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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. One of the objectivces of this WI is to study and if needed specify power domain enhancements:
· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
In this contribution, we discuss and share our views on MPR/PAR reduction.
Discussion on MPR/PAR reduction
The MPR reduction can potentially enhance the UE PA efficiency, therefore the UL coverage could be improved. In the past meetings, couple of non-transparent schemes were discussed to achieve MPR/PAR reduction, where for all schemes DFT-s-OFDM is the target waveform. Those schemes are mainly frequency domain spectrum shaping with/without spectrum extension (FDSS-SE), and tone reservation (TR). More precisely, it was agreed in RAN1#111 that:

Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
Agreement
For the study of the PAPR/CM of DMRS when considering tone reservation as candidate enhancement for MPR/PAR reduction in Rel-18, RAN1 to consider at least the case that PRTs are added to the DMRS symbols (in the sideband). The case of PRTs not added to DMRS symbols can be used as a benchmark.

Here we should note that non-transparent schemes have an impact on SNR loss, and that’s why evaluation results for MPR reduction techniques shall consider a net gain from SNR loss and MPR reduction gain. RAN4 specification already shows an upper bound on the maximum MPR reduction gain, which in general is a function of waveform, modulation order, PRB allocation region within the channel, etc. See Fig. 1 for more details.
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Fig.1: Upper bound for MPR reduction gain for UE PC3 [38.101-1]

Typical allocations for a UE in deep coverage comes with a small number of PRBs, low MCS, and reasonably inner band RB allocation, for which MPR is already 0dB. For such allocations, there is no MPR gain while non-transparent schemes still impose a SNR loss. Here we run a link level simulation for MCS=2, 6PRB in-band, and 2 PRBs for spectrum extension (so total number of allocated RBs is 8). For this evaluation, we don’t apply spectrum shaping and we only study SNR loss due to lower coding gain in spectrum extension, which is a result of reading from circular buffer for only 6 PRBs and performing extension/repetition for some of the coded symbols over 2 PRBs, rather than reading from circular buffer for all 8 PRBs. As the BLER Fig. 2 shows, such a procedure results almost 0.5dB SNR loss for frequency extension, if we assume receiver applies change to read the extended PRBs. In case receiver is a legacy receiver and only reads 6 PRBs, the loss goes around 1dB, as expected due to higher code rate.
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Fig.2: SNR loss due to frequency extension


In our companion papers in RAN4 [2, 3], we provide detailed analysis on available simulation results on MPR reduction schemes from various sources/companies, where it is shown that net-gain from non-transparent schemes over transparent schemes is marginal, or even there is no gain for some of the considered scenarios, but a loss is observed. In the lack of a clear gain, transparent schemes for PAPR reduction are preferred. Based on this discussion, we have the following proposals:

Proposal 1: Do not support non-transparent MPR reduction schemes in Rel-18.

Discussion on UE power high limit
In current specification (see for example 38.101-1, clause 6.2.1), if a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class, under some conditions UE may switch to a higher power class, otherwise has to stay in default (i.e. PC3) power class. Some of those conditions are based on the percentage of uplink symbols transmitted in a certain evaluation period, where based on current specification, the evaluation period is up to UE implementation, and no less than one radio frame. This may end of with a situation that NW does not know when UE may switch the power class and/or how long UE may keep current power class. In RAN1#111, it was agreed that 
Agreement 
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.

Later in RAN1#112, the above agreement was refined as below:

Agreement (112)
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.

In order to enhance existing mechanisms between UE and gNB to facilitate high power for non-CA scenario and also CA/DC scenario, we have the following proposal:

Proposal 2: Any event that results a change in power class will trigger an aperiodic PHR. Examples of such events are SAR (specific absorption rate) regulatory requirements (which is transparent to NW) 
Conclusion
In this contribution, we provided our views on MPR reduction techniques and high power UE. Based on what we discussed, the following proposals are made:  
Proposal 1: Do not support non-transparent MPR reduction schemes in Rel-18.
Proposal 2: Any event that results a change in power class will trigger an aperiodic PHR. Examples of such events are SAR (specific absorption rate) regulatory requirements (which is transparent to NW) 
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Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

Modulation MPR (dB)
Edge RB allocations Outer RB allocations Inner RB allocations
DFT-s- Pi/2 BPSK <35' <1.2' <02'
OFDM
<052 <052 02
Pi/2 BPSK w Pi/2 <05 02 0?
BPSK DMRS
QPSK =1 0
16 QAM s2 s1
64 QAM <25
256 QAM <45
CP-OFDM QPSK <3 <15
16 QAM <3 s2
64 QAM <35
256 QAM <6.5
INOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE
capability powerBoosting-pi2BPSK and if the |E powerBoostPi2BPSK is set to 1 and 40 % or less slots in
radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0
dB MPR is 26 dBm.
INOTE 2:

Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79
with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in
radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79.
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