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1 Introduction
In [1], there is one objective related to RF work in RAN4 as below:
· 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 paper, we present our preliminary view on the foreseen RF impact for this objective.
2 Discussion
Sub-PRB feature was introduced in Rel-15[4]. The objective in Rel-17 asks the investigation of a new UE behaviour, which in our current understanding may imply that: 
· The maximum output power would only be possible for sub-PRB allocation for PUSCH transmission, for other channel transmission, PRACH, PUCCH and full-PRB PUSCH transmission, the output power would be back-off and the magnitude of the back-off power needs to be investigated.  
The potential new UE behaviour needs to be investigated and discussed in terms of the network impact, UE implementation and potential RAN4 work scope.

2.1 Network impact

As the rated UE power is used to calculate the maximum coupling loss or the coverage of the cell, the amount of back-off power of the PRACH, PUCCH and full-PRB PUSCH transmission will translate into an MCL loss. 
Table 1: Link budget for different physical channel of LTE-M [2]
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Table 1 shows the link budget and expected gain for the targeted MCL in CE mode, the power reduction on the PRACH, PUCCH and full-PRB PUSCH transmission will translate to the MCL loss and thus the coverage loss. Compared to the same power class UE which has no power reduction on full RB transmission, there will be in general a coverage loss for such new behaviour UE.

Observation#1: If the output power were kept the same for PUSCH sub-PRB but reduced for PRACH, PUCCH and full-PRB PUSCH, there will be an MCL loss for the channels subject to a power reduction which translates into a coverage loss.
Another way to achieve the apparently pursued behaviour (subPRB power boost relative to full-PRB power) in the WID objective is to only boost the transmit power of the subPRB allocation while the PRACH, PUCCH and full-PRB PUSCH power is kept the same as specified for certain rated power class. One similar case is the Pi/2 BPSK power boosting for NR UE in TS38.101-1.  However, only boosting the subPRB transmission may not benefit the coverage as the MCL of full-PRB PUSCH and other physical channels than subPRB will remain the same.
Observation#2: If only PUSCH sub-PRB transmissions were boosted, there might not be benefits in terms of coverage since the MCL of full-PRB PUSCH and other physical channels would remain the same.
From a resource utilization perspective, whenever the PSD power is boosted by 3dB, the repetition level could be halved in coverage enhancement mode. However, this needs to be investigated and confirmed with simulations. Table 2 below shows the simulation assumption for the CE mode A for different number of the subcarrier. The SINR for ℼ /2-BPSK is around 4.6 dB higher for QPSK, this means that even with a 3dB power boosting, performance-wise (BLER versus SINR) there is no gain for the network schedule ℼ /2-BPSK compared with QPSK. 

Observation#3: From a resource utilization perspective, simulation results showed that even if a 3dB power boosting were applied to sub-PRB using ℼ /2-BPSK no gain would be observed with respect to a non-boosted sub-PRB transmission using QPSK.
Table 2: Simulation assumptions and performance comparison of 1, 3 subcarriers in CE mode A
	

	TBS (bits)
	56
	56
	72
	72

	Modulation
	ℼ/2-BPSK
	QPSK
	ℼ/2-BPSK
	QPSK

	Number of subcarriers
	3 (2-of-3)
	3
	1
	3

	RU length (ms)
	8
	4
	8
	4

	Number of RU per repetition
	1
	1
	2
	1

	Number of repetitions
	4
	8
	2
	8

	Total transmission length (maximum total number of (valid) subframes of transmission)
	32
	32
	32
	32

	10% BLER (SINR)
	5.36 dB
	10.09 dB
	4.88 dB
	9.67 dB


Proposal-1: RAN4 to investigate the potential gains and any foreseen drawbacks (e.g., on non-sub-PRB allocations) from boosting the power of the subPRB allocation for a certain power class UE.

2.2 UE RF impact
Current RF specification of 36.101 specify the general power reduction for all uplink physical channel and not for a specific channel. For QPSK modulation, the maximum allowed MPR is 1dB for certain RB allocation to maintain a reasonable performance at cell edge. Reducing the control channel power by 3dB relative to its rated power for control channel will not guarantee the cell edge performance and thus loose the meaning of the rated power class definition. The current objective of defining the PRACH, PUCCH and full-PRB PUSCH transmission power is against the normal UE rated power behaviour, meanwhile it does not seem to bring any gain on the network coverage according the discussion on the previous chapter.
Observation#4: reducing the full-PRB transmission power generally is against the UE rated power definition.
As mentioned in section 2.1, another way to achieve a similar UE behaviour as the one stated in the objective in WID[1] is to boost the power of subPRB allocation while keeping the PRACH, PUCCH and full-PRB PUSCH transmission power the same as the rated power class as specified in TS 36.101. This is a similar UE power boosting behaviour as the one of an NR UE for pi/2 BPSK,
Proposal-2: Follow the framework of NR pi/2 BPSK power boosting if RAN4 decides that there is an overall gain from the subPRB boosting.

To study the power boosting for subPRB transmission, the PAPR characteristic should be investigated first. The PAPR for the 2-tone out of 3 of sub-PRB transmission for DMRS + DATA is around 1.1 dB without windowing and 0.3 dB with windowing [3]. This is a big PAPR reduction from around 8 dB@10-4 for DFT-s-OFDM for uplink transmission. Such PAPR reduction could be used to improve the PA efficiency as one option. The envelop tracking (ET) technique could be used to improve the power amplifier efficiency and thus the battery life could be extended. For another option, the PA operating point is set according to the sub-PRB transmission PAPR. This could mean for the same PA designed to support 16QAM transmission, there could be more power delivered to antenna port thus the power boosting for low PAPR signal could be achieved. 

Observation#5: If RAN4 decided for the subPRB power boosting, it will be possible to boost power for 2 out 3 tone subPRB transmission thanks to low PAPR characteristic.
The CAT-M2 PC3 has currently 0.5 dB MPR on subPRB BPSK transmission in TS 36.101 and thus it is not be possible to power boost on this. The focus thus should be on CAT-M1 device for which there is no MPR needed for PC3. The LTE-M has the use case of the electronic wearables which means the low power class CAT-M device would benefit on the potential power boosting. 
Proposal-3: Focus on PC5 CAT-M1 device for the potential power boosting to PC3 on subPRB transmission.

2.3 RAN4 workplan
The workplan is as follows:
1. 98bis-e: Discuss the WID objective. 

a. Discuss the network and potential drawbacks of supporting power reduction for PRACH, PUCCH, and full-PRB PUSCH below sub-PRB PUSCH power
b. Discuss alternatives to fulfil Rel-17 objective for supporting power reduction for PRACH, PUCCH, and full-PRB PUSCH below sub-PRB PUSCH power
2. 99e: Agree on simulation assumption for the network simulation for subPRB boosting

3. 100e: Align the simulation result and decide on whether or not continue with subPRB boosting.
a. Discuss subPRB transmission configuration which could be power boosted, e.g 2 out of 3 BPSK transmission or other.

b. Discuss which power class UE should be in scope of the RF work, e.g PC5 CAT-M1.
4. 100bis: Continue UE RF impact (MPR, A-MPR) analysis and possible CR to specification
5. 101: CR to specification.

Proposal-4: RAN4 discuss and agree the workplan for Rel-17 LTE-M. 
3 Conclusions

In this contribution, the objective of Rel-17 for enhanced sub-PRB feature is discussed with below observations and proposal:
Observation#1: If the output power were kept the same for PUSCH sub-PRB but reduced for PRACH, PUCCH and full-PRB PUSCH, there will be an MCL loss for the channels subject to a power reduction which translates into a coverage loss.
Observation#2: If only PUSCH sub-PRB transmissions were boosted, there might not be benefits in terms of coverage since the MCL of full-PRB PUSCH and other physical channels would remain the same.

Observation#3: From a resource utilization perspective, simulation results showed that even if a 3dB power boosting were applied to sub-PRB using ℼ /2-BPSK no gain would be observed with respect to a non-boosted sub-PRB transmission using QPSK.

Proposal-1: RAN4 to investigate the potential gains and any foreseen drawbacks (e.g., on non-sub-PRB allocations) from boosting the power of the subPRB allocation for a certain power class UE.

Observation#4: reducing the full-PRB transmission power generally is against the UE rated power definition.
Proposal-2: Follow the framework of NR pi/2 BPSK power boosting if RAN4 decides that there is an overall gain from the subPRB boosting.

Observation#5: If RAN4 decided for the subPRB power boosting, it will be possible to boost power for 2 out 3 tone subPRB transmission thanks to low PAPR characteristic.

Proposal-3: Focus on PC5 CAT-M1 device for the potential power boosting to PC3 on subPRB transmission.

Proposal-4: RAN4 discuss and agree the workplan for Rel-17 LTE-M. 
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