.
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(Figure 1—the comparison between M.2135 and TR 38.802)

In addition, in ITU-R P.1546-5, the classical channel models are also given for different antenna heights and coverage distances. Channel model in 38.802 is specified without antenna height but through comparison, we can simply think the channel model in 38.802 is similar to channel model in ITU-R P.1546-5 with antenna heights at several hundred meters above ground.

Obviously, for different channel models, different observations will be obtained. In order to evaluate the existing LTE performance carefully and the potential enhanced techniques for long coverage, the justified channel model is needed. 
Observation 1: Different channel models will give different path loss under the same coverage distance. Suitable channel model for long coverage up to 100km needs to be studied further.

4 Preliminary link budget
In order to evaluate the larger coverage performance, we can give preliminary link budgets for different path loss models.
4.1  Link budget based on TR 38.802
The corresponding TR38.802 path loss formula is cited as follows for convenience:

PL = 52.44 + 20*log10(d_km) + 20*log10(fc_MHz)    (refer to Table A.2.1-3 in 38.802)
 Where d_km is distance in km, fc_MHz is the carrier frequency in MHz.

For d_km=100km, we can have the following results:
	carrier frequency(fc_MHz)
	600
	700
	800
	900

	MCL (dB)
	　148
	148.44
	150.5
	151.5


TR38.802 path loss model does not take explicitly into account BS antenna height. Under those assumptions and based on the preliminary LTE link budget in appendix, the existing LTE system can fulfill the requirements of 100km coverage when TR38.802 path loss model is used. Those results are preliminary and should be further refined with corresponding throughput requirements.
4.2 Link budget based on ITU-RP.1546-5
The corresponding ITU-R P.1546-5 path loss formula is cited as follows for convenience:

PL = 139.3 - E + 20*log(fc_MHz)
Where, E is field strength (dB) for 1 KW, and fc_MHz is the carrier frequency in MHz.

According to figure 9 (fc=600MHz) in ITU-R P.1546-5, if d_km=100km, the pathloss corresponding to different antenna heights are given in the table below: (note: baseline is appendix 1---153.7dB (RACH)), 

	BS antenna height (m)
	E (dB)
	Pathloss (dB)
	Coverage enhancement (dB)

	1200
	42
	152.76
	-1

	600
	30
	164.76
	11

	300
	22
	172.76
	19

	150
	18
	176.76
	23


From another aspect, we can assume antenna height is 75m, for specified path loss, we can obtain the corresponding coverage distance.
	BS antenna height (m)
	E (dB)
	Pathloss (dB)
	The  coverage range(km)

	75m
	40.86
	153.7
	35

	75m
	34.56
	160
	50

	75m
	30
	164.76
	53

	75m
	24
	170
	70


Based on the above calculation, we can see that for antenna height 150m, the needed coverage enhancement is 23dB. For BS antenna height 75m, for specified path loss 160dB, the possible coverage distance is about 50km.
But anyway, Link Budget studies based on ITU-RP.1546-5 channel model should be further refined with proper Link Budget tables to assess the LTE cell range for Long Range data services (100km cell range target).

Observation 2: Further studies are needed to assess whether the existing LTE system can fulfill the requirements of 100km coverage based on ITU-RP.1546-5 channel model. Nevertheless independently from the validity of each path loss model, the reality of the field is that environments are generally hilly with large clutter variety. Coverage improvements in such propagation environments are better assessed in dB (MCL) rather than in km (cell ranges). 
To that purpose, it is proposed to set a 20 dB coverage extension target to the existing LTE baseline. This translates into 160.7 dB Maximum Coupling Loss target for Long Range Connectivity Data services.

Observation 3: The system shall support a maximum of [400] ms E2E latency for voice services at the edge of voice coverage. This objective is the most challenging of all. Although 400 ms is an ideally reasonable target to match an acceptable user experience (beyond 400 ms, the delay may be audible for the user), achieving such E2E latency for voice will probably be incompatible with extremely long coverage due to the large numbers of retransmissions required. 

To cope with that several solutions could be considered: 

· Keep the service requirements for Voice QoS (i.e. 400 ms E2E delay) but reduce the coverage requirement on voice compared to data services, with a revised requirement to be studied (e.g. « up to 10 dB » path loss improvement for long range voice service), in the same spirit as eVoLTE enhancements. This would lead to a lower voice coverage than data service coverage.

· Keep the coverage requirement for voice to remain similar to data services (e.g. 20 dB path loss improvement, MCL = 160.7 dB) but accept a substantial degradation of QoS service, leading to “push-to-talk” type of experience.  (e.g. “several seconds E2E delay”) – However this may not be acceptable.

· Propose a mix of the 2 solutions, with both a reduced coverage and degraded QoS requirements, with target values to be studied further (e.g. “up to 15 dB path loss improvement and 1s E2E delay”)
5 The potential enhancement techniques
From the link budget in appendix, we can see that the limiting channels are PRACH and PUSCH. In order to achieve larger coverage, potential coverage enhanced techniques needed to be adopted both in UL and DL. In R14 many enhanced techniques for eMTC and eVoLTE were studied and standardized. Among them UE Cat M2 with bandwidth increase from 1.4 MHz to 5MHz, 5dB coverage extension for VoLTE (mode A). For long coverage services, we can adopt the same techniques to stretch the LTE coverage.
Some additional enhancement should certainly be brought to fulfill 20dB coverage extension for data and 10 dB for Voice service both in UL and DL. Among potential solutions, Cat M-like devices with 2 Rx, High Power Class UE, TTI bundling “like”, extended CP, Lower MCS, are good candidate solutions. Deployment scenarios with external CPEs should also be studied. 

For Voice enhancement, we can adopt the related techniques in TR36.750, for example, we can tolerate a maximum of [400] ms E2E latency, corresponding to radio delay one-way of about 200ms. According to the preliminary simulation results in [6], relaxing the delay on the air interface with techniques of bundle hopping, and UL asynchronous HARQ available in eMTC CE mode A can improve VoLTE coverage. Application of Coverage Extension Mode B to VoLTE could also be assessed with quantification of Voice Quality and jitter probability impacts. 
Observation: Studied techniques in eMTC and eVoLTE can be reused and improved to extend the coverage of LTE for Long Range Connectivity services.
6 Conclusions
In this contribution regarding extreme long range coverage in low density areas, we described Long Range connectivity service requirements and performed an initial analysis on channel model, link budget and potential enhancement techniques. The following observations are obtained with associated proposals:
Observation 1: Different channel models will give different path loss under the same coverage distance. 

Suitable channel model for long coverage up to 100km needs to be studied further.

Observation 2: The existing LTE system cannot fulfill the requirements of 100km coverage based on ITU-RP.1546-5 channel model. Nevertheless independently from the validity of each path loss model, the reality of the field is that environments are generally hilly with large clutter variety. Coverage improvements in such propagation environments are better assessed in dB (MCL) rather than in km (cell ranges). 
To that purpose, it is proposed to set a 20 dB coverage extension target to the existing LTE baseline. This translates into 160.7 dB Maximum Coupling Loss target for Long Range Connectivity Data services.

Observation 3: The system shall support a maximum of [400] ms E2E latency for voice services at the edge of coverage. This objective is the most challenging of all. Although 400 ms is an ideally reasonable target to match an acceptable user experience (beyond 400 ms, the delay may be audible for the user), achieving such E2E latency for voice will probably be incompatible with extremely long coverage due to the large numbers of retransmissions required. 

To cope with that several solutions are envisaged: 

· Keep the service requirements for Voice QoS (i.e. 400 ms E2E delay) but reduce the coverage requirement on voice compared to data services, with a revised requirement to be studied (e.g. « up to 10 dB » path loss improvement for long range voice service), in the same spirit as eVoLTE enhancements. This would lead to a reduced voice coverage than data service coverage.

· Keep the coverage requirement for voice to remain similar to data services (e.g. 20 dB path loss improvement, MCL = 160.7 dB) but accept a substantial degradation of QoS service, leading to “talkie-walkie” type of experience.  (i.e. “10s E2E delay”) – However this may not be acceptable.

· Propose a mix of the 2 solutions, with both a reduced coverage and degraded QoS requirements, with target values to be studied further (e.g. “up to 15 dB path loss improvement and 1s E2E delay”)
Observation  4: Studied techniques in eMTC and eVoLTE can be reused and improved to extend the coverage of LTE for Long Range Connectivity services.
We would like to initiate discussion around these observations, with a view to developing understanding in RAN plenary of the requirements, leading to a new Work Item in due course. 
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Appendix 
Table 1: MCL calculation for normal LTE FDD (see Note 1)
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 

         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	(10)antenna gain(dBi)
	17
	17
	17
	17
	17
	17
	17

	(11)shadow fading margin
	5
	5
	5
	5
	5
	5
	5

	(12) effective MCL
	159.2
	153.7
	152.7
	157.4
	161.0
	161.3
	158.1

	NOTE 1:
eNB is assumed with 2 Tx and 2 Rx in FDD systems.



Note: the above table can refer to TR36.888. for different fading channel model, the required SINR can be different. The corresponding effective MCL will be changed.
