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At GERAN#62, a study item named, Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, also called “Cellular IoT” (CIoT), was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. EC-GSM is one of the candidate solutions for CIoT (see sub-clause 6.2 of the CIoT TR [2]).
In a contribution to TSG GERAN #66 [3] some reservations were expressed that for EC-GSM, which is based on EGPRS, the use of allowed output power reduction at multislot transmissions may have an negative influence on the coverage of EC-GSM since up to 4 TSs are used to extend coverage by the use of blind repetitions. 
This document first provides a brief overview of the GERAN requirements at multislot transmissions, and then presents a discussion around the applicability of these requirements on EC-GSM, and finally results of measurements on heat dissipation in a GSM device are given.
[bookmark: _Ref421460494]Multislot requirements in GERAN specifications
The multislot capability was introduced for GPRS/EGPRS in R99 and Rel-4. The different multislot configurations are specified in TS 45.002 [4] with associated signaling requirements in TS 44.060 [5]. The MS capability of the different multislot classes was introduced in TS 24.008 [6] to make the system aware of this capability. During the work developing Rel-5 of the specifications, the possible need for power reduction was raised and a procedure for potential reduction was introduced after long discussions fully in Rel-5 of TS 45.005 [7]. Due to the fact that R99 and Rel-4 was frozen, no additional signaling could be introduced in these releases. Therefore, a special solution was chosen. For Rel-5 and onwards of the specifications, full signaling support of any applied power reduction is supported. The signaling support gives the network the possibility to act in an optimized way. 
In R99/Rel-4 [7], the decision to reduce output power at multislot transmission is taken by the MS without any signaling of Radio Access capability, stating
 “In order to manage mobile terminal heat dissipation resulting from transmission on multiple uplink timeslots, the mobile station shall reduce its maximum output power by the following values on a per-assignment basis: 
	Number of timeslots in uplink assignment
	Permissible nominal reduction of maximum output power, (dB)

	
	

	1
	0 

	2
	0 to 3,0

	3
	1,8 to 4,8 

	4
	3,0 to 6,0


”
In Rel-5 of TS 45.005 [7] and onwards a quite different approach is specified. The power capability profile is given by the MS Radio Access capability profile according to TS 24.008. Thus, the reduction needed by an MS for different multislot configurations is known by the network. 
From [7]:
 “In order to manage mobile terminal heat dissipation resulting from transmission on multiple uplink timeslots, the mobile station may reduce its maximum output power by up to  the following values:
	Number of timeslots in uplink assignment
	Permissible nominal reduction of maximum output power, (dB)

	
	

	1
	0 

	2
	3,0

	3
	4,8 

	4
	6,0

	5
	7,0

	6
	7,8

	7
	8,5

	8
	9,0



The actual supported maximum output power shall be in the range indicated by the parameters XXX_MULTISLOT_POWER_PROFILE (See 3GPP TS 24.008) for n allocated uplink timeslots:
a  MS maximum output power  min(MAX_PWR, a + b)
Where:
a = min (MAX_PWR, MAX_PWR + XXX_MULTISLOT_POWER_PROFILE – 10log(n));
MAX_PWR equals to the MS maximum output power according to the relevant power class;
XXX_MULTISLOT_POWER_PROFILE refers either to GMSK_MULTISLOT_POWER PROFILE or 8‑PSK_MULTISLOT_POWER_PROFILE depending on the modulation type concerned, and
XXX_MULTISLOT_POWER_PROFILE 0 = 0 dB;
XXX_MULTISLOT_POWER_PROFILE 1 = 2 dB;
XXX_MULTISLOT_POWER_PROFILE 2 = 4 dB;
XXX_MULTISLOT_POWER_PROFILE 3 = 6 dB.

For DCS 1800 and PCS 1900 frequency bands b = 3 dB, for all other bands b = 2 dB.”
This means that for profile 3 no reduction is used for 4 timeslots or less, for profile 2 no reduction is used for 3 timeslots or less etc. The profile for each supported modulation shall be indicated.
Although heat dissipation management is mentioned as a reason, it was clear during the long discussions in GERAN #13, #14 and #15 that heat is not the only main dominating factor for introduction of multislot power profile. For example, in the report from GERAN #13 several manufacturers stated that “Heat dissipation could be one reason why the MS may not be able to transmit at “full power” for a long period of time” and “the MS may be able to transmit at full power for a limited time but would need to reduce output power if the multislot uplink is allocated for a longer period of time”. It was also noted that “allocation of high power to multislot allocations would be tolerable for a limited period of time” and “long term average power should be considered as well”. 
Another important aspect to consider at multislot allocation during a long period is SAR, an issue raised at GERAN #14. It was due to SAR restrictions, the decision finally was taken at GERAN #16 to go for the present text in the specifications, i.e. long term heating that often occurs close to ear and body. The wording in the specification is selected to give the network a chance to react to any lack of capability of a MS to transmit at full power in multislot configuration. The goal is to optimize data throughput.
Applicability of multislot requirements on EC-GSM
The requirements presented in section 2 are adapted to cater for any type data transfer that can be envisioned to be supported by a GSM device. An example is an FTP transfer that may have an extended duration, depending on the UL radio environment and the file size. The requirement must also cater for any type of traffic pattern, e.g. multiple users multiplexed on the same TS but also the case of a single user occupying a TS leading to a high duty cycle. Also RLC acknowledged or unacknowledged mode needs to be catered for by the requirements. In acknowledge mode, a transfer is limited by the max RLC window size supported. For example, in GPRS no more than 64 RLC blocks can be transmitted before the device needs an acknowledgement from BSS before it can progress is RLC sliding window. For unacknowledged mode used, e.g., at a streaming session then no such restriction applies, leading to longer continuous transmission times.
In contrast to the above description, EC-GSM has been designed for the very specific use case envisioned for low complexity, low throughput internet of things. As a result of this, it is expected that the EC-GSM devices typically will handle very short data transfers. The RLC window size for EC-GSM is, e.g., set to 16. Considering that also fixed UL allocation is used, this means that a new assignment is needed by the network after 16 RLC blocks have been received by the network. At most, the device would transmit during 1.28 seconds (16 (blocks)*80 (ms TTI for worst case coverage situation) with one fixed allocation (all blocks allocated consecutively) with a duty cycle of 50% (4/8 TS used). EC-GSM is also design to operate using HARQ, i.e. in acknowledge mode, which inherently limits the duty cycle of a device. As a result of this, the sourcing companies do not believe the discussed requirements in section 2 for power backoff is applicable to EC-GSM.
The possibility for the MS to reduce its output power at UL multislot allocations, as addressed in [3], was introduced based on discussions that the MS may be able to transmit at full power for a limited time but would need to reduce output power if the multislot uplink is allocated for a longer period of time. For the traffic scenarios addressed in the study [1], the transfers will be relatively short and there will thus be no need for power reduction.
EC-GSM thermal measurements
Since EC-GSM is still in study item phase and a device with EC-GSM capability is not available yet, thermal measurement results on legacy GSM devices are used as a reference. It has to be pointed that the thermal measurement result depends heavily on the form factor of the devices under test.
Mobile device heating was measured in various tests on various form factors using Intel’s platforms, including GCF tests, RF KPI tests and field tests for type approval. The temperature of the tested devices never reached to a point which can cause malfunction of the devices. An hour long call test was performed for all mobile platforms in various channel conditions, i.e. with different TX power class levels. The measured temperature has been observed to stay within a normal range in all tests.  It has also been seen that the cooling down of the devices is much faster than the heating up when the call releases.  It was measured that the cooling down of devices can cause around 150Hz of frequency drift per second at GSM low band. This corresponds to a 0.5 degree Celsius according to the S-curve of the DCXO used by the device under test. This means after transmission of small data in EC-GSM, when a device goes to packet idle state, its temperature can drop quickly to room temperature.
Conclusions
In this contribution, the discussions in GERAN regarding the feature output power reduction at multislot transmission is summarized, and its applicability on EC-GSM is elaborated upon. 
It is clarified that it is not expected that EC-GSM will need to utilize the option to backoff power, due to the limited data transfers foreseen for applications categorized to belong to low complexity, low throughput internet of things. It is also clarified that part of the discussion earlier in GERAN leading to the introduction of the power back-off functionality, was related to SAR (of long term effect that often occurs close to ear and body), which is not applicable for machine type communication. Furthermore, some device measurements have been carried out where devices were active for an hour, without observing temperature exceeding the normal range. In this context, an EC-GSM transfer is expected to be finished within a few seconds. 
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