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On MS Power Reduction for Multi-slot Transmission in GPRS/EGPRS
1 Introduction
At GERAN#62, a study item named “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]).
EC-GSM is based on EGPRS, with the enhancements in providing extended coverage by using blind repetitions. Unlike EGPRS, EC-GSM uses a “compact burst mapping” where the MS transmits on e.g. 4 consecutive timeslots during one TDMA frame.
This document discusses the implications of “compact burst mapping” on the MS output power.
2 MS output power in the specifications
It is specified in sub-clause 4.1.1 of [3] that the MS may reduce its maximum output power when transmitting on multiple uplink timeslots:

iii) 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:

Table 4.1-5 MS power reduction when transmitting on multiple uplink timeslots

	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 feature was first introduced in GP-032097 [4] where the “Reason for change” is quoted as follows,
“A GPRS and/or EDGE mobile station has a maximum number of transmit timeslots determined by its multi-slot class, and a maximum transmit power level determined by its power class. 

A mobile terminal implemented to the current specifications may not be able to consistently operate at its maximum permissible power output while the maximum number of timeslots have been assigned for uplink operation, due to possible overheating of the transmitter circuitry.  This factor may limit the ability for the mobile terminal to take full advantage of its power class and/or multislot class, thereby limiting maximum uplink data rates.”
And the “Consequences if not approved” is quoted as follows,

“If not approved, manufacturers will be unable to offer physically small mobile terminals capable higher data rates made possible by utilisation of the maximum number of uplink timeslots permitted by its multislot class, due to the practical limitations of transmitter overheating.”
3 MS output power in today’s GPRS/EGPRS products
One of the sourcing companies, HiSilicon Technologies Co., Ltd., implement the MS output power reduction in their GPRS products which apply the output power reduction as specified in [3] when transmitting on multiple uplink timeslots, due to the exact concerns raised in [4] and [5].
In addition, below is a list of documents which contain detail descriptions of the support for the MS output power reduction feature. All documents were found by searching over the Internet with a public search engine.
1. [6] where it is mentioned in the 2nd page, the “general features” section:
> Power consumption (at 12 V):

> Power down 0,5 mA 

> Sleep mode (registered DRX = 5) 29 mA 

> Speech mode (average) 184 mA > 

> GPRS class 12 [Power reduction = 6dB]

GPRS class 12 means 4 TX + 4 Rx = 5 Sum, hence a power reduction of 6 dB is fully aligned with the value given in 3GPP TS 45.005 for Tx=4.

2. [7] where it is mentioned in “Transmit power”, Table 1:
Class 4 (2W) for EGSM900

Class 1 (1W) for GSM1800 and GSM1900

The values stated above are maximum limits. Maximum output power in a multislot configuration may be lower. The nominal reduction of maximum output power varies with the number of uplink timeslots used.

3. [8] where it is mentioned in section 2 that the default behaviour of the module is apply the Multi-Slot Power Reduction profiles (the actual product name is replaced by “PRODUCT” in the quoted text):
By default, PRODUCT series modules reduce the maximum output power during a GPRS / EDGE data call when the module transmits in more than one time slot, implementing a Multi-Slot Power Reduction profile in accordance to 3GPP TS 45.005 [2]. 
The 2G technical specification (3GPP TS 45.005 [2]) defines four Multi-Slot Power Reduction profiles, described in Table 1. Each MSPR profile defines a different nominal reduction of maximum output power as a function of the number of Tx time slots (which are set by the network). 
By default PRODUCT series modules implement MSPR profile 2 for both GPRS / EDGE data calls

4. [9] where it is mentioned in section 2 for GPRS/EDGE that a 6 dB backoff is used:
Multislot class 12 (EDGE)

* 4 Tx slots (maximum); 4 Rx slots (maximum)

* Up to 5 active slots

* For MCS1-4 (GMSK), up to 6 dB backoff used for Tx slots 3 and 4

The investigation above seems to confirm the view in [4] that to prevent overheating of the transmitter circuitry (especially in physically small mobile terminals like typical M2M devices) a power reduction should be applied for GPRS/EGPRS MSs when transmitting on multiple timeslots. 
Further, some investigation of available GSM power amplifiers and front-end modules suggests that they depend on this power reduction to avoid the need for packaging with lower thermal resistance, and better device heat sinking, for GPRS/EGPRS multi-slot operation.
4 Conclusions
In this document, the implications of “compact burst mapping” on the MS output power in GPRS, EGPRS and EC-GSM are discussed. The sourcing companies have some reservations on the output power of EC-GSM where no power reduction has been assumed in the MS for multi-slot transmissions. It is believed that a thorough investigation for EC-GSM is necessary on the impact of +33 dBm MS output power to the design of power amplifiers and front-end modules in order to justify such an assumption in performance evaluations.
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