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1 Introduction
In the last ad-hoc meeting, there are comprehensive discussions on KPIs including, e.g., spectral efficiency, area traffic capacity, user experienced data rate, connection density, latency, and reliability, etc. The definitions and target values were discussed.
In this document, the further discussion on connection density is provided, and some text proposals are made.
2 Discussion of connection density
Currently, the definition of connection density is: Connection density refers to total number of devices fulfilling specific QoS per unit area (per km2). And the tentative target is set to [1,000,000] devices/km2.
Alternatively, one could define “connection efficiency” as 
Connection efficiency: the number of devices fulfilling specific QoS that could be supported per TRP 
per frequency resource unit (in devices/TRP/MHz).
It shows the efficiency of the air interface design to adapt its use of spectrum and number of sites when support massive number of devices. Further, this definition is quite similar to “VoIP capacity” used in IMT-Advanced evaluation (see [1]), which is defined as number of VoIP users supported per sector per frequency resource unit (number of users/sector/MHz). 
Using “connection efficiency”, connection density could be expressed as
connection density = “connection efficiency” (number of devices/TRP/MHz) × system bandwidth (MHz) × TRP density (number of TRPs/km2) 
It is noted that the above expression implies the connection density improvement could be contributed by increase of TRP density, bandwidth, as well as connection efficiency.
A similar relationship of “area traffic capacity” and “TRP spectrum efficiency” is observed (see [2]). For example, for single layer single band system, area traffic capacity could be expressed as
Area Traffic Capacity = TRP spectral efficiency (bps/Hz/TRP) × BW (Hz) × TRP density (number of TRP/km2)
In [2], it is noted that both the bandwidth available at a certain location, and the TRP density in a certain location are not under control of 3GPP but under control of the operators/regulators, 3GPP has no means to ensure that an area traffic capacity can be met other than by controlling the spectrum efficiency.
In [3], it is agreed that 3GPP can develop standards with means for high spectrum efficiency. To this end, spectrum efficiency gains in the order of [3x] IMT-Advanced are targeted.
Based on these observations, a similar principle could be made for the 3GPP study when achieving the target of connection density. Thus the following proposal applies. 
Proposal:

3GPP should develop standards with means of high connection efficiency, which is defined as the number of devices fulfilling specific QoS that could be supported per TRP per frequency resource unit (in devices/TRP/MHz), when targeting to the desired connection density.
3 Conclusion
This contribution discusses the connection density. Text proposals to TR38.913 are available in Annex.
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Annex 
Text proposal to TR38.913
-------------Start of text proposal-----------------
7.17
Connection density
Connection density refers to total number of devices fulfilling specific QoS per unit area (per km2). QoS definition should take into account the amount of data or access request generated within a time t_gen that can be sent or received within a given time, t_sendrx, with x% probability.
The target for connection density should be [1 000 000 device/km2].
3GPP should develop standards with means of high connection efficiency, which is defined as the number of devices fulfilling specific QoS that could be supported per TRP per frequency resource unit (in devices/TRP/MHz), when targeting to the desired connection density.
Editor’s notes: The details of QoS definition is FFS.
-------------End of text proposal-----------------
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