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1 Introduction
At RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1]. One major objective of this WID is to introduce a new (lower) power class.
	New Power Class(es)
· 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 (RAN4, RAN2).


At RAN2#95bis, the topic was not discussed but it was agreed to have an e-mail discussion on the required signalling for a reduced power class.

In this document, we give our views on the required signalling.
2 Discussion 
2.1 Impact of MCL relaxation

RAN4 has agreed on an MCL relaxation for the reduced power class as follows:

RAN4 shall assume MCL= 164-(23-P) dB for the lower output power UE

The UE power class defines the maximum UE output power in a cell, i.e. on a carrier in NB-IoT. In practice, a UE with a lower power class will see a smaller cell or benefit from lower coverage enhancements.

Cell selection/ reselection criteria 

The UE power class is already taken into account in the cell suitability criteria via the Pcompensation parameter 
	Srxlev > 0 AND Squal > 0


where: 
Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB);


Proposal 1: There is no need for additional signalling to control UE camping on the cell, which is already taken into account in the Pcompensation parameter.
PRACH resource selection and RSRP threshold correction
In Rel-13, the UE selects a PRACH resource based on its RSRP measurements and the RSRP-Thresholds broadcast in system information. This is based on the principle that the RSRP level represents an indication of the coverage level of the UE, and thus the eNB can configure the UL and DL resource accordingly.

In the same way as for the suitability criteria, the RSRP Thresholds should be corrected for the lower class UE to take into account the UE power limitation. 
Proposal 2: The RSRP-thresholds are corrected by the lower class UE as follows:  RSRP-threshold = RSRP-Thresholds – (23 –P).
2.2 Impact of UL/ DL imbalance

The eNB estimates the coverage level of the UE based on the selected PRACH resource for UL and DL and uses this coverage level to define the number of repetitions in DL (PDCCH). 
If the new power class UE uses the same PRACH parameters of the legacy power class UE with corrected RSRP-thresholds, then the repetition numbers of PDCCH and PDSCH are larger than necessary, which is a waste of resources. Thus the eNB needs the knowledge of the UE power class to adjust the number of repetitions in the downlink
Observation 1: The eNB needs the knowledge of the UE power class to adjust the number of repetitions in DL.
As for any other feature, we expect the information to be reported as a UE capability. Thus the eNB has the information after reception of MSG5.

Observation 2: The eNB has the information of the low power class UE with the UE capability after MSG5.
For a UE that supports the user plane optimisation and uses the resume procedure to access the cell, the eNB can get the UE capability after MSG3 by fetching the UE context.
Observation 3: For a UE using the CIoT user plane optimisation, the eNB can get the information of the low power class UE after MSG3 by fetching the UE context.
For a UE that uses the control plane optimisation, SA2 has recommended solution 15 “Inter UE QoS for NB-IoT Control Plane Optimisation by retrieving the UE context from the MME” as the basis of normative work in Release 14 for Key Issue 6 - Inter UE QoS for NB-IoT Control Plane Optimisation in TR 23.730 [2]. As highlighted in the overall solution evaluation, Solution 15 can also enable UE capability information to be retrieved from the MME along with the QoS information.

Observation 4: For a UE using the CIoT control plane optimisation, the eNB can get the information after MSG3 from the MME with solution 15.
We think that observation 3 and 4 cover the very large majority of the cases, and there is no need for a low power class indication in MSG3 assuming that the eNB retrieves the UE capability along with the QoS information from the MME.
Proposal 3: There is no need for a low power class indication in MSG3. 
Proposal 4: Send an LS to SA2, RAN3 to confirm that the UE capability can be retrieved along with the QoS information from the MME.
In the e-mail discussion issue 3, it has been discussed whether to introduce an indication low power class UE in MSG1. 

This will require additional PRACH partitioning for this new power class, which will increase the implementation complexity and lead to an inefficient usage of the RACH resources. We acknowledge that this can lead to some inefficient resource utilisation for the two CSS PDCCH and the RAR because the eNB may use an unnecessary number of DL repetitions but this will happen for UEs that are not in the best coverage level, thus we think it is acceptable.
Proposal 5: There is no need for a low power class indication in MSG1.
2.3 Other
In the e-mail discussion issue 6, it is proposed to introduce an indication in system information to allow low power class UE. 

This proposal seems to imply that low power class UEs are low coverage UEs, which is not in line the relaxed MCL defined by RAN4; e.g.  if P=14 dBm, and the MCL target is (164-(P-23)) dB,  then these UEs are targeting 155 dB MCL, which is comfortably in the middle of the existing MCL range. 
Also, if this proposal was agreed, there would be a need to change the suitability criteria as it would not be acceptable to allow the UE to camp on a cell but not allow the UE to access.

Proposal 6: There is no need for an indication of support of low power class UEs in system information.
3 Conclusion
This paper discusses some stage 3 aspects of the new UE low power class and we have the following observations and proposals:
Proposal 1: There is no need for additional signalling to control UE camping on the cell, which is already taken into account in the Pcompensation parameter.
Proposal 2: The RSRP-thresholds are corrected by the lower class UE as follows:  RSRP-threshold = RSRP-Thresholds – (23 –P).
Observation 1: The eNB needs the knowledge of the UE power class to adjust the number of repetitions in DL.
Observation 2: The eNB has the information of the low power class UE with the UE capability after MSG5.

Observation 3: For a UE using the CIoT user plane optimisation, the eNB can get the information of the low power class UE after MSG3 by fetching the UE context.

Observation 4: For a UE using the CIoT control plane optimisation, the eNB can get the information after MSG3 from the MME with solution 15.

Proposal 3: There is no need for a low power class indication in MSG3. 
Proposal 4: Send an LS to SA2, RAN3 to confirm that the UE capability can be retrieved along with the QoS information from the MME.
Proposal 5: There is no need for a low power class indication in MSG1.

Proposal 6: There is no need for an indication of support of low power class UEs in system information.
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