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1 Introduction
In RAN #72 meeting, new WI proposal on Enhancements of NB-IoT was agreed [1]. One objection of this WI is to support the new UE power class.
· 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).
In RAN4 #80 meeting, WF on MCL Relaxation for New Power Class for enhanced NB-IOT[2] was approved. In which, the following proposal is provided:

· 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 RAN4 #80bis meeting[6], it’s 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.
In this contribution, we discuss the potential solutions to support the new UE power class based on MCL Relaxation for the new power class.
2 Solutions to support the new UE power class based on MCL Relaxation
The UE power class defines the maximum UE output power for any transmission bandwidth within the NB-IoT channel bandwidth[3], and the maximum transmit power of the new power class UE (P dBm) is less 23-P dB than the legacy power class UE(23dBm). In order to keep the uplink performance of the new power class UE, the coverage range of the new power class UE should be less 23-P dB than that of the legacy power class UE.
2.1 MCL relaxation for the new power class UE
To keep the uplink performance of the new power class UE, the MCL relaxation for the new power class UE should be done, e.g. the MCL for the new power class UE is less 23-P dB than that of the legacy power class UE(23dBm).

This can be guaranteed with the current cell selection and reselection rules. In the current NB-IoT specification, a UE can camp on a cell only when the following S-rule[4] is satisfied:
	Srxlev > 0 AND Squal > 0



	where: 
Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
where:

Srxlev

Cell selection RX level value (dB)

Squal

Cell selection quality value (dB)

Qoffsettemp
Offset temporarily applied to a cell as specified in [5] (dB)

Qrxlevmeas
Measured cell RX level value (RSRP)
Qqualmeas
Measured cell quality value (RSRQ)
Qrxlevmin
Minimum required RX level in the cell (dBm)

Qqualmin
Minimum required quality level in the cell (dB)

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);
PEMAX1, PEMAX2
Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in [TS 36.101] [3]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [5].
PPowerClass
Maximum RF output power of the UE (dBm) according to the UE power class as defined in [TS 36.101] [3]



In which, UE power class is taken into account. With appropriate PEMAX1 and PEMAX2 values, the suitable shrinked coverage range of the new power class UEs can be achieved. E.g. the MCL of P dBm power class UE is less 23-P dB than the MCL of the legacy power class UE (23dBm) if both the PEMAX1 and PEMAX1 are set to 23dBm.
Observation 1: The MCL of the new power class UE should be less 23-P dB than the legacy power class UE, which can be guaranteed with the current cell selection and reselection rules.
In R13 NB-IoT technical specifications, the physical layer repetition is the main feature to enhance the radio coverage. The physical layer repetition numbers are set based on channel and message type, and should be consistent between UE and eNB. The new power class UE’s impact on the physical layer repetition numbers is analyzed in the following sections.
2.2 Physical layer repetition numbers of paging impact by the new power class UE
The physical layer repetition number of paging is set per cell by SIB, which is independent of the UEs in the cell. So, the new power class UE (P dBm) does not have impact on the physical layer repetition numbers of paging.

Observation 2: The new power class UE (P dBm) does not have impact on the physical layer repetition numbers of paging.
2.3 Physical layer repetition number of Msg1 and ack-NACK on PUSCH before Msg4 impact by the new power class UE
The physical layer repetition number of Msg1and ack-NACK on PUSCH before Msg4 is set per CEL in SIB2. Taken into account that the maximum transmit power of the new power class UE (P dBm) is at least less 23-P dB than the legacy power class UE, if the new power class UE (P dBm) use the same CEL threshold and PRACH parameters as the legacy power class UE, the transmission performance of Msg1 and ack-NACK on PUSCH of the new power class UE will be worse than that of the legacy power class UE, which may cause access failure for the new power class UE. 
To improve the transmission performance of Msg1 and ack-NACK on PUSCH of the new power class UE, the CEL threshold for the new power class UE should be less 23-P dB than that for the legacy power class UE, as shown in the Table 1. 
	
	Repetition number per PRACH preamble attempt

	
	1
	8
	32

	Legacy power class UE(23dBm)
	144dB
	154dB
	164dB

	new power class UE(P dBm)
	144-(23-P)dB
	154-(23-P)dB
	164-(23-P)dB


Table 1. MCL for different power class UEs with the same repetition number per PRACH preamble attempt
Observation 3: To improve the transmission performance of Msg1 and ack-NACK on PUSCH of the new power class UE, the CEL threshold for the new power class UE should be less 23-P dB than that for the legacy power class UE.

This can be realized by two means:
Option 1. Configure a new RSRP threshold of enhanced coverage level by SIB2 with the rsrp-ThresholdsPrachInfoList-r14 IE for the new power class UE
The new power class UE determines the enhanced coverage level by matching the RSRP measurement results with the new RSRP threshold of enhanced coverage level rsrp-ThresholdsPrachInfoList-r14 IE for the new power class UE.
Option 2. No new RSRP threshold of enhanced coverage level configured for the new power class UE
The new power class UE determines the enhanced coverage level by matching the RSRP measurement results with the “RSRP threshold of enhanced coverage level + (23-P) dB”, as shown in the Figure1. 
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Figure1. CEL contrast between the legacy power class UE and the new power class UE

In which, 
The new power class UE with P=14dBm is as an example.

The rsrp-Threshold 0 and rsrp-Threshold 1 for the enhanced coverage level is set to -120dBm and -130dBm separately:

·  For the RSRP values between -111dBm and -120dBm, the CEL of the legacy power class UE is CEL0 and the CEL of the new power class UE is CEL1

· For the RSRP values between -121dBm and -130dBm, the CEL of the legacy power class UE is CEL1 and the CEL of the new power class UE is CEL2

· For other RSRP values, the CEL is the same for the legacy power class UE and the new power class UE

For flexibility, option 1 is preferred.
Proposal 1: A new RSRP threshold of enhanced coverage level is suggested to be configured for the new power class UE.
2.4 Physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 impact by the new power class UE
The physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 is set per CEL in SIB2. If the new power class UE (P dBm) uses the PRACH parameters of the legacy power class UE and independent CEL threshold which is less than the CEL threshold of the legacy power class UE, the repetition number of preamble transmission will be suitable, but the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 will be too large for the new power class UE, which is wasteful for the downlink radio resource.

Observation 4: If the new power class UE (P dBm) uses the PRACH parameters of the legacy power class UE and independent CEL threshold which is less than the CEL threshold of the legacy power class UE, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 will be too large for the new power class UE, which is wasteful for the downlink radio resource.

For the PRACH procedure initiated by a PDCCH order, eNodeB can obtain the UE power class before PDCCH order and can assign a suitable physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 for the new power class UE (P dBm). For example, if the CEL of the new power class UE is CEL2, then the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE can be set to the downgraded value of PDCCH repetition number value for Msg2/Msg3/Msg4 of CEL 1 of the legacy power class UE, which can be configured or assigned by PDCCH order. For PDCCH order assignment , there are 13 reserved bits available in DCI Format N1 for PDCCH order, 4 of which can be used to indicate the repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE. 
Observation 5: For the PRACH procedure initiated by a PDCCH order, eNodeB can obtain the UE power class before PDCCH order. Then it’s possible for eNodeB to assign a suitable physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 for the new power class UE (P dBm).
Proposal 2: For the PRACH procedure initiated by a PDCCH order, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE should be assigned by the PDCCH order.

For the initial PRACH procedure (all PRACH procedure except that initiated by PDCCH order), the eNodeB cannot obtain the UE power class before Msg5 currently, no measure can be used to optimize the physical layer repetition number of Msg2/Msg3/Msg4 PDCCH. But if the new UE power class is reported to eNodeB in Msg1 by reserving PRACH resource for new power class UE (i.e. configure non-anchor PRACH carrier or PRACH sub-carrier for new power class UE), then the PDCCH physical layer repetition number for Msg2/Msg3/Msg4 can be optimized for the new power class UE. If the new UE power class is reported to eNodeB in Msg3, then the PDCCH physical layer repetition number for Msg4 can be optimized for the new power class UE. Since it will cost much PRACH resource if the new UE power class is reported to eNodeB in Msg1 by reserving PRACH resource for new power class UE, it’s suggested that the UE power class is reported to eNodeB in Msg3.
Furthermore, as outlined in the previous section, because the new power class impacts the UE transmission performance, if the same CEL is used for downlink and uplink for the new power class, the downlink physical layer repetition number will be wasteful. For example, in the Figure 1, when the RSRP value is between -111dBm and -120dBm, the CEL of the new power class UE is CEL1, but the downlink physical layer repetition number of CEL 1 is too large when the RSRP value is between -111dBm and -120dBm, which is wasteful. In fact, the downlink physical layer repetition number of CEL0 is enough for the new power class UE when the RSRP value is between -111dBm and -120dBm. So, the CEL selection rules for the new power class UE are only suitable for uplink CEL of the new power class UE, and the downlink CEL of the new power class UE should be selected based on the rules for the legacy power class UE. If the new power class UE can report its real downlink CEL to eNodeB as early as possible, e.g., in Msg3, the eNodeB can decide the PDCCH physical layer repetition number based on the downlink CEL directly. 

Observation 6: If UE power class and the real downlink CEL of the new power class UE can be reported in Msg3, PDCCH physical layer repetition number for Msg4 can be optimized for the new power class UE.

2.5 Physical layer repetition number of PDCCH after Msg4 impact by the new power class
The physical layer repetition number of PDCCH after Msg4 is set in Msg4 or UE-specific message later. Only if the UE power class is obtained by eNodeB before Msg4, the physical layer repetition number of PDCCH after Msg4 can be set precisely based on the UE power class.
Observation 7: Only if the UE power class is obtained before Msg4, the physical layer repetition number of PDCCH after Msg4 can be set precisely based on the UE power class.
2.6 Physical layer repetition number of ack-NACK on PUSCH after Msg4 impact by the new power class
The physical layer repetition number of ack-NACK on PUSCH after Msg4 is set in Msg4. Only if the UE power class is obtained by eNodeB before Msg4, the physical layer repetition number of ack-NACK on PUSCH after Msg4 can be set precisely based on the UE power class.
Observation 8: Only if the UE power class is obtained before Msg4, the physical layer repetition number of ack-NACK on PUSCH after Msg4 can be set precisely based on the UE power class.
2.7 Physical layer repetition number of PDSCH and PUSCH except for ack-NACK impact by the new power class
The physical layer repetition number of PDSCH and PUSCH except for ack-NACK is scheduled by PDCCH dynamically. Only if the UE power class is obtained by eNodeB, the eNodeB can schedule the physical layer repetition number of PDSCH and PUSCH except for ack-NACK precisely based on the UE power class.
Furthermore, with the worse transmission performance of the new power class UE (P dBm), large TBS and multi-tone transmission cannot be scheduled for PUSCH in some MCL cases. The Table 2 shows some scenarios that large TBS and multi-tone transmission cannot be scheduled for the new power class UE (P dBm). Thus, multi-tone cannot be used in Msg5 after introducing the new power class UE (P dBm) in NB-IoT if the eNodeB cannot obtain the UE power class before Msg5. It may cause large transmission delay for Msg5. So the new UE power class should be reported to eNodeB before Msg5.
	
	Number of repetitions for legacy power class UE
	Number of repetitions for the new power class UE(14dBm)

	MCL=164
	128
	2048 or more( that’s not supported in NB-IoT)

	MCL=154
	32
	256 or 1024( that’s not supported in NB-IoT)

	MCL=144
	4
	64


Table 2. The PUSCH repetition number for 15khz frequency span, 12-tone,TBS=1000 and RU=10
Observation 9: The new UE power class should be reported to eNodeB before Msg5.
Proposal 3: The UE power class and the real downlink CEL of the new power class UE should be reported in Msg3.
3 New Power Class UE Compatibility with the legacy NW

As discussed in section 2.3:

1. For some RSRP values, the legacy power class UE and the new power class UE have different CELs and special handling should be introduced for the new power class UE to guarantee the performance, which cannot be performed in legacy network (e.g R13 NW). 
Then, some backward compatibility for the new power class UEs should be considered. 
2. For the RSRP values which are larger than a certain threshold (e.g -111dBm described in Figure 1 ), the legacy power class UE and the new power class UE have the same CEL (that’s CEL 0), and thus the same handling is used in NW. 
So, when the RSRP values are larger than a certain threshold, no backward compatibility for the new power class UEs in legacy NW need to be considered.

Taken into account potential backward compatibility of new power class UEs in legacy network, a pre-defined worst RSRP level threshold can be used by new power class UE to determine whether it can access the legacy network and establish service (e.g -110dBm of the high quality criterion in PLMN selection). That’s, in legacy network, the new power class UE can establish service only if its RSRP value is larger than the pre-defined worst RSRP level threshold (-110dBm).

Proposal 4: A pre-defined worst RSRP level threshold is used by new power class UE to determine whether it can access the legacy network and establish service.
4 Conclusions
In this contribution, we have discussed the remaining issues for the new power class UE. Based on the analysis, we have the following observations and proposals:
Observation 1: The MCL of the new power class UE should be less 23-P dB than the legacy power class UE, which can be guaranteed with the current cell selection and reselection rules.

Observation 2: The new power class UE (P dBm) does not have impact on the physical layer repetition numbers of paging.

Observation 3: To improve the transmission performance of Msg1 and ack-NACK on PUSCH of the new power class UE, the CEL threshold for the new power class UE should be less 23-P dB than that for the legacy power class UE.

Observation 4: If the new power class UE (P dBm) uses the PRACH parameters of the legacy power class UE and independent CEL threshold which is less than the CEL threshold of the legacy power class UE, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 will be too large for the new power class UE, which is wasteful for the downlink radio resource.

Observation 5: For the PRACH procedure initiated by a PDCCH order, eNodeB can obtain the UE power class before PDCCH order. Then it’s possible for eNodeB to assign a suitable physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 for the new power class UE (P dBm).
Observation 6: If UE power class and the real downlink CEL of the new power class UE can be reported in Msg3, PDCCH physical layer repetition number for Msg4 can be optimized for the new power class UE.

Observation 7: Only if the UE power class is obtained before Msg4, the physical layer repetition number of PDCCH after Msg4 can be set precisely based on the UE power class.

Observation 8: Only if the UE power class is obtained before Msg4, the physical layer repetition number of ack-NACK on PUSCH after Msg4 can be set precisely based on the UE power class.

Observation 9: The new UE power class should be reported to eNodeB before Msg5.
Proposal 1: A new RSRP threshold of enhanced coverage level is suggested to be configured for the new power class UE.
Proposal 2: For the PRACH procedure initiated by a PDCCH order, the physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 of the new power class UE should be assigned by the PDCCH order.

Proposal 3: The UE power class and the real downlink CEL of the new power class UE should be reported in Msg3.

Proposal 4: A pre-defined worst RSRP level threshold is used by new power class UE to determine whether it can access the legacy network and establish service.
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