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1. Introduction

In this contribution we analyze the Pcmax definition and its parameters for NB-IoT UE and propose a text for the sub-clause 6.2.5F in TS36.101.
As a reference, as a starting point, we will take the Rel-10 single carrier Pcmax definition that we are listing below for convenience:
PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c +, P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}

2. Discussion

Based on the latest power control related agreements from RAN1 meetings, that will be eventually included in the TS36.213, the NB-IoT UEs will require a maximum configured power Pcmax in order to support the NPRACH, NPUSCH power allocation, power scaling and power headroom NB-PHR reporting. Also, RAN1 36.213 specification uses the PCMAX,c  notation for NB-IoT power allocation  and control procedures which we propose to preserve in 36.101 NB-IoT related sub-clause. 
RAN2 almost finalized the RRC running CR for TS36.331, meaning that the all the NB-IoT UE related configuration parameters required by RAN4 Pcmax definition are known.

In the next paragraphs will discuss the applicability of the parameters from Rel-10 36.101 that may be needed and over slot based Pcmax definition for NB-IoT and finally the Pumax measurement requirement along with NB IoT UE tolerances.
2.1. NB IoT sub-frame and slot based allocations - Pcmax definition consequences
RAN1 has agreed that the power allocation and power control procedures for NB-IoT are slot based no matter what channel spacing is used. Thus the index i in 36213 is related to a slot time unit.
Proposal 1: Pcmax definition period is based on NB-IoT defined slot.
2.2. Pemax, and A-MPR parameters (or NS values) in NB-IoT SIBs
NB-IoT system has its own MIB and SIB1 and SIB2 and it is seen as different RAT from this point of view.
However SIB1-NB and SIB2-NB contain similar information in terms of Pcmax and coexistence parameters.
Although specific procedures apply for NB IoT UE, the following parameters are signalled in the NB-IoT cell:

In SIB1-NB: 

· additionalPmax in NS-PmaxList
In SIB2-NB:

· P-max

· additionalSpectrumEmissions

Thus Pemax has to be part of the Pcmax definition.

Even though the A-MPR related studies in RAN4 shown that for the currently agreed operating bands we don’t need it, we will have to include the A-MPR in the final Pcmax definition for design future proof, fact confirmed also by the endorsed LS to RAN2 from RAN4 in the RRM session in the last NB-IoT ad-hoc [2].
Proposal 2: Pcmax definition have to include the Pemax and A-MPR parameters as signalling is available in 36.331.
2.3. Delta Tc and Delta Tib parameters
RAN4 already agreed to the NB-IoT operating bands for Rel-13. Based on the WI description in [1], the following bands are planned: 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66.
Following the endorsed draft CR on NB-IoT UE MOP requirement from the latest RAN4 NB-IoT ad-hoc in [3] we know now that the legacy Notes 2 and 5 for band edge relaxation of 1.5dB are not applicable for NB-IoT case.
Proposal 3: Delta Tc parameter is not applicable to NB-IoT related Pcmax definition.
Delta Tib parameter is related to LTE carrier aggregation, and thus we don’t need it.

Proposal 4: Delta Tib parameter is not applicable to NB-IoT related Pcmax definition.
2.4 NB-IoT UE MPR
While the MPR is still under discussion, at least we know that the 12 tones allocation will require some power back off [4]. Thus we propose to keep the MPR parameter in the Pcmax equation and make a reference to the sub-clause 6.2.3F.
Proposal 5: Include the MPR in the Pcmax definition and make a reference to the 6.2.3F sub-clause. 
2.5 NB-IoT UE and P-MPR for Power Headroom (NB-PHR)
The P-MPR parameter has been introduced in the Pcmax definition from Rel-10 onward with the following applicability (as in 36.101):

“P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1:
P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc may impact the maximum uplink performance for the selected UL transmission path”
The only case that may be applicable is the SAR. And this would be probably in a case where the NB-IoT device is a kind of a wearable device. However the P-MPR main role was to be included in the extended power headroom report and help the eNB scheduler take right allocation decisions based on UE power limitations.
In the NB-IoT UE case, RAN1 agreed to have the power headroom report signalled on 2 bits and based on a 15KHz  single tone , meaning 4 possible values, which renders the P-MPR signalling over PHR kind of useless due to its lack of granularity.

Thus we are proposing to NOT account for P-MPR in the Pcmax definition.
Proposal 6: The P-MPR is not needed in the Pcmax definition for NB-IoT UEs.
2.6 Pumax measurement period and NB-IOT UE tolerances
We are simply proposing take the legacy LTE single carrier UE related tolerances for the NB-IoT UEs case.
Proposal 7: The legacy LTE single carrier UE tolerances to be applicable for the NB-IoT UEs.
And finally we propose for Pumax to have at least a sub-frame (1ms) measurement period for 15 KHz channel spacing, and at least a slot (2ms) respectively for the 3.75 KHz channel spacing (excluding the 2304 Ts gap when the UE is not transmitting)  in order to be in line with the MOP endorsed agreement. 
Proposal 8: Pumax to be measured over at least 1ms measurement period for 15 KHz channel spacing, and 2ms (excluding the 2304 Ts gap when the UE is not transmitting) respectively for the 3.75 KHz channel spacing.
2.7 TP for sub-clause 6.2.5F

Proposal 9: Approve the TP for sub-clause 6.2.5F
======================================Beginning of the changes========================

6.2.5F
Configured transmitted Power for NB-IoT
For each slot i the NB IoT UE is allowed to set its configured maximum output power PCMAX,c. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c 
Where


PCMAX_L,c = MIN { PEMAX,c ,  PPowerClass – MPRc – A-MPRc}


PCMAX_H,c = MIN { PEMAX,c,  PPowerClass}


PEMAX,c is the value given to IE P-Max, defined in [7] 


PPowerClass is the maximum NB IoT UE power specified in Table 6.2.2F-1 without taking into account the associated tolerance 


MPRc and A-MPRc are specified in subclause 6.2.3F and subclause 6.2.4F, respectively

The measurement period for PUMAX,c is at least one sub-frame (1ms) for 15 KHz channel spacing, and at least a 2ms slot (excluding the 2304Ts gap when UE is not transmitting) respectively for the 3.75 KHz channel spacing. The measured maximum output power PUMAX,c shall be within the following bounds:
PCMAX_L,c –  T(PCMAX_L,c)  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T(PCMAX_H,c ) 
Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L,c and PCMAX_H,c separately.

Table 6.2.5F-1: PCMAX tolerance 

	PCMAX               (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


==========================================end of changes============================
3. Conclusion 

Proposal 1: Pcmax definition and Pumax measurement period have to be defined for 1ms and 2ms for 15KHz and 2ms channel spacing respectively.
Proposal 2: Pcmax definition have to include the Pemax and A-MPR parameters as signalling is available in 36.331.
Proposal 3: Delta Tc parameter is not applicable to NB-IoT related Pcmax definition.
Proposal 4: Delta Tib parameter is not applicable to NB-IoT related Pcmax definition.
Proposal 5: Include the MPR in the Pcmax definition and make a reference to the 6.2.3F sub-clause. 
Proposal 6: The P-MPR is not needed in the Pcmax definition for NB-IoT UEs.
Proposal 7: The legacy LTE single carrier UE tolerances to be applicable for the NB-IoT UEs.
Proposal 8: Pumax to be measured over at least 1ms measurement period for 15 KHz channel spacing, and 2ms (excluding the 2304 Ts gap when the UE is not transmitting) respectively for the 3.75 KHz channel spacing.
Proposal 9: Approve the TP for sub-clause 6.2.5F
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