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1 Background
In RAN4 #101-e max power reduction for PRACH, PUCCH, and full-PRB PUSCH was discussed [1].
In principle there were three suggestions on the table:
1. Power boosting for sub-PRB PUSCH from a lower PC (PC5) [3]
2. Power reduction for full-PRB PUSCH, PRACH and PUCCH from a higher PC (PC3) [4]
3. Drop the power boosting in Rel-17 (i.e., update the WI to exclude the Study on increasing output power for MTC) 

Below is a cut-out from the WID [2].


· For UEs supporting PUSCH sub-PRB resource allocation, study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH, with a maximum reduction of e.g. 3 dB below sub-PRB PUSCH power. [LTE-MTC] [RAN4]

In this tdoc we further discuss alternative 2 above (Power reduction for full-PRB PUSCH, PRACH and PUCCH from a higher PC). We think this alternative is more in line with the WID.
2 Discussion
Summary of benefits sub-PRB PUSCH transmission
In [4] , we discussed the benefits of sub-PRB PUSCH transmission at a higher power level than other UL channels. The benefits are summarized in Table 1.
[bookmark: _Ref85811409][bookmark: _Hlk85813111]Table 1 – Benefits of higher power sub-PRB transmission
	Aspect
	Network benefit
	UE benefit

	Coverage
	Improved coverage for higher data rates in CE CE Mode B.
Improved coverage in CE Mode A.
	Improved coverage for higher data rates in CE CE Mode B.
Improved coverage in CE Mode A.

	Spectral efficiency
	Improved spectral efficiency.
	

	Battery lifetime
	
	Improved battery lifetime / less frequency battery replacement cycles / smaller batteries

	Latency
	Reduced application latency.
	Reduced application latency.



Based on the benefits of sub-PRB PUSCH transmission at a higher power level than other UL channels, RAN4 specifications should be updated, in line with the WID, to support this feature.
Enabling higher power sub-PUSCH transmissions in the specifications
Our preferred way to specify the higher power sub-PRB PUSCH transmissions would be to focus on PC3 and power reduction of full-PRB PUSCH, PRACH, SRS and PUCCH. For example, the MPR framework could be used to allow power reduction of these latter physical channels. A PC3 eMTC UE would be able to transmit sub-PRB PUSCH at 23dBm and apply the same power reductions as an NB-IoT UE for full-PRB PUSCH, PRACH and PUCCH transmissions. This would be in line with the WID.
Proposal A:	The MPR framework allows a sub-PRB capable UE to apply a power reduction of full-PRB, PRACH, PUCCH and SRS relative to the power of a 2-tone sub-PRB PUSCH transmission.



Power reduction for sub-PRB transmissions in NB-IoT
The Maximum Power Reduction (MPR) for NB-IoT sub-PRB transmissions is specified in TS36.101 section 6.2.3F, as follows [5]:
#####################
6.2.3F	UE maximum output power for modulation / channel bandwidth for category NB1 and NB2
For UE category NB1 and NB2 power class 3 and 5 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-1.
Table 6.2.3F-1: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 3 and 5
	Modulation
	QPSK
	16-QAM

	Tone positions for 3 Tones allocation
	0-2
	3-5 and 6-8
	9-11
	0-2, 3-5, 6-8, and 9-11

	MPR
	≤ 0.5 dB
	0 dB
	≤ 0.5 dB
	≤ 1.8 dB

	Tone positions for 6 Tones allocation
	0-5 and 6-11
	0-5 and 6-11

	MPR
	≤ 1 dB
	≤ 1 dB
	≤ 1.8 dB

	Tone positions for 12 Tones allocation
	0-11
	0-11

	MPR
	≤ 2 dB
	≤ 2.8 dB



For UE category NB1 and NB2 power class 6 the allowed Maximum Power Reduction (MPR) for the maximum output power given in Table 6.2.2F-1 is specified in Table 6.2.3F-2.
Table 6.2.3F-2: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 6
	Modulation
	QPSK
	16-QAM

	MPR for 3 Tones allocation
	≤ 0.5 dB
	≤ 1.7 dB

	MPR for 6 Tones allocation
	≤ 1 dB
	≤ 1.6 dB

	MPR for 12 Tones allocation
	≤ 1.5 dB
	≤ 2.6 dB



For the UE maximum output power modified by MPR, the power limits specified in sub-clause 6.2.5F apply.
#####################
It is evident from the NB-IoT specification that for a Class 3 or Class 5 UE, the UE can transmit with a power reduction of up to 2dB when it is transmitting with a 12-tone QPSK allocation (a maximum power reduction of 2.8dB is possible for a 12-tone 16QAM allocation). It is also evident that the baseline NB-IoT maximum output power / MPR specification is for a single-subcarrier transmission (the NB-IoT UE can reduce the power level of multi-tone transmissions relative to this single-subcarrier transmission).
Observation A: The power class for NB-IoT is defined for a single-subcarrier transmission.
Observation B: The NB-IoT MPR specification allows the NB-IoT UE to transmit at a lower power level than the power level used for single-subcarrier transmission.

Since there are many implementations that use common RF components for both eMTC and NB-IoT, we think that these MPR values should also be applicable to eMTC.
Observation C: eMTC and NB-IoT can be implemented with the same RF front-end. The NB-IoT MPR values for full-PRB transmission relative to sub-PRB transmission are equally applicable to eMTC.

[bookmark: _Ref92731378]Power reduction for sub-PRB transmissions in eMTC
In Release-17, we propose that for UEs capable of sub-PRB transmission, a similar approach to that used in NB-IoT is taken:
· The eMTC power class is defined for a 2-of-3 sub-PRB transmission
· The eMTC MPR specification allows the eMTC UE to transmit at a lower power level than the power level used for a 2-of-3 sub-PRB transmission
· The power reduction for eMTC UEs for full-PRB transmissions is the same as the power reduction allowed for NB-IoT UEs for full-PRB transmission

Proposal B: For an eMTC UE capable of sub-PRB transmission:
· The eMTC power class is defined for a 2-of-3 sub-PRB transmission
· The eMTC MPR specification allows the eMTC UE to transmit at a lower power level than the power level used for a 2-of-3 sub-PRB transmission
· The power reduction for eMTC UEs for full-PRB transmissions is the same as the power reduction allowed for NB-IoT UEs for full-PRB transmission

In order to simplify the required changes to support the power reduction feature, we consider only category M1 devices and power class 3 and 5 devices. We also only consider the power reduction for full-PRB relative to 2-of-3 sub-PRB transmission. If the approach proposed is acceptable, power reductions for 3-subcarrier and 6-subcarrier sub-PRB allocations could be considered at a future meeting.
The following text shows how these changes could be implemented in the TS36.101 specification.

#####################

6.2.2E	UE maximum output power for Category M1 and M2 UE
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration and UL-MIMO unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.2E-1: UE Power Class
	EUTRA band
	Class 2
(dBm)
	Tolerance
(dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)
	Class 6 (dBm)
	Tolerance (dB)

	1
	
	
	23
	±2
	20
	±2
	14
	±2.5

	2
	
	
	23
	±22
	20
	±22
	14
	±2.5

	3
	
	
	23
	±22
	20
	±22
	14
	±2.5

	4
	
	
	23
	±2
	20
	±2
	14
	±2.5

	5
	
	
	23
	±2
	20
	±2
	14
	±2.5

	7
	
	
	23
	±22
	20
	±22
	14
	±2.5

	8
	
	
	23
	±22
	20
	±22
	14
	±2.5

	11
	
	
	23
	±2
	20
	±2
	14
	±2.5

	12
	
	
	23
	±22
	20
	±22
	14
	±2.5

	13
	
	
	23
	±2
	20
	±2
	14
	±2.5

	14
	
	
	23
	±2
	20
	±2
	14
	±2.5

	18
	
	
	23
	±25
	20
	±25
	14
	±2.5

	19
	
	
	23
	±2
	20
	±2
	14
	±2.5

	20
	
	
	23
	±22
	20
	±22
	14
	±2.5

	21
	
	
	23
	±2
	20
	±2
	14
	±2.5

	24
	
	
	23
	+2/-32
	20
	+2/-32
	14
	±2.5

	25
	
	
	23
	±22
	20
	±2
	14
	±2.5

	26
	
	
	23
	±22
	20
	±22
	14
	±2.5

	27
	
	
	23
	±2
	20
	±2
	14
	±2.5

	28
	
	
	23
	+2/-2.5
	20
	+2/-2.5
	14
	±2.5

	31
	267
	±2
	23
	±2
	20
	±2
	14
	±2.5

	…
	
	
	
	
	
	
	
	

	39
	
	
	23
	±2
	20
	±2
	14
	±2.5

	40
	
	
	23
	±22
	20
	±2
	14
	±2.5

	41
	
	
	23
	±22
	20
	±22
	14
	±2.5

	42
	
	
	23
	+2/-3
	20
	+2/-3
	14
	±2.5

	43
	
	
	23
	+2/-3
	20
	+2/-3
	14
	±2.5

	…
	
	
	
	
	
	
	
	

	71
	
	
	23
	±2
	20
	±2
	14
	±2.5

	72
	267
	±2
	23
	±2
	20
	±2
	14
	±2.5

	73
	
	
	23
	±2
	20
	±2
	14
	±2.5

	74
	
	
	23
	±2
	20
	±2
	14
	±2.5

	85
	
	
	23
	±22
	20
	±22
	14
	±2.5

	87
	
	
	23
	±2
	20
	±2
	14
	±2.5

	88
	
	
	23
	±2
	20
	±2
	14
	±2.5

	NOTE 1:	Void
NOTE 2:	2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 3:	For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
NOTE 4:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 5:	For a UE that supports both Band 18 and Band 26, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB for transmission bandwidths confined within 815 MHz and 818 MHz.
NOTE 6:	Void
NOTE 7:	Applicable for category M1 and M2 HD-FDD UE
NOTE 8:   For a UE capable of subPRB transmission the maximum output power requirement is defined for a 2-tone subPRB transmission



6.2.3E	UE maximum output power for modulation / channel bandwidth for category M1 and M2
For category M1 UE Power Class 3, 5 and 6, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in Table 6.2.2E-1 due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Tables 6.2.3E-1, 6.2.3E-2 and 6.2.3E-5 respectively. For a category M1 power class 3 and 5 UE that is capable of subPRB transmission, a supplementary Maximum Output Power Reduction (S-MPR) for full PRB transmissions may be applied according to Table 6.2.3E-8.
For category M2 UE Power Class 3, 5 and 6, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in Table 6.2.2E-1 due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3E-3, Table 6.2.3E-4 and Table 6.2.3E-6 respectively.
For subPRB allocation of category M1 UE of Power Class 3, there is no MPR applies. For subPRB allocation of category M2 UE of Power Class 3, the allowed MPR due to higher order modulation and transmit bandwidth configuration (subcarrier) is specified in in Table 6.2.3E-7.
Table 6.2.3E-1: Maximum Power Reduction (MPR) for category M1 UE for Power Class 2 and 3
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>1
	>4
	-
	-
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>1
	>3
	-
	-
	≤ 1

	16QAM
	>2
	>2
	>3
	>5
	-
	-
	≤ 2

	NOTE:	MPR only applicable for NRB ≥ 1



Table 6.2.3E-2: Maximum Power Reduction (MPR) for category M1 for Power Class 5
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>3
	>5
	-
	-
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>3
	>5
	-
	-
	≤ 1

	16QAM
	>2
	>2
	>5
	-
	-
	-
	≤ 2

	NOTE:	MPR only applicable for NRB ≥ 1



Table 6.2.3E-3: Maximum Power Reduction (MPR) for category M2 UE for Power Class 2 and 3
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>1
	>4
	> 16
	> 18
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>1
	>3
	≤ 16
	≤ 18
	≤ 1

	16QAM
	>2
	>2
	>3
	>5
	> 16
	> 18
	≤ 2

	NOTE:	MPR only applicable for NRB ≥ 1



Table 6.2.3E-4: Maximum Power Reduction (MPR) for category M2 UE for Power Class 5
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>3
	>5
	> 16
	> 18
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>3
	>5
	≤ 16
	≤ 18
	≤ 1

	16QAM
	>2
	>2
	>5
	-
	> 16
	> 18
	≤ 2

	NOTE:	MPR only applicable for NRB ≥ 1



Table 6.2.3E-5: Maximum Power Reduction (MPR) for category M1 for Power Class 6
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>3
	>5
	-
	-
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>3
	>5
	-
	-
	≤ 1

	16QAM
	>2
	>2
	>5
	-
	-
	-
	≤ 2



Table 6.2.3E-6: Maximum Power Reduction (MPR) for category M2 UE for Power Class 6
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	>2
	>2
	>3
	>5
	> 16
	> 18
	≤ 1

	QPSK
	>5
	>5
	-
	-
	-
	-
	≤ 2

	16 QAM
	≤ 2
	≤ 2
	>3
	>5
	≤ 16
	≤ 18
	≤ 1

	16QAM
	>2
	>2
	>5
	-
	> 16
	> 18
	≤ 2



Table 6.2.3E-7: Maximum Power Reduction (MPR) for category M2 UE for Power Class 3 for subPRB allocation
	Channel bandwidth
	5 MHz
	10 MHz
	15MHz

	Modulation
	BPSK
	QPSK
	BPSK
	QPSK
	BPSK
	QPSK

	WB index for 2 subcarrier transmission
	0
	-
	0
	1
	-
	0
	2
	-

	MPR
	≤0.5
	-
	≤0.5
	≤0.5
	-
	≤0.5
	≤0.5
	-

	WB index for 3 subcarrier transmission
	-
	0
	-
	0
	1
	-
	0
	2

	MPR
	-
	≤2
	-
	≤2
	≤2
	-
	≤2
	≤2

	WB index for 6 subcarrier transmission
	-
	0
	-
	0
	1
	-
	0
	2

	MPR
	-
	≤1
	-
	≤1
	≤1
	-
	≤1
	≤1

	NOTE:	WB is specified in TS 36.211 [4]



Table 6.2.3E-8: Supplementary Maximum Power Reduction (S-MPR) for full PRB transmissions for UE category M1 Power Class 3 and 5
	Modulation
	QPSK
	16-QAM

	S-MPR
	≤ 2 dB
	≤ 2.8 dB




For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK modulation for the corresponding transmission bandwidth. For a UE capable of subPRB transmission, a supplementary Maximum Output Power Reduction (S-MPR) for full PRB transmission of PRACH, PUCCH and SRS may be applied according to Table 6.2.3E-8.
For each subframe, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the entire subframe.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.
No other MPR requirement than those specified in tables 6.2.3E-1 and Table 6.2.3E-2 and Table 6.2.3E-5 applies to category M1 and those specified in tables 6.2.3E-3 and Table 6.2.3E-4 and Table 6.2.3E-6 applies to category M2 UE.

#####################


3 Conclusion
In this contribution, we have shared our views on max power reduction for PRACH, PUCCH, SRS and full-PRB PUSCH. We have shown how this maximum power reduction can be applied in TS36.101. The following observations and proposals were given:

Observation A: The power class for NB-IoT is defined for a single-subcarrier transmission.
Observation B: The NB-IoT MPR specification allows the NB-IoT UE to transmit at a lower power level than the power level used for single-subcarrier transmission.
Observation C: eMTC and NB-IoT can be implemented with the same RF front-end. The NB-IoT MPR values for full-PRB transmission relative to sub-PRB transmission are equally applicable to eMTC.

Proposal A:	The MPR framework allows a sub-PRB capable UE to apply a power reduction of full-PRB, PRACH, PUCCH and SRS relative to the power of a 2-tone sub-PRB PUSCH transmission.

Proposal B: For an eMTC UE capable of sub-PRB transmission:
· The eMTC power class is defined for a 2-of-3 sub-PRB transmission
· The eMTC MPR specification allows the eMTC UE to transmit at a lower power level than the power level used for a 2-of-3 sub-PRB transmission
· The power reduction for eMTC UEs for full-PRB transmissions is the same as the power reduction allowed for NB-IoT UEs for full-PRB transmission
We would be happy to provide a formal text proposal based on section 2.4.

4 Reference
[bookmark: _Ref76562324][bookmark: _Ref79060017][bookmark: _Ref85624768][bookmark: _Ref71366161][bookmark: _Ref79060326]R4-2119918,	“Email discussion summary for [101-e][118] LTE_NR_Other_WI”, Moderator (Huawei)
[bookmark: _Ref85627325]RP-211340, 	“WID revision: Additional enhancements for NB-IoT and LTE-MTC”, Huawei, HiSilicon
[bookmark: _Ref85626735]R4-2118997, 	“RF impact analysis on Rel-17 eMTC WID”, Ericsson
[bookmark: _Ref92727238]R4-2117620,	“On max power reduction for PRACH, PUCCH, and full-PRB PUSCH”, Sony
[bookmark: _Ref92728950]TS36.101, draft version 17.4.0	
