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Introduction
In the work item description for “Even further enhancement MTC for LTE”, one of the objectives listed is:
· 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.
In this contribution, we have the initial view on possible discussion topics related to lower power class UE for eMTC, along the lines of earlier work conducted for Rel-14 lower UE power class for NB-IoT.
1. [bookmark: _Ref178064866]Discussion
Background
In Rel-13 23 dBm (Class 3) and 20 dBm (Class 5) power classes are defined for Cat M1 and M2 UEs (Table 6.2.2E-1 in 36.101). The 23 dBm power class is applicable for all supported bands[footnoteRef:1] of the UE, unless the UE indicates support of 20 dBm for a band (ue-PowerClass-5 field in UE-EUTRA-Capability IE). For some bands it may be costlier to support a low power class.  [1:  The operating bands for Cat M1 and M2 UEs are defined in section 5.5E in 36.101 (i.e. the bands currently defined are the E-UTRA bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 18, 19, 20, 21, 25, 26, 27, 28, 31 and 66 as defined in Table 5.5-1 in 36.101).] 

The original target for eMTC was to provide up to 18 dB MCL improvement for 20 dBm UEs, depending on the channel, compared to baseline Cat-1 UE [1]. The MCL is the total attenuation between the transmit and receive antenna ports, including things such as antenna gains, path loss, shadowing, etc. The MCL can be used as an indication of the potential coverage that can be achieved.
In general, the uplink and downlink may not be reciprocal in the sense that for UEs supporting lower UL transmit power the uplink will stop working earlier compared to downlink, although it is possible to configure networks in a way that UL/DL transmissions are balanced and stop working at the same time at cell edge. When different power class UEs operate in the same network or cell the effect is intensified, that is, the UL transmissions of reduced power class UEs will stop working earlier compared to higher power class UEs. Same effect can somewhat affect the downlink transmissions as well, as the acknowledgements in uplink would suffer from the lower maximum transmission power. This effect is already present between the already specified 23 dBm and 20 dBm UEs, but if an even lower power class UE is specified the effect will be quantitatively larger
The work item is RAN4 lead and RAN4 should first make the decision the maximum transmit power (i.e., if it is the same 14 dBm as specified for NB-IoT or something else) and if a new power class is appropriate. 
[bookmark: _Toc490172818][bookmark: _Toc490172830][bookmark: _Toc490176082][bookmark: _Toc490206873][bookmark: _Toc490207206][bookmark: _Toc490236844][bookmark: _Toc490264111]RAN4 needs to make the decision if a new power class is introduced and the corresponding maximum transmission power is.

However, based on the studies conducted for NB-IoT, we believe that similar power class (i.e. 14 dBm) is a good candidate to be specified for eMTC as well. Simulation results supporting this view are provided in [3].
It can be costly in terms of radio resources to support UEs with weaker UL transmit power as the reduced maximum power needs to be compensated for example by repetitions if similar MCL is to be attained. In Rel-14 for NB-IoT relaxation for MCL was approved (164 - (23 - P) dBm) where 164 dBm corresponds to the NB-IoT MCL design target. 
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Figure 1. Uplink and downlink of lower power may not be reciprocal.

Need for capability signalling
It is assumed that the reduced power class is an optional UE feature, as it is in NB-IoT, thus new UE capability signalling is needed. In Rel-13 the UE can indicate which bands support 20 dBm maximum transmit power instead of 23 dBm by ue-PowerClass-5 field in UE-EUTRA-Capability IE. Additionally, for NB-IoT UEs supporting 14 dBm maximum UL transmit power similar solution was adopted, where a field in UE-Capability-NB is used to indicate 14 dBm support per UE. We think there is no reason to deviate from this for the potential reduced power class UE for BL UEs.

[bookmark: _Toc490236849][bookmark: _Toc490237405][bookmark: _Toc490264115][bookmark: _Toc490265185]Introduce reduced power class UE capability signalling per UE.

It is beneficial for the network to know the UE power class as early as possible, to allocate resources in the most efficient way and taking into account the possible UL limitation of the UE. For the UP solution (i.e., User plane EPS CIoT optimization, or RRC suspend) the eNB knows the UE capability on context activation or fetching, that is, after Msg3 has been received. For the CP solution (i.e., Control plane EPS CIoT optimization, or DoNAS) the UE capability can be retrieved using Retrieve UE Information and UE Information Transfer functions using S1AP [4].

[bookmark: _Toc490236845][bookmark: _Toc490264112][bookmark: _Toc486330355][bookmark: _Toc486330930][bookmark: _Toc486331050][bookmark: _Toc486331344][bookmark: _Toc490172819][bookmark: _Toc490172831][bookmark: _Toc490176083][bookmark: _Toc490206874][bookmark: _Toc490207207]The network may retrieve the UE power class after Msg3 for both CP and UP solution. 

This means that the eNB cannot take into account the UE capability before Msg4 transmission. For random access procedure this means that Msg2 will be transmitted using Msg1 received power to estimate MCL. If eNB assumes UL and DL are reciprocal, this may result in using too many repetitions for Msg2. However, for NB-IoT it was concluded that no early capability signalling is specified as the gains were not significant. We don’t currently think there is reasons to deviate from this conclusion for eMTC either. 

[bookmark: _Toc490236846][bookmark: _Toc490264113]Early signalling of UE power class in Msg1 may not result in considerable gains.
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Figure 2. In order to select correct number of repetitions, the PRACH CE level thresholds may need modification for lower power UEs.
RSRP threshold corrections

Up to 3 threshold values for different CE levels for PRACH can be signalled in system information (RSRP-ThresholdsPrachInfoList, e.g. in SIB2) for both BL UEs and UEs in CE. For lower power class, the reduced power should be taken into account when determining the CE level of the UE. 

[bookmark: _Toc486330357][bookmark: _Toc486330932][bookmark: _Toc486331052][bookmark: _Toc486331346][bookmark: _Toc490172821][bookmark: _Toc490172833][bookmark: _Toc490176085][bookmark: _Toc490206876][bookmark: _Toc490207209][bookmark: _Toc490236847][bookmark: _Toc490264114]To select correct number of PRACH repetitions the threshold values should be modified. 

This can be done in similar way as it was done for NB-IoT, i.e., the thresholds are corrected as follows [1]:
	rsrp-ThresholdsPrachInfoList
The criterion for UEs to select a NPRACH resource. Up to 2 RSRP threshold values can be signalled. The first element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2. See TS 36.321 [6]. If absent, there is only one NPRACH resource.
A UE that supports powerClassNB-14dBm-r14 shall correct the RSRP threshold values before applying them as follows:
RSRP threshold = Signalled RSRP threshold - min{0, (14-min(23, p-Max)) where p-max:  is the value of p-Max field in SystemInformationBlockType1-NB.



[bookmark: _Toc486330361][bookmark: _Toc486330936][bookmark: _Toc486331056][bookmark: _Toc486331342][bookmark: _Toc490172824][bookmark: _Toc490172836][bookmark: _Toc490176088][bookmark: _Toc490206879][bookmark: _Toc490236850][bookmark: _Toc490237406][bookmark: _Toc490264116][bookmark: _Toc490265186]Introduce a correction in the calculation of RSRP thresholds for different CE levels.

Additionally, as the eMTC solution is likely to target devices such as wearables, which would not use the highest coverage levels, it may be desirable to consider some restrictions on the PRACH repetition levels the UE is allowed to use. 

[bookmark: _Toc490237407][bookmark: _Toc490264117][bookmark: _Toc490265187]A mechanism to restrict network access for certain CE levels should be considered. 

Cell suitability for reduced power class

From network point-of-view it would be beneficial to be able to control when the reduced power class UEs can access the cell. For NB-IoT reduced power class an offset to Pcompensation was agreed so that the network has some flexibility in controlling which UEs can camp on the cell and thus also the consumption of the network resources. Without such control, UEs with very bad coverage may camp on the cell leading to exponential increase in need for network resource use. 
In NB-IoT:
	If the UE supports the additionalPmax in the NS-PmaxList-NB, if present, in SIB1-NB, SIB3-NB and SIB5-NB:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
if PPowerClass is 14 dBm:
max(PEMAX1 –(PPowerClass – Poffset), 0) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB)



Similar approach can be used for eMTC as well. 
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Conclusion
In section 2 we made the following observations:
Observation 1	RAN4 needs to make the decision if a new power class is introduced and the corresponding maximum transmission power is.
Observation 2	The network may retrieve the UE power class after Msg3 for both CP and UP solution.
Observation 3	Early signalling of UE power class in Msg1 may not result in considerable gains.
Observation 4	To select correct number of PRACH repetitions the threshold values should be modified.

Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce reduced power class UE capability signalling per UE.
Proposal 2	Introduce a correction in the calculation of RSRP thresholds for different CE levels.
Proposal 3	A mechanism to restrict network access for certain CE levels should be considered.
Proposal 4	Introduce low power class offset for Pcompensation of low power class UEs.
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