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1 Background
In RAN4 #100-e max power reduction for PRACH, PUCCH, and full-PRB PUSCH was discussed [1] and a WF was presented [2] but not agreed.

In this tdoc we share our view regarding max power reduction for PRACH, PUCCH, and full-PRB PUSCH. Below is a cut-out from the WID [3].


· 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]

2 Discussion
An analysis of RF impact of support for power reduction for PRACH, PUCCH, and full-PRB PUSCH is found in [4] where it was concluded that there is no network gain to introduce the new power behavior UE and thus the need to introduce the new power behavior MTC is doubtful. In the same document, two proposals were given:
Proposal-1: Follow the framework of NR pi/2 BPSK power boosting if RAN4 decides that there is an overall gain from the subPRB boosting.
Proposal-2: Focus on PC5 CAT-M1 device for the potential power boosting to PC3 on subPRB transmission.


Motivation for higher sub-PRB transmission power
The possibility of power boosting for sub-PRB transmission for efeMTC was already discussed in RAN4 #87 and RAN4 #89 [5]. Sub-PRB transmission includes the options of 6-subcarrier QPSK, 3-subcarrier-QPSK and 2-subcarrier pi/2 BPSK transmission formats. These transmission formats have a lower PAPR than full-PRB PUSCH (12-subcarrier QPSK). The lower PAPR improves the power efficiency of the efeMTC PUSCH transmission. This allows a sub-PRB transmission to be transmitted at a higher power level than a full-PRB transmission using the same power amplifier.
Coverage of sub-PRB relative to other channels
The WID states that the power of PRACH, PUCCH and full-PRB PUSCH can be reduced relative to the power of sub-PRB PUSCH transmission. This then raises the question of whether the coverage of the cell will be limited by the coverage of PRACH, PUCCH and full-PRB PUSCH.
The coverage of full-PRB PUSCH relative to that of sub-PRB is not a concern. Sub-PRB PUSCH is expected to be the format that is used at the cell edge. Full-PRB PUSCH transmissions will be used closer to the cell center. Hence, it is the sub-PRB PUSCH transmissions that define the cell edge performance and the coverage.
The coverage of eMTC was studied in [6]. Table 1 summarizes the baseline MCL (coverage) performance of an LTE-M device. The baseline MCL performance is the performance before the coverage enhancing techniques of eMTC have been applied. This coverage performance is hence essentially related to the coverage performance of an LTE Cat-0 device. However, this work item is concerned with the performance of the Rel-16 eMTC device and not of the LTE Cat-0 device.
[bookmark: _Ref85807271]Table 1 – Baseline LTE performance before coverage enhancement techniques are applied
[image: ]
The study in [6] showed that an MCL target of 164dB could be achieved for a Rel-15 eMTC device. In other words, the study showed that the final coverage performance of Rel-15 eMTC was much improved compared to the baseline performance of an LTE Cat-0 device.
The study in [6] made the key findings of Table 2 related to the coverage performance of UL eMTC channels:
[bookmark: _Ref85807282]Table 2 - Key findings on eMTC coverage performance

	eMTC physical channel
	Characteristic
	MCL achieved

	PUCCH
	16-32 repetitions
	164dB

	PRACH
	64-128 repetitions
	164dB

	PUSCH
	Data rate = 1400bps
	164dB



We make the following observations:
· eMTC can achieve a coverage of 164dB MCL in the uplink using CE Mode B.
· The coverage of 164dB MCL for PUSCH is achieved at a data rate of 1400bps. While this is considerably greater than the TR45.820 requirement of 160bps, it is evident that that coverage of a higher data rate PUSCH, e.g. 3kbps, would be less than 164dB MCL.
· The studied coverage performance is for CE Mode B. The coverage performance (and the balance of coverage of different physical channels) of CE Mode A may be different to that of CE Mode B. sub-PRB PUSCH transmissions are also applicable to CE Mode A, where CE Mode A is the predominantly deployed CE mode.
The maximum numbers of repetitions for the different UL physical channels in eMTC in CE Mode A and CE Mode B are listed in Table 3.
[bookmark: _Ref85808183]Table 3 – Maximum numbers of repetitions of UL physical channels in CE Mode A and CE Mode B
	eMTC physical channel
	CE Mode A repetitions
	CE Mode B repetitions

	PUCCH
	8
	32

	PUSCH
	32
	2048

	PRACH
	32
	128



The coverage of the physical channels is related to the number of repetitions. We make the following observations based on Table 3:
· PUSCH vs PRACH. In CE Mode B significantly more repetitions can be applied to PUSCH relative to PRACH (16 times: 2048 vs 128) than is the case for CE Mode A (same: 32 vs 32).
· PUSCH vs PUCCH. In CE Mode B significantly more repetitions can be applied to PUSCH relative to PUCCH (64 times: 2048 vs 32) than is the case for CE Mode A (4 times: 32 vs 8)
· PUSCH is expected to be the coverage limiting channel in CE Mode A
[bookmark: _Ref85819002]Observation 1	For CE Mode B, PUSCH would be the limiting channel for coverage if coverage were defined at a PUSCH data rate of 3kbps.
[bookmark: _Ref85819009]Observation 2	For CE Mode A, PUSCH is expected to be the coverage limiting channel.
Since transmission of sub-PRB PUSCH at a higher power can improve the coverage of both CE Mode B and CE Mode A, it would help the overall cell coverage. Improved coverage benefits both the UE and the network.
[bookmark: _Ref85819015]Observation 3	Transmission of sub-PRB PUSCH at a higher transmit power can improve the overall cell coverage in both CE Mode B and CE Mode A.
Spectral Efficiency of sub-PRB transmissions
Transmission at a higher power will lead to fewer repetitions being required for the PUSCH transmission and hence will allow the transmission to terminate earlier. The higher power sub-PRB PUSCH transmissions will hence use fewer system resources (fewer subframes), improving spectral efficiency. Improved spectral efficiency benefits the network.
[bookmark: _Ref85819021]Observation 4	Transmission of sub-PRB PUSCH at a higher transmit power improves spectral efficiency.
Battery Lifetime improvement of sub-PRB PUSCH transmission
With increased power in sub-PRB PUSCH transmission the number of repetitions may be reduced, though with a higher power, but the power efficiency is supposed to be higher for this power level which in turn likely results in less battery energy for the same transmission. The battery energy consumption is further reduced since the baseband is “on” for a shorter time and there is hence less energy used in the baseband by the shorter sub-PRB transmissions. Improved battery lifetime benefits the UE, allowing for a longer UE lifetime, less frequent UE battery replacement or the use of a smaller UE battery.
[bookmark: _Ref85819031]Observation 5	Transmission of sub-PRB PUSCH at a higher transmit power improves UE battery lifetime.
Latency improvement of sub-PRB PUSCH transmission
Shorter sub-PRB transmissions will also improve latency of PUSCH transmissions, where the PUSCH transmission time is a significant constituent part of the overall latency associated with the traffic models defined in TR45.820 and the 5G mMTC KPIs. Reduced latency benefits the application, both in the UE and in the network.
[bookmark: _Ref85819038]Observation 6	Transmission of sub-PRB PUSCH at a higher transmit power reduces latency.
Summary of benefits sub-PRB PUSCH transmission
The previous sub-sections have discussed the benefits of sub-PRB PUSCH transmission at a higher power level than other UL channels. The benefits are summarized in Table 4.
[bookmark: _Ref85811409][bookmark: _Hlk85813111]Table 4 – 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.



[bookmark: _Ref85819745]Observation 7	Transmission of sub-PRB PUSCH at a higher transmit power benefits both the network and UE.
Enabling higher power sub-PUSCH transmissions in the specifications
One way to specify the higher power for sub-PRB PUSCH transmission would be to follow the framework of the Pi/2 BPSK power boosting for NR UE in TS38.101-1 as proposed in [4]. For example, a PC5 eMTC UE could be allowed to power boost sub-PRB PUSCH transmissions to 23dBm. This is, however, somewhat in conflict with the WI [3], which says “… study and if found feasible, specify support power reduction for PRACH, PUCCH, and full-PRB PUSCH …”.  
Another way to specify the higher power sub-PRB PUSCH transmissions would be to focus on PC3 and power reduction of full-PRB PUSCH, PRACH and PUCCH. For example, the MPR framework could be used to allow power reduction of these latter physical channels. For example, a PC3 eMTC UE would be able to transmit sub-PRB PUSCH at 23dBm and apply a 3dB power reduction to full-PRB PUSCH, PRACH and PUCCH transmissions. This would be more in line with the WI.
[bookmark: _Ref85819046]Proposal 1	RAN4 to study how to specify the increased relative power for sub-PRB PUSCH transmission. At least the following approaches can be considered:
· power boosting for sub-PRB PUSCH from a lower PC; or
· power reduction for full-PRB PUSCH, PRACH and PUCCH from a higher PC.
3 Conclusion
In this contribution, we have shared our views on max power reduction for PRACH, PUCCH, and full-PRB PUSCH. The following observations and proposals were given:
Observation 1	For CE Mode B, PUSCH would be the limiting channel for coverage if coverage were defined at a PUSCH data rate of 3kbps.
Observation 2	For CE Mode A, PUSCH is expected to be the coverage limiting channel.
Observation 3	Transmission of sub-PRB PUSCH at a higher transmit power can improve the overall cell coverage in both CE Mode B and CE Mode A.
Observation 4	Transmission of sub-PRB PUSCH at a higher transmit power improves spectral efficiency. 
Observation 5	Transmission of sub-PRB PUSCH at a higher transmit power improves UE battery lifetime.
Observation 6	Transmission of sub-PRB PUSCH at a higher transmit power reduces latency.
Observation 7	Transmission of sub-PRB PUSCH at a higher transmit power benefits both the network and UE.
Proposal 1	RAN4 to study how to specify the increased relative power for sub-PRB PUSCH transmission. At least the following approaches can be considered:
· power boosting for sub-PRB PUSCH from a lower PC; or
· power reduction for full-PRB PUSCH, PRACH and PUCCH from a higher PC.
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