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1 Introduction
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) [1] was approved. One of the objectives of the WI is to introduce lower UE power class in efeMTC.

	· 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 two LSes [2][3] were sent to RAN2:

	LS R4-1703377 [2]
RAN4 has studied the maximum power of the new UE power class for Rel-15 BL UE and identified that 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 of the UE. 
This is further information provided to RAN2/RAN1 in addition to the previous LS [R4-1703377].

LS R4-1708835 [3]
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 RAN4 LS, following four issues should be considered and may need RAN2 to address:

1) Cell selection compensation

2) PRACH CE levels prevention

3) PRACH CE level selection compensation

4) Signalling support for new UE power class 

In this contribution, we will discuss and address (if needed) above issues from RAN2 perspective.
2 Discussion
2.1 Cell selection compensation
Currently, RAN4 has agreed the new lower power class BL UE with Pmax = 14dBm. Obviously, a low output power BL UE will have less UL coverage as compared to a legacy UE (e.g. with maximum output power of 23dBm or 20dBm). As analysed in [4], the new lower power class for BL UEs is primarily motivated by new use cases that may not have the same demanding coverage requirements as utility metering devices in basements. That is to say, BL UEs using the lower power class could have normal LTE coverage, achieved by using enhanced coverage with moderate repetitions. This is aligned with the requirement of cell selection compensation from RAN4.
Here, an Offset for Pcompensation as introduced in NB-IoT shown in Annex can be used for cell selection compensation for lower UE power class in efeMTC. Then we should introduce a reduced power class offset (dB) in SIB1-BR, SIB3 and SIB5 for the Pcompensation of lower power class UEs in Rel-15 MTC.

Proposal1: Introduce an Offset for Pcompensation in SIB1-BR, SIB3 and SIB5 for lower power class UEs in Rel-15 MTC.
2.2 PRACH CE levels prevention
In RAN4 LS, it is said it should be possible to prevent the lower power class UE from using certain PRACH CE levels. In our opinion, it is reasonable to prevent the lower power class UE from using a certain PRACH CE level and subsequent PRACH CE level(s) other than certain inconsecutive PRACH CE levels. For example, there are four PRACH CE levels, i.e. CEL0, CEL1, CEL2, CEL3. The eNB may prevent the UE from using (CEL2, CEL3), but prevention of levels other than the lowest ones e.g. (CEL1, CEL3) or (CEL1, CEL2) should not be needed.
Proposal2: RAN2 confirms that it is reasonable to prevent the lower power class UE from using one or more of the lowest configured CE levels.
In order to achieve the above prevention, the Offset discussed in above section 2.1 can be used. With a larger value of the Offset, the lower power class UEs will not be able to select the cell at lower RSRP levels. Then if the RSRP thresholds for determining the PRACH CE levels are fixed, the Offset included in S criteria will restrict the UE (not) to use certain PRACH CE levels. The following figure illustrates the scheme. In Rel-13, the enhanced coverage S criteria threshold is more likely smaller than the minimum RSRP threshold, i.e. Threshold3. Then there will be four CELs as shown. In order to prevent the UE from using certain CELs, the eNB can configure a larger S criteria threshold, i.e. configure a larger value of the Offset, to invalidate some RSRP thresholds and CELs. As shown below, the S criteria threshold is in-between Threshold1 and Threshold2, and then there will be only two CELs i.e. CEL0 and CEL1.
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Figure1 CELs prevention
Proposal3: Reuse the proposed Offset to invalidate some RSRP thresholds in order for prevention of certain PRACH CE levels.
Obviously, with above solution, it can be left to eNB implementation to configure thresholds accordingly in order to prevent the lower power class UEs from using certain PRACH CE levels.
Proposal4: It is left to eNB implementation to configure thresholds accordingly in order to prevent the lower power class UEs from using certain PRACH CE levels.
2.3 PRACH CE level selection compensation
During the current random access procedure, lower power UEs will fail to access the cell as lower power UEs use the RACH configuration configured for legacy UEs with maximum output power of 23dBm or 20dBm. For example, a lower power UE and a 23dBm UE camps on CE level 1 according to RSRP measurements. The eNB configures numRepetitionPerPreambleAttemp with n8. Generally, the 23dBm UE can access the eNB using the configured number of repetitions. However, it will be difficult for the lower power UE to access the eNB by using the configured number of repetitions as the UE has a lower output power.
Observation2: It will be difficult for the lower power UE to access the eNB by using the configuration which is intended for the legacy UEs with the maximum output power of 23dBm or 20dBm.
In the above case, if the first random access attempt fails, the lower power UE will start another attempt. Furthermore, the UE may ramp its CE level. Then it will consume more UE power. As proposed in [5] and approved by RAN4, coin cell batteries will be studied. Then it is much more problematic to consume more UE power particularly for coin cell batteries. 
Observation3: It is power inefficient to ramp CE level every time the lower power UE performs random access.
In order to reduce UE ramping of CE level, when determining the CE level, the lower power UE can compensate the RSRP threshold configured by the eNB. Referring to the design in NB-IoT as shown below, a similar solution can be introduced for lower power UE in Rel-15 MTC. With this correction of RSRP threshold values, the lower power UE tends to consider itself in larger enhanced coverage comparing with the legacy UE with the same RSRP measurement results.

	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.


Proposal5: When determining the CE level, the lower power class UE with Pmax = 14dBm shall correct the RSRP threshold values before applying them as follows:

RSRP threshold = Signaled RSRP threshold – min {0, (14 – min (23, p-Max))}.
2.4 Signalling of lower UE power class report
With lower UE power class introduction in Rel-15 MTC, it is necessary for a BL UE to report its lower power class, in order for the eNB to schedule it appropriately. Usually, a UE reports its power class as a capability, where the UE considers its maximum power. In this case, the eNB may schedule the UE with considering the maximum power.
Proposal6: Introduce UE capability to report lower UE power class for Rel-15 BL UE.

Proposal7: Capture the agreements in an LS[6] to RAN4 and RAN1.
3 Conclusion and Proposals
In this contribution, we discussed lower UE power class from RAN2 point of view, and we observe and propose that:
Proposal1: Introduce an Offset for Pcompensation in SIB1-BR, SIB3 and SIB5 for lower power class UEs in Rel-15 MTC.

Proposal2: RAN2 confirms that it is reasonable to prevent the lower power class UE from using one or more of the lowest configured CE levels.
Proposal3: Reuse the proposed Offset to invalidate some RSRP thresholds in order for prevention of certain PRACH CE levels.

Proposal4: It is left to eNB implementation to configure thresholds accordingly in order to prevent the lower power class UEs from using certain PRACH CE levels.
Observation2: it will be difficult for the lower power UE to access the eNB by using the configuration which is intended for the legacy UEs with the maximum output power of 23dBm or 20dBm.

Observation3: it is power inefficient to ramp CE level every time the lower power UE performs random access.

Proposal5: When determining the CE level, the lower power class UE with Pmax = 14dBm shall correct the RSRP threshold values before applying them as follows:

RSRP threshold = Signaled RSRP threshold – min {0, (14 – min (23, p-Max))}.

Proposal6: Introduce UE capability to report lower UE power class for Rel-15 BL UE.

Proposal7: Capture the agreements in an LS to RAN4 and RAN1.
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5 Annex
RAN2 agreements on lower power class in NB-IoT:
	Agreements in RAN2#96:

· R2 assumes that the reduced power class capability is signalled per UE and not per Band, confirmation needed by RAN4
· UE with reduced power class shall correct the RSRP threshold (signalled in the NPRACH configuration) with (P-23) (P = power of the reduced power class UE)
· RAN2 Assumes that the RSRP threshold correction is fixed (P-23).
· RAN2 assumes that it is not needed to indicate reduced power class in MSG1.
· The UE capability need to be available in the eNB before sending MSG4. FFS if to retrieve from the network or provide in MSG3
· No need to introduce additional offset for Pcompensation for the reduced power class
· FFS the UE behaviour when network does not support reduced power class signalling
· R2 didn’t see a need to introduce repetitions for Msg2/Msg3/Msg4 in the DCI for the PRACH procedure initiated by a PDCCH order
Agreements in RAN2#97:

· Introduce a reduced power class offset (dB) in SIB1-NB, SIB3-NB and SIB5-NB for the Pcompensation of reduced power class UEs.

· Name of the parameter should indicate the specific UE power class e,g, mention 14dBm

· ASN.1 Extension should be an extension of cell selection parameters IE

· Value range from -6 dB to 12 dB
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