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1 Introduction

In RAN #76 meeting, even further enhanced MTC for LTE was agreed [1]. In which, the following objective is included:
· 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 addition, in RAN4#82bis and #84 meetings, the topic was discussed and LS [2] with the following information were sent to RAN2:

	RAN4 has studied the maximum power of the new UE power class for Rel-15 efeMTC and proposes new lower power class BL UE with Pmax = 14dBm. it is desired that proper signaling is defined to inform the network about the maximum output power of the new UE power class. 

In addition, RAN4 would like RAN2 to consider below system operations:

1. The cell selection threshold should be possible to compensate for a lower power class UE

2. It should be possible to prevent the lower power class UE from using certain PRACH CE levels

3. The RSRP thresholds for PRACH CE level selection should be possible to compensate for a lower power class UE


In this paper, we discuss the related issues and potential solutions for supporting the 14dBm UE power class in eFeMTC.
2 Discussion
#issue 1: Basic considerations
The UE Power Classes for Category M1 and M2 UE define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration and UL-MIMO unless otherwise stated. There are two power classes supported for Category M1 and M2 UE: power class 3 with 23dBm and power class 5 with 20dBm, which is the same with NB-IoT.

The coverage enhancement is supported in eMTC and the introduction of new power class with lower maximum transmit power only influence the UE uplink performance when the UE Tx power is not enough, which is also the same with NB-IoT.

Observation 1: The situation is the same between eMTC and NB-IoT for introducing lower UE power class.

For NB-IoT, the following agreements are reached in R14 when introducing lower UE power class:

· UE with reduced power class shall correct the RSRP threshold (signalled in the NPRACH configuration) with min{0, (P-min(23, PEMAX,c))} (P = power of the reduced power class UE).

· The UE capability for the REL-14 reduced power class is signalled per UE.

· eNB can obtain the lower power class Capability before Msg4.

· Introduce a reduced power class offset (dB) in SIB1-NB, SIB3-NB and SIB5-NB for the Pcompensation of reduced power class UEs.
Taken into account the same situation between eMTC and NB-IoT for introducing lower UE power class, the agreements about lower power class UE for NB-IoT can also be applied to R15 eMTC.

Proposal 1: The agreements about lower power class UE for NB-IoT can also be applied to R15 eMTC.
#issue 2: Restriction on accessing certain CE level(s) 
In RAN4 LS, a requirement was mentioned that it should be possible to prevent the lower power class UE from using certain PRACH CE levels. We understand the main motivation for this requirement is still to avoid bad impact on UE and system capacity caused by too large repetition and transmission time in the case of uplink coverage loss. From RAN2 perspective, we think the motivation already can be met with the above proposal 1. 
With the RSRP threshold correction and the Poffset in Pcompensation configuration for the lower power class UE, the CEL RSRP threshold and the cell selection RSRP threshold can be adapted to the lower power class UE to guarantee its UL performance. Within the coverage range determined by the “new” cell selection RSRP threshold, the lower power class UE should do as the legacy eMTC UE and access the network according to the CE levels determined by the “new” CEL RSRP threshold, even in the worst CE level. It should be noticed that the radio condition in worst CE level for lower power class UE would be usually better than the worst CE level for legacy eMTC UEs with the setting of Poffset. We think no matter what are the use cases for lower power class UE, when the UE really encounters bad radio condition, the network should guarantee that the UE can access the network with enough repetitions if the UE still camps on this cell. 
In [3], it proposes to additionally introduce in system information which CE levels would not be allowed to use for lower power class UE. As we have explained above, we don’t think it’s necessary and it may cause other issues. If a certain CE level is configured by the network and the UE can camp on the cell based on the S criteria including the Poffset and determine it’s in this certain CE level based on the corrected RSRP threshold, the restriction for accessing this CE level would cause that the UE can camp on a cell but cannot setup service, which will lead bad user experience and more UE power consumption. Furthermore, even the UE accesses a cell with the allowed CE level, it’s still possible for the UE at the access attempt failure to change to the next CE level which may be the forbidden one in the system information. So if there has explicit restriction on accessing certain CE level(s), whether such restriction would be applied in random access should also be clarified.
We think the most important thing is to keep the consistency among S criteria for cell selection, CE levels configuration and RSRP threshold for CE levels. That means, if a cell can be camped with a certain CE level, it should be allowed to access with this CE level. On the other hand, if certain larger CEL (or certain bad coverage) is not allowed to access for the lower power class UE, it should be performed at the beginning of cell selection procedure, maybe with a larger Poffset , which can prevent the UE camping on the cell with the larger CEL. In [4], the similar thinking has been mentioned as eNB implementation option. However, we also worry about that aggressive setting of Poffset would make it more difficult for the lower power class UE to find suitable cell to camp on.
In a summary, from RAN2 perspective, we think no more restriction is needed.

Proposal 2: If the proposal 1 can be agreed, there has no need to introduce additional restriction on accessing certain CE level(s). 
#issue 3: Controllable accessing to legacy network 
Based on the following agreement included in proposal 1, the coverage enhanced level (CEL) reported by the lower power class UE may be higher than that reported by legacy UE with the same RSRP level:

· UE with reduced power class shall correct the RSRP threshold (signalled in the NPRACH configuration) with min{0, (P-min(23, PEMAX,c))} (P = power of the reduced power class UE).

Higher CEL means more repetitions needed. Considering that the downlink condition of the reduced power class UE may be the same as that of the legacy UE, there will be too much downlink repetitions for the reduced power class UEs if the same downlink resource allocation mechanism based on CEL for legacy UEs are used for the reduced power class UEs. Therefore, some optimization on the downlink resource allocation mechanism needs to be used for the reduced power class UEs.
Based on the following agreement, eNB can differentiate the reduced power class UE before Msg4 and can schedule suitable downlink radio resource for the Msg4 and later messages:
· eNB can obtain the lower power class Capability before Msg4 .

The optimized network process for supporting reduced power class UE is shown in Figure 1.
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Figure 1 
However, for a network which doesn’t support the reduced power class UE (e.g R13 network), the eNB cannot differentiate the reduced power class UE, the downlink radio resource assignment for the reduced power class UE is only based on the reported CEL by the UE. If the UE reports bad CEL, the downlink radio resource assignment would be too large all the time. The downlink radio resource would be wasted. Only when the UE works in normal coverage, such issue will not exist.
Observation 2: The downlink radio resource would be wasted if the reduced power class UE accesses a network which doesn’t support optimized process for reduced power class UE and can only provide bad coverage for the UE.

A straightforward option to avoid such radio resource waste is to stop the reduced power class UE from accessing a legacy network with bad coverage.To do this, at least an indication to indicate whether the cell supports optimized process for the reduced power class UE should be needed. A network, e.g. R13 network, which doesn’t broadcast such indication, would be considered as a network which doesn’t support optimized process for the reduced power class UE.
But in the NB-IoT specification, the powerClass14dBm-Offset parameter as follows is broadcasted in system information and is used for cell selection/reselection. If the field is absent, the UE applies the (default) value of 0 dB. 
	powerClass14dBm-Offset
Parameter “Poffset” in TS 36.304, only applicable for UE supporting powerClassNB-14dBm. Value in dB. Value dB-6 corresponds to -6 dB, dB-3 corresponds to -3 dB and so on. If the field is absent, the UE applies the (default) value of 0 dB for “Poffset” in TS 36.304.


That means, even for Rel-14 NB-IoT network, the powerClass14dBm-Offset parameter could be absent. Then this parameter cannot be used to decide whether the network supports optimized process for the reduced power class UE. So, there have no measures to deal with the resource waste caused by reduced power class UE in legacy NB-IoT network. 

Observation 3: The powerClass14dBm-Offset in NB-IoT cannot be used to differentiate the legacy network and the network supporting optimized process for the reduced power class UE. So it cannot be used to restrict the reduced power class UE to access legacy network. The DL resource waste in legacy NB-IoT network would still exist.
This DL resource waste problem is not vital for NB-IoT for the following aspects:

1. A few lower power class UE exists in Rel-13 NB-IoT commercial NWs.

2. Only one PRB bandwidth is supported in NB-IoT to transfer small data, the DL resource waste problem is not big.

But for eMTC, the situation is not the same for the following reasons:

1. Rel-13 and Rel-14 eMTC NWs have been deployed widely and will be co-exist with lower power class UE for a long time.

2. Six PRBs bandwidth is supported in eMTC to transfer large data. Based on which, the DL resource waste problem would be more serious.

Observation 4: The influence of the DL resource waste problem caused by the lower power class UE in legacy network is more serious in eMTC than in NB-IoT.

With observation 4, it’s strongly suggested to introduce an indication into R15 eMTC SIB to indicate whether the cell supports optimized process for the reduced power class UE.

The current powerClass14dBm-Offset in NB-IoT with suitable optimization can be considered as this indication, e.g. powerClass14dBm-Offset should be introduced as mandatory field into SIB of Rel-15 eMTC and one more value of 0dB would be introduced for this parameter to cover the parameter absence case in NB-IoT. Since this parameter would be mandatorily provided in R15 eMTC NW, if no such parameter is broadcasted in a network, the network will be looked as a legacy eMTC NW. The reduced power class UE can access such legacy network only when its coverage is good enough. Then the DL resource waste problem in legacy network can be avoided. Moreover, the improvement of powerClass14dBm-Offset parameter does not influence its previous function of flexibly adjusting the coverage range of the reduced power class UE.

Proposal 3: The powerClass14dBm-Offset should be introduced as mandatory field into R15 eMTC SIB. If no such parameter is broadcasted in a network, the network will be looked as a legacy eMTC NW and the low power class UE can access it only when the coverage is good enough.

The next issue would be how to determine whether or not the coverage of legacy network is good enough for a reduced power class UE. A RSRP threshold could be used for this purpose. Since different Qrxlevmin parameters are used for the cell selection criteria S for normal coverage and for enhanced coverage separately in eMTC, the Qrxlevmin for normal coverage can be used as this suggested RSRP threshold. That is, if the reduced power class UE can reach the Qrxlevmin for normal coverage in a legacy network, it will think the coverage of this network is good enough and can access it.

Proposal 3a: In eMTC, the Qrxlevmin for normal coverage can be used for the reduced power class UE to determine whether or not the coverage of a legacy network is good enough.
With proposal 3 and proposal 3a, the DL resource waste problem caused by reduced power class UE accessing a legacy network with bad coverage can be resolved.

Based on the above proposals, three related draftCRs are provide in [5][6][7].
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: The situation is the same between eMTC and NB-IoT for introducing lower UE power class.
Observation 2: The downlink radio resource would be wasted if the reduced power class UE accesses a network which doesn’t support optimized process for reduced power class UE and can only provide bad coverage for the UE.
Observation 3: The powerClass14dBm-Offset in NB-IoT cannot be used to differentiate the legacy network and the network supporting optimized process for the reduced power class UE. So it cannot be used to restrict the reduced power class UE to access legacy network. The DL resource waste in legacy NB-IoT network would still exist.
Observation 4: The influence of the DL resource waste problem caused by the lower power class UE in legacy network is more serious in eMTC than in NB-IoT.
Proposal 1: The agreements about lower power class UE for NB-IoT can also be applied to R15 eMTC.
Proposal 2: If the proposal 1 can be agreed, there has no need to introduce additional restriction on accessing certain CE level(s).
Proposal 3: The powerClass14dBm-Offset should be introduced as mandatory field into R15 eMTC SIB. If no such parameter is broadcasted in a network, the network will be looked as a legacy eMTC NW and the low power class UE can access it only when the coverage is good enough
Proposal 3a: In eMTC, the Qrxlevmin for normal coverage can be used for the reduced power class UE to determine whether or not the coverage of a legacy network is good enough.
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