3GPP TSG RAN WG1 Meeting NR#2                                               	R1-1711528
Qingdao, China, 27th – 30th June 2017

Source: 	Hughes Network Systems, Dish Networks
[bookmark: Title]Title:	Extended Range Considerations for mMTC
Agenda Item:	5.1.11
Document for:	Discussion

1 [bookmark: _Ref298777854]Scope
This document considers issues related to extending range for massive Machine-Type Communication (mMTC) networks consisting of a very large number of low duty factor terminals communicating with a small number of base stations.
2 Introduction
In [1] the spectral efficiency (SE) for desired mMTC network has been discussed. Specifically, a 0.3% of spectral SE was estimated for a 160 dB Maximum Coupling Loss (MCL) based on Shannon capacity bound.  In [2], a high-level link budget for single carrier RSMA shows that the SE for a 100 mW transmit power to support MCL of 140 dB through 160 dB are in the range of 4.5% through 0.046%.  Essentially, a 1 MHz bandwidth can only support 500 bps transmission with 160 dB MCL, whereas a more reasonable 50 kbps may be possible with 140 dB MCL.  This contribution attempts to discuss some of the tradeoffs in addition to SE to extend the MCL.
The contribution is intended as examples for discussions only.
3 Impact of Maximum Coupling Loss on Range
[bookmark: _GoBack]Due to multipath fading, the propagation loss exponent is typically 3.5 or greater in a non-line-of-sight (NLOS) environment.  We can safely assume a more favorable 3.5 loss exponent.  In such an environment, increasing MCL by 20 dB increases the range by a factor of 3.7, reducing the number of base stations needed to cover a large area by a factor of 14, or 3.72.  With lower SE, and lower transmission speed, to send the same amount of data from the same device would need 100 times transmit duration.  Alternatively, to keep the same transmit duration, the transmit power must be increased by 100 times.  Practically, a combination of increased power and transmit duration maybe used.  In either case, energy required to transmit the same amount of information is increased by a factor of 100, and significant reduction of battery life is expected.  Or, a corresponding reduction of transmitted information will be required.
In addition to reduction of the transmit speed of individual device, the overall network capacity is also reduced as smaller number of cells means less frequency reuse, which, in turn, requires more bandwidth or early cell splitting.  

4 mMTC Hardware Cost Model
Consider a massive MTC network with up to a million devices distributed in a coverage area, A, with a density of d devices per km2.  Let the cost per device be Ct, and the cost per base station be Cb, the total is therefore n Ct+N Cb, where n is the total number of devices and N is the total number of base stations in hexagons.  Let r be the distance between cell center and vertex of each cell, and the coverage area of each cell is 2.6 r2.  Therefore, N = A/(2.6 r2), or 0.385 A r-2, and n = A d.  So, the total cost is A (d Ct+0.385 r-2 Cb).  
It can almost be argued that the device cost is essentially fixed.  Under this assumption, since larger r reduces the number of base stations, higher MCL may lead to cost reduction.  On the other hand, if we assume that the incremental cost for the device to increase the range is  per user device, and assuming there is no increase in base station cost with 20 dB increase in MCL, there is a cost advantage when  is less than CbN/n since the number of base stations is reduced by a factor of 14 .  If part of the 20 dB extra MCL comes from the use of bigger power amplifier, increase in device cost, , could be non-negligible.
5 Battery Life Consideration
10 year device battery life is a requirement.  Assuming an AA battery of 3800 mA, and the device draws from the battery about 29 W on average on standby, and the AA battery would last 10 years.  Assuming the Tx power of 23 dBm (200 mW) and a 30% efficient power amplifier would require a draw of 670 mW when transmitting.  So, the off-to-on ratio is 23100.  Every hour (3600 sec), the device can transmit 155 ms.  At 100 kbps information rate, the throughput is about 15.5 kbits per hour.  This includes all the synchronization overhead.  To increase the MCL by 20 dB, we assume it is accomplished by slowing down the transmission by a factor of 100.  This will reduce the information transmit speed to 1 kbps information rate.  Essentially, only 15 bits per hour can be sent.  A meaningful message transmission typically requires a minimum of 60-100 byte.  As such, the frequency of transmission must significantly be curtailed to only a few times per day.
Synchronization aspect also must be taken into account.  Most of the proposed MTC technology requires a round of handshaking between the device and base station to establish frequency and timing synchronization, even though it is “grant free”.  This synchronization procedure requires an additional transmission by the device before information transfer which would further reduce the actual information throughput significantly.
6 Conclusion
Extending MCL by 20 dB may appear advantageous from area coverage for initial deployment, but it has many disadvantages:
· Significant reduction of the transmit speed for individual devices
· Significant reduction of network capacity for a given bandwidth
· Severe reduction of battery life, or severely reduce the amount of information transferable from the device
As the overall system cost may be dominated by the cost of devices, infrastructure cost saving achieved by reducing the number of base stations due to extended range may not be significant.  20 dB extension appears to be overly aggressive, and some moderation is highly recommended, if not at all.
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