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1 Introduction
One of the features of the new work item on enhancements of NB-IoT [1] is new UE power class, where the objective is  

· Specify the following features for enhancement of NB-IoT to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost
· Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13
In RAN4#80 a way forward was approved which states that [2]
· A reduction in maximum coupling loss shall be applied for UEs that adopt the lower transmit power class. 
· Companies are invited to evaluate the appropriate maximum output power for the new power class with MCL relaxation as compared to 164dB MCL.
· For example: 164 - (23 - P) dB, whereas the reduction in MCL is (23-P), whereas P is the maximum transmission power of the new UE power class
· The group will evaluate for example P = 14dBm as a starting point
In this contribution we discuss the new UE power class in the light of the previous agreements.
2 Discussion

In the following we look at different aspects of lower power UEs in NB-IoT

2.1 Required MCL

The work item description states that in the specifying the the new UE power class, appropriate MCL relaxation should be considered. The specified MCL for Rel-13 NB-IoT was around 164dB which is around 20 dB extension as compared to normal coverage in LTE. This coverage extension considers meters in deep basement. So depending on what kind of application is in mind, the MCL can be impacted. We consider two alternatives in MCL relaxation:
One alternative is the wearable applications with no coverage extension, i.e. MCL up to 144dB.

Another alternative is MCL relaxation that is proportional to the relaxation in UL output power. This means that the MCL is relaxed by 

164-(23-P) dB,

where P is the maximum power of the new UE power class.
Proposal 1: RAN4 should target MCL= 164-(23-P) dB for the lower output power UE
2.2 Capacity demand from a lower UE power class 
In the following we present some system simulations for a system with path gain from GERAN Scenario 2, and traffic of 20 bytes downlink followed by 200 bytes response in uplink. In these simulation no connection setup, and random access was considered and only data was simulated. We consider in-band NB-IoT carrier in LTE carrier 10 MHz with a total power of 40W without power boosting. Furthermore no PUSCH format 2, i.e. no ACK transmitted over PUSCH was considered, and we assumed ideal channel estimation. Receiver noise figures in downlink and uplink are 9dB and 5dB respectively.
In the following example we consider a coverage relaxation only corresponding to the UE max power reduction as compared to 23dBm. This means that UEs that are above MCL=164-(23-P)dB are not allowed to access the system and not counted in the statistics. Figure 1 shows average UL resource utilization for different UE max output power values. As the figure shows by going down from 23dBm to 18dBm, the number of repetitions goes up by almost 30%, and if the UE maximum power is further lower at 14dBm the number of resources is increased by 50%. Also Figure 2 shows the packet delay for different UE power levels, and similarly by going to lower power of 18dBm and 14dBm the packet delay is increased by ~30% and ~40% roughly. If not relaxing the MCL it is clear that the increased resource usage is significant. Going from 23 to 14 dBm while maintaining the 164 dB MCL doubles the average number of repetitions and more than doubles the average transmission times.
However if the eNB knows the maximum power of the UE, by applying certain adjustment, the impact can be limited. Early indication of the UE power class removes unnecessarily many repetitions in the DL up until the eNB is informed that the target UE belongs to a different power class.
	[image: image1.emf]0 2 4 6 8 10 12

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

MTC requests per second per cell

Average number of repetitions

 

 

14dBm No cutoff

16dBm No cutoff

18dBm No cutoff

20dBm No cutoff

23dBm No cutoff

14dBm Cutoff 155

16dBm Cutoff 157

18dBm Cutoff 159

20dBm Cutoff 161

23dBm Cutoff 164


Figure 1 UL resource utilization in terms of repetitions 
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Figure 2 Average total transmission length


Observation 1: lowering maximum output power to 18dBm and 14dBm can result in an increase in resource usage by up to ~30% and ~40% respectively. However, by early indication of the UE power class to the eNB, the impact can be controlled.
2.3 Battery life 
Another aspect that needs to be considered in the UE maximum output power is the form factor and lifetime of battery.
If the UE is in normal coverage mode, i.e. it does not run at its maximum output power, a lower output power means less power consumption. However for a UE in extended coverage mode, lower power reults in longer transmission time, and therefore lower maximum power may result in higher power consumption. So depending on what coverage mode the UE is in, the battery life can be impacted positively or negatively.
Observation 2: Lowering maximum output power of the UE can impact the battery life positively or negatively. The impact should be evaluated.
2.4 Form factor
Lower UE output power and its implications on the size and cost of MTC devices was discussed in Rel-13 NB-IoT and Rel-13 eMTC. It was agreed that it is possible to integrate both baseband PAs with output power of up to 20dBm on the same chip as the rest of the baseband and analog part. Therefore, from that point of view there seems to be no difference between different output power values of up to 20dBm.

Form factor of batteries also should be considered in this evaluation. Small size batteries such as coin cells can only deliver up to a certain drain current. Therefore, depending on the type of application, the battery size and form must be considered in the decision.
2.5 Indication of the new UE power class

As mentioned earlier if the eNB knows the maximum power of the UE, the impact can be limited by applying certain limitations. In order to efficiently use the UL and DL resources it is required that proper signaling is defined to inform the network about the maximum power o the UE. It is therefore proposed that an LS should be sent to RAN1/RAN2 to consider indication of the UE power class to the eNB in order to handle UEs that belong to different power classes efficiently.
Proposal 2: It is proposed that an LS should be sent to RAN1/RAN2 to consider early indication of the UE power class to the eNB during the initial access procedure
3 Conclusions

In this contribution we studied the impacts of lower UE output power, and made the following observations and proposals:

Observation 1: lowering maximum output power to 18dBm and 14dBm can result in an increase in resource usage by up to ~30% and ~40% respectively. However, by early indication of the UE power class to the eNB, the impact can be controlled.
Observation 2: Lowering maximum output power of the UE can impact the battery life positively or negatively. The impact must be evaluated

Proposal 1: RAN4 should target MCL= 164-(23-P) dB for the lower output power UE

Proposal 2: It is proposed that an LS should be sent to RAN1/RAN2 to consider early indication of the UE power class to the eNB
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