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1	Introduction
In RAN4#101bis-e, a WF on Pi/2 BPSK was agreed [1]. Good progress has been made with only two issues left for further discussions. One issue is about the minimum requirement on the amount of power boost, and the other issue is related to the optimisation of RB regions for the MPR specification. In this paper, we share our views for the remaining issues.
2	Discussion
2.1 PC2 Power Boosting above MPR0
The following three options were discussed in the last meeting without definite conclusion. 
· Option 1: For 1Tx PC2 PAs, the power boost should be limited to within 1dB. (R4-2200954, R4-2201837)
· Option 2: Due to practical considerations restrict power boost to maximum of 2dB above PC2 0dB MPR. Also, restrict the maximum number of uplink transmission slot to 25% (R4-2202029)
· Option 3: Due to practical considerations:
· FFS maximum power boost restricted over the range [1 to 2] dB, i.e. 1MPR2dB w.r.t 29dBm;
· FFS restrictions on the percentage of the maximum number of uplink transmission slots in a radio frame.


It has been pointed out that the maximum possible power boost is not only limited by the PA capability, but also constrained by other practical considerations such as the peak current of power supply, power handling capacity of filters, switches, diplexers, etc as well as thermal runaway issues. If the Tx power is boosted by 2 dB (i.e. >=28 dBm at the antenna port), the PA output power would need to be more than 32 dBm, given 4 dB insertion loss.  Furthermore, the PA gain (small signal) typically decreases with RF frequency. Hence the input power to the PA, i.e. the output power of the RFIC would have to be more than 10 dBm for high bands such as n77/n79. This already imposes great challenges to the implementation of the whole RF chain, let alone the long-term reliability. A comprehensive analysis on the potential impact has been contributed by Skyworks in [2].
Observation 1: For DFT-s-OFDM waveforms with Pi/2 BPSK modulation, it might be possible to boost the PC2 PA power by 1~2dB. However, the higher the power is boosted, the larger challenge it imposes on the PA/PMU, RFIC as well as other front-end components in terms of stability and sustainability.
Typically, 3GPP defines the minimum requirements and leaves some margin for different implementations. Therefore, we believe ≤1 dB power boost is a reasonable trade-off.
Proposal 1: The minimum requirement on PC2 power boosting is ≤ 1dB, i.e. MPR ≥ 2dB w.r.t. 29dBm. And a UE is allowed to boost more than 1 dB if it’s able to.
Since the MPR0 reference for power boosting is 29 dBm, a max duty-cycle of 25% would make the average power equal to 23 dBm, which is good for SAR compliance. Given the practical constraints, it’s unlikely for the boosting value to be more than 2 dB in practice, i.e. up to 28 dBm, hence some margin could be left.
Proposal 2: The percentage of the maximum number of uplink transmission slots in a radio frame is <= [25%].

2.2 Optimisation of RB regions for MPR specifications
In [2] and [3], the “V-shaped” lines were reported on the MPR plots for large CBWs, where a sudden increase of MPR is required. Using our PA model, we also observe the same phenomenon for large CBWs. For example, Figure 1 shows the V-shaped lines on the MPR plot for 100MHz CBW.

Figure 1: MPR for CBW 100MHz SCS 30kHz Pi/2 BPSK DFT-s-OFDM. The V-shaped lines are shown.

Apart from simulations, the existence of such V-shaped lines were verified by measurements in [2]. It’s reasonable to avoid power boosting at those RB allocations.
So far numerous simulation/measurement results have been provided by various companies, which are largely captured in the latest TR[4]. Based on those results, the following can be observed.
Observation 2: For the inner centred region, the Tx power can be boosted with no/moderate filtering, while moderate/aggressive filtering is needed for other regions.
Observation 3: The loss of Rx performance (e.g. Rx SNR@10%BLER) increases with the aggressiveness of the filter. More than 1 dB loss was reported for the aggressive 3-tap filter [0.335, 1, 0.335].
Observation 4: The net gain for the inner centred region should be the most and it diminishes in other regions.
Observation 5: The study of power boosting has been focused on small number of RBs such as 2/4/8/16/64, which are the typical use cases for cell edge UEs.
Based on the above observations, we believe that the power boost should be focused on the inner centred region. The scheme proposed in [5] seems over-complicated and difficult for implementation as well as conformance tests. On the other hand, the new edge/out/inner classification in [2] appears to be simpler and practical. We tend to support simpler classification schemes, and the exact definitions of the new regions can be left for the WI stage to allow more time for refinement as well as verification. An example scheme is illustrated in Figure 2 below.
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Figure 2: Illustration of New MPR regions for Pi/2 BPSK power boosting.

Proposal 3: Adopt simpler RB classification scheme such as new-inner, new-outer and edge allocations. The exact definitions are left for the WI stage to allow more time for refinement and verification.
As to the MPR requirements for different regions, we propose the values in Table 1 below.
Table 1: Proposed MPR of Pi/2 BPSK for PC2 1Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK with Pi/2 BPSK DMRS1
	≤ 6.5
	≤ 2.5 
	≤ 2 

	NOTE 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 IE powerBoostPi2BPSK is set to 1 and 25% or less slots in radio frame are used for UL transmission for bands n34, n39, n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 29 dBm.



Proposal 4: Define the MPR requirements of Pi/2 BPSK for PC2 1Tx as in Table 1.
The dual Tx architecture is another option for implementing PC2, i.e. using two PC3 PAs. Since the total power is split between two transceiver branches, it may have some advantage in peak current/power demand over the 1Tx architecture. On the other hand, it could need extra back-off due to the RIMD effect. 
As seen from the power boosting requirements in the PC3 MPR table, the Tx power after boosting is close to PC2. When two PC3 PAs are boosted simultaneously, it’s similar to the case of PC1.5 with dual Tx (i.e. two PC2 PAs w/o boosting). Hence one candidate option is to apply PC1.5 with dual Tx MPR requirements for the power boosting of PC2 with dual Tx (i.e. two PC3 PAs with boosting). However it needs to be verified by measurements.
Proposal 5: Further study the power boosting requirements for PC2 with dual Tx. More measurements are needed. This can be done in the study phase of the future WI, or the SI is extended by one quarter, which can be discussed in RAN#95-e.
3	Conclusion
The following observations/proposals for PC2 REFSENS/MSD have been presented.
Observation 1: For DFT-s-OFDM waveforms with Pi/2 BPSK modulation, it might be possible to boost the PC2 PA power by 1~2dB. However, the higher the power is boosted, the larger challenge it imposes on the PA/PMU, RFIC as well as other front-end components in terms of stability and sustainability.
Proposal 1: The minimum requirement on PC2 power boosting is ≤ 1dB, i.e. MPR ≥ 2dB w.r.t. 29dBm. And a UE is allowed to boost more than 1 dB if it’s able to.
Proposal 2: The percentage of the maximum number of uplink transmission slots in a radio frame is <= [25%].
Observation 2: For the inner centred region, the Tx power can be boosted with no/moderate filtering, while moderate/aggressive filtering is needed for other regions.
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Observation 4: The net gain for the inner centred region should be the most and it diminishes in other regions.
Observation 5: The study of power boosting has been focused on small number of RBs such as 2/4/8/16/64, which are the typical use cases for cell edge UEs.
Proposal 3: Adopt simpler RB classification scheme such as new-inner, new-outer and edge allocations. The exact definitions are left for the WI stage to allow more time for refinement and verification.
Proposal 4: Define the MPR requirements of Pi/2 BPSK for PC2 1Tx as in Table 1.
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