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Background
In RAN#75 in Dubrovnik a New WID on Even further enhanced MTC for LTE was approved [1].  Specifically Lower UE power class is one of the objectives:
	New requirements:
· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.
· Lower UE power class [RAN4 lead, RAN2]
· Evaluate and, if appropriate, specify new UE power class(es) and signaling support without physical layer changes, to support lower maximum transmit power with appropriate MCL relaxations.


One of the motivations for a lower power class is new use cases such as wearables with new device form factors with small batteries [2]. In RAN4 #82 bis in Spokane it was decided that coin cell batteries shall be studied and be considered during the specification of the new UE power class(es) for Even Further Enhanced MTC [3]. Battery recovery gaps was also discussed in [4] but no decision was made. In this document we will introduce this topic in RAN1 and discuss the battery recovery gaps further.
Battery Recovery Gaps
The concept of battery recovery gaps was introduced in [4], where e.g. pulse drain from a coin cell battery and its discharge curves was shown. It was highlighted that the voltage drops quickly with increased current drain. It was also seen that the battery needs some time to recover. An identified possible solution when using small batteries was to introduce some flexibility when it comes to long continuous transmission, to investigate the possibility to introduce battery recovery gaps.
In this document measurements with battery recovery gaps versus without are presented. Measurements have been performed on a CR2450 battery for 3.5 hours with 30 minutes between the messages. Output power was set to 14dBm and each message has a duration of 7.3 seconds (Tx + Rx). For Test 1 the complete message is transmitted in one long transmission whereas in Test 2 the message is divided into 8 sub-messages with 0.9 sec active time and 5 sec recovery time between the transmissions. After the full message is sent zero current is taken from the battery (i.e. no application etc. is running during the 30 minutes between messages).
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[bookmark: _Ref481674760]Figure 1. Plot of measurement result. One long transmission versus transmission divided into 8 parts.

It can be seen from Figure 1 that the voltage drop during transmission can be reduced by dividing the transmission into 8 parts. This is also depicted in Table 1. A too high voltage drop could reduce PA performance and there is a risk battery voltage decrease down to cut off threshold. Further studies are still needed to evaluate e.g. the impact on total battery lifetime, transmit power impact of voltage drops and to identify optimal battery recovery gap configuration. 
We note that introducing this type of battery recovery gaps may have RAN1 specification impact, and we therefore propose RAN1 to further study this topic
Observation 1: Introduction of battery recovery gaps will limit the voltage drop during transmission, however, further studies are needed.
Proposal 1: Investigate the possibility of RAN1 specification impact due to small battery usage.
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[bookmark: _Ref481675662]Table 1. Voltage drop at lowest point during transmission averaged over measurement series

Conclusion
The use of coin cells batteries for devices using “even further enhanced MTC” have been discussed. The problem with long continuous transmissions has been discussed. Battery recovery gaps has been studied and the below observation is made, however, further studies are needed.
Observation 1: Introduction of battery recovery gaps will limit the voltage drop during transmission, however, further studies are needed.
Proposal 1: Investigate the possibility of RAN1 specification impact due to small battery usage.
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