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Introduction
In the RAN Meeting #65, Study on Small Data Transmission Enhancements for UMTS was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be studied is the coverage of small data transmissions. According to the SID:
The study should consider the following aspects:
· identify the targeted standard related small data applications, delay tolerant applications, and applications relevant to massive deployment of devices 
· identify the key traffic characteristics of these applications
· identify any relevant requirements (e.g. related to latency, power and coverage*) for these applications
· identify any potential problems or system bottlenecks relevant to these applications and requirements 
From the identified requirements, the study should then consider potential technical solutions, for example:
· Device power saving enhancements (for example extended DTX/DRX cycles**) (RAN1, RAN2)
· Signalling optimizations to support massive number of devices and/or optimize small packet transmission (for example control signalling overhead reduction) (RAN2, RAN1)
· Optimization of delay tolerant transmissions (RAN2)
· Investigate mechanisms to enhance coverage for low data transmissions, including above-mentioned optimizations (and for example time domain repetition of physical channels or signals) (RAN1, RAN2)
Minimizing the impact on the physical layer, and on legacy terminals and networks, are important aspects for any considered technical solutions. Enhancements possible with existing UE hardware are prioritized.
* The priority of the coverage extension is to balance the link budget of different channels and signals.
** The study on DTX/DRX cycles should consider the findings in 3GPP TR 23.887. If necessary, RAN WGs should liaise with SA WGs.

In this contribution we provide some coverage-related considerations for the study to be performed.

General assumptions
Some proposed general assumptions relevant to the study of small data transmission enhancements can be found in [2].
On a high level, the study item addresses the need for efficient exchange of small data packets between UE and network with good coverage. 

Coverage evaluations
When studying coverage it is important to understand where the bottlenecks lie, since the coverage will be determined by the worst channel. Some typical sequences when establishing a connection and exchanging data on that connection are shown in Figure 1.
[image: ]
[bookmark: _Ref398218312]Figure 1	Typical sequences when establishing a connection and exchanging data.
Clearly there is no benefit in extending e.g. coverage of BCH to support SIB acquisition in bad coverage if the PRACH preambles cannot be detected anyway. Further, the SID states that primary focus of the coverage enhancements work is to balance the link budget of different channels and signals.
Hence, a key aspect of the study is to identify the relative coverage of the different channels involved in such typical sequences. This can be done by comparing the coverage in terms of maximum coupling loss (MCL) for a reference scenario.
Proposal 1: Investigate the relative coverage of all relevant channels, by calculating the maximum coupling loss for each channel in a reference scenario.
Doing MCL evaluations avoids translation of dB values into distances (meters), which is useful since then there is no need to agree on assumptions on path loss models, penetration loss, antenna gains etc, since these impacts all channels the same way. However, since we want to find the overall weakest link, this requires comparable link budgets between uplink and downlink. This in turn leads to a need to agree on a number of reference scenario assumptions.
A proposal on reference scenario assumptions can be found in Table 1 below, along with reasoning on some of the points.
	Parameter
	Assumption
	Reasoning

	UE capability
	Rel-12, supporting any legacy feature improving coverage
	Rely on best-possible baseline in terms of coverage. Note that a lot of the capabilities are irrelevant from coverage evaluation point of view, e.g. 64QAM is not likely to be used in bad coverage. 

	Number of UE antennas
	1 antenna
	Devices for small data transmissions can in many cases be expected to be low-cost devices, and additional receiver chains would increase device cost.

	Number of Node B antennas
	2 antennas (uncorrelated)
	Two antennas on Node B is the most common deployment.

	Maximum UE carrier transmit power
	24 dBm at antenna connector
	Typical value used in evaluations.

	Maximum Node B carrier transmit power
	43 dBm at antenna connector
	Typical value in deployments. Some variations exist of course, but results can easily be recalculated for other values if wanted later.

	UE receiver noise figure
	9 dB
	Standard value used in 3GPP evaluations

	Node B receiver noise figure
	5 dB
	Standard value used in 3GPP evaluations

	Downlink common channel power settings
	P-CPICH: -10 dB from max carrier power
P-SCH: -12 dB
S-SCH: -13.5 dB
P-CCPCH (BCH): -13 dB
For other channels reasonable power settings can be proposed. 
	Typical values used in deployments. Significantly higher values are unacceptable due to the high capacity cost.
The power settings for other channels depend on the detailed configuration, like transport block sizes, number of paging indicator groups etc. In simulations reasonable power settings need to be assumed. Also here the overall capacity cost needs to be taken into account.

	Downlink Ior/Ioc geometry
	-3 dB
	Assumes some sort of reasonable worst case, i.e. UE is on the cell border before cell selection/reselection triggers UE to switch cell.

	Downlink OCNS
	OCNS added to fill up DL carrier power
	When HS users are active in the cell, often the full DL carrier power will be used up. Normal simulation assumption.

	Uplink rise-over-thermal (RoT) operation point
	10 dB
	Typical value in deployments during high load. Some variations exist of course, but results can easily be recalculated for other values if wanted later. In particular, for a low load scenario significantly lower values can be considered.

	Channel model
	Ped A 1 Hz Doppler spread and AWGN static channel
	In the typical use case with smart meters the devices can typically be assumed to be stationary, and then only a low Doppler spread exists due to movement in the environment around the device. For other use cases with mobile devices then it is reasonable to assume that sooner or later the device will end up in good enough coverage and can make its transmission, so the stationary case seems to be more in need of coverage improvement. In LTE studies EPA 1 Hz was assumed [4]. Static AWGN channel is a useful reference, and also provides further possibilities of doing analytical analysis of e.g. false alarm vs detection probabilities.

	Carrier frequency
	2.0 GHz
	Core UMTS band. Coverage expressed as MCL not expected to vary much between bands.

	Frequency error
	1 kHz or 20 kHz in cell search simulations

0 otherwise
	Frequency error impacts cell search performance significantly. Two levels of error can be assumed depending on how long it has been since UE synchronized with the network last time. In LTE studies 1 kHz and 20 kHz were assumed [4] for PSS/SSS. evaluation.


[bookmark: _Ref398818460]Table 1	Reference scenario assumptions for coverage evaluations

Proposal 2: Agree on the proposed set of reference scenario assumptions in Table 1.

Later, with simulation results according to the reference scenario assumptions, uplink MCL link-budgets similar to that in Table 2 below can be produced.


	Total Tx power
	24.0
	dBm

	Thermal noise density @ 290K
	-174.0
	dBm/Hz

	Occupied channel bandwidth
	3840000.0
	Hz

	Thermal noise power
	-108.2
	dBm

	Noise figure
	5.0
	dB

	RoT
	10.0
	dB

	Effective noise power
	-93.2
	dBm

	Required channel C/I
	-28.0
	dB

	Receiver sensitivity
	-121.2
	dBm

	Maximum coupling loss
	145.2
	dB


[bookmark: _Ref398886743]Table 2	Uplink MCL link-budget example
In downlink, link-budget calculation is a bit more complicated if inter-cell interference is to be taken into account.
Let  and  be transmitted and received channel power respectively,  and  be transmitted and received carrier power respectively. Further, let  be the received inter-cell interference power,  the received noise power and the geometry . Finally, let  denote the received signal-to-noise ratio and  denote the coupling loss.
We then get (assuming linear units)

Solving for  results in


Using the above formula, the maximum coupling loss to meet the required received signal-to-noise ratio can be calculated:

Consequently, a downlink MCL link-budget can be computed as shown in Table 3 below.
	Total Tx power (Ior)
	43.0
	dBm

	Channel power ratio (Ec/Ior)
	-13.0
	dB

	Channel power (Ec)
	30.0
	dBm

	Thermal noise density @ 290K
	-174.0
	dBm/Hz

	Occupied channel bandwidth
	3840000.0
	Hz

	Thermal noise power
	-108.2
	dBm

	Noise figure
	9.0
	dB

	Receiver noise power (N0)
	-99.2
	dBm

	Geometry (Ior_hat/Ioc)
	-3.0
	dB

	Required channel Ec_hat/(Ioc+N0)
	-26.0
	dB

	Maximum coupling loss
	154.7
	dB


[bookmark: _Ref398886703]Table 3	Downlink MCL link-budget example

Proposal 3: Agree on the proposed link-budget calculation method in Tables 2-3.

Initial thoughts on solutions
Available methods to improve coverage are on conceptual level expected to be fairly RAT-independent. For LTE, a number of basic techniques have been identified [3]. These include e.g. power boosting, relaxed requirements on acquisition times, improved detection probability through lowered detection thresholds and increased false alarm rate, repetition and retransmission etc. Further studies are needed on these topics in a WCDMA context to identify suitable solution candidates for the identified bottlenecks. 
Proposal 4: Study coverage enhancement techniques for the bottleneck channels.
It is further understood that coverage can be improved by removing the need for a bottleneck channel. An example, indicated in Figure 1, would be to remove the possibility of paging certain UEs (or improve behaviour if paging fails). However, solutions like this could limit the relevant use cases for coverage enhancements. Other examples would be to remove the need of receiving control channels, e.g. HS-SCCH, E-DPCCH, HS-DPCCH etc under certain conditions.
Proposal 5: Identify if use of some channels can be avoided for coverage challenged small data devices.
It should be noted, that coverage of different channels is not only determined by the achievable transmission quality for a certain MACL. Coverage can also be related to signalling limitations and limitations in procedures. E.g., the cell selection/reselection parameters Qqualmin and Qrxlevmin could maybe limit the UE’s possibility to camp on a cell. This requires further study.
Currently the Qqualmin criterion does not allow the UE to select a cell with P-CPICH  < -24 dB, due to signalling restrictions. Similarly, the Qrxlevmin criterion does not allow the UE to select a cell with P-CPICH  < -119 dBm due to signalling restriction. These restrictions can be translated into maximum coupling loss restrictions, see Table 4 and Table 5.

	Total Tx power (Ior)
	43.0
	dBm

	P-CPICH power ratio (Ec/Ior)
	-10.0
	dB

	P-CPICH power (Ec)
	33.0
	dBm

	Thermal noise density @ 290K
	-174.0
	dBm/Hz

	Occupied channel bandwidth
	3840000.0
	Hz

	Thermal noise power
	-108.2
	dBm

	Noise figure
	9.0
	dB

	Receiver noise power (N0)
	-99.2
	dBm

	Geometry (Ior_hat/Ioc)
	-3.0
	dB

	P-CPICH Ec_hat/(Ioc+N0)
	-24.0
	dB

	Maximum coupling loss
	155.8
	dB
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	Total Tx power (Ior)
	43.0
	dBm

	P-CPICH power ratio (Ec/Ior)
	-10.0
	dB

	P-CPICH power (Ec)
	33.0
	dBm

	Required P-CPICH Ec_hat
	-119.0
	dB

	Maximum coupling loss
	152.0
	dB
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Proposal 6: Identify signalling and procedure limitations that may limit coverage.
Since only a fraction of the devices are expected to be in very bad coverage, it is important to not cause too much additional cost in resources to support these devices. Hence, if coverage extension techniques imply increased resource utilization, it is beneficial if the coverage enhancement techniques are configurable or scalable to some degree in order to avoid excessive resource usage. If possible, only the individual UEs that actually benefit from it should be applying the coverage enhancement techniques. To what extent the network and the UE should take part in the decision whether to apply these techniques or not remains to be studied.
Proposal 7: Study the resource cost associated with coverage enhancements techniques, and means of controlling the overall resource cost on the system.

[bookmark: _In-sequence_SDU_delivery]Conclusion
It has been agreed to study Small Data Transmission Enhancements for UMTS as part of 3GPP Release 13. One key area to be investigated in the study is the coverage aspects of small data transmissions. In this paper we have outlined on high level how such investigations can be performed.
In summary, we propose the following:
Proposal 1: Investigate the relative coverage of all relevant channels, by calculating the maximum coupling loss for each channel in a reference scenario.
Proposal 2: Agree on the proposed set of reference scenario assumptions in Table 1.
Proposal 3: Agree on the proposed link-budget calculation method in Tables 2-3.
Proposal 4: Study coverage enhancement techniques for the bottleneck channels.
Proposal 5: Identify if use of some channels can be avoided for coverage challenged small data devices.
Proposal 6: Identify signalling and procedure limitations that may limit coverage.
Proposal 7: Study the resource cost associated with coverage enhancements techniques, and means of controlling the overall resource cost on the system.
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