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Introduction
In previous RAN4 meeting, extensive discussions on how to proceed the remaining work considering transparent scheme for power boosting have been done. Following agreements and study points are excerpted as below from [1]:
	Agreement: 
· Power boosting for QPSK is available under network control. A new UE capability is assumed for transparent power boosting for QPSK.  
· FFS if the same boosting can be applied for 2/pi BPSK with FDSS shall also be available under network control. The assumption is that legacy power boosting for 2/pi BPSK is not changed, and this is added to the QPSK new capability.  
· FFS if this new capability is a single capability or there will be independent capabilities for e.g. power boosting alone or with FDSS.

Agreement: 
· When boosting is enabled a UE shall only be allowed to boost/increase its output power from its nominal power class with a maximum of [1dB]. The tolerances for the nominal power class applies to the boosted power level.

Agreement:
· ACLR for the nominal power class apply when power boosting is enabled with a maximum of [1dB] of power boosting.
· For large cells the assumption is that the impact of the leakage increase from the power boosting is acceptable since the ACLR performance associated with the power boosting is better for the inner regions of the RB set.
· For smaller cells, which may be impacted by this leakage the network can choose to schedule the inner RBs, where ACLR performance associated with the power boosting is better, there is no impacting the smaller cells.

Agreement:
· If spectrum flatness requirements from clause 6.4.2.4 in 38.101-1 for QPSK cannot be met for the enhancement a new requirement shall be defined.
· FFS if there is different requirements for different RB regions intended for power boosting.

Agreement:
· Reuse the current RB region definition. i.e. outer/edge and inner.
· For the inner region define a new sub-set used for the enhancement.
· Other sub-set(s) regions are not precluded.

Agreement:
· Power boosting will be defined within the inner region.
· Power boosting is equivalent to [ΔPpowerboosting=1dB] applied to Ppowerclass.
· FFS on whether power boosting is define for outer region or other region.
· Whether or not to finalize outer region or other region does not impact the completion of WI


In this contribution, we would like to share further consideration based on the above RAN4 progress. 
Discussion 
Preference on power boosting
In a general view, power boosting can be considered as one promising way for pursuing greater UL performance. But like all other continuously evolving features, step-by-step manner shall be followed by 3GPP since the industry confidence can only be gradually founded upon solid solutions on how to solve anticipated/identified implementation difficulties. For the following part we would like to point out some issues while some of them are corroborated by measurement results.          
RF components feasibility analysis towards PC2 power boosting
Identified feasibility issues for TDD bands
In the early release of NR, there was an extensive discussion regarding how UE operating at NR band n41 should coexist with WiFi (ISM band) and E-UTRA at band 40. The “fly-back” effect at band 40 was identified as one challenge for filter design due to the proximity of those frequency ranges. The following figure is excerpted from [2] for better illustration.
[image: ]
Figure 1. The “fly-back” effect at band 40
Note that the filter design dedicated to NR band n41 has to consider multiple factors simultaneously including:
· Steep roll-off due to the required attenuation and the proximity between ISM band and n41.
· How to achieve good flatness performance across the whole band considering the large bandwidth of n41.
Obviously, trade-off in order to accommodate those difficulties with current RF components is inevitable even not with high transmission power. Further, if we consider power boosting on top of PC2, insertion loss at n41 will be the first to bear the brunt of maintaining the suppression at ISM band. Consequently, the spectrum efficiency of n41 will be the cost of such power boosting. Similar spectrum efficiency reduction issue for band n79 can be expected since it should also coexist with another frequency range for WiFi (adjacent to 5GHz).        
Observation 1: For PC2 power boosting at TDD bands like n41 and n79, the spectrum efficiency has to be traded off since current filter design could be the bottleneck considering at least following factors:
· Qualified flatness performance across the whole large bandwidth.
· Steep roll-off during the short gap to the adjacent frequency ranges in order to provide required attenuation for co-existence purpose.
We deliver following measurements to prove the above issue as we have described.
Table 1. 2.4GHz ISM band noise PSD lifting due to power boosting at band n41
	Vendor A module for Band n41

	Tx frequency
	2546MHz

	Tx signal bandwidth
	100MHz

	Measurement
	2.4GHz ISM band noise PSD (dBm/Hz)

	       Observation point
Tx power
	2460MHz
	2470MHz
	2480MHz

	PC2
	X
	Y
	Z

	PC2+1dB
	X + 3
	Y + 2.7
	Z + 2.8


As the information presented in table 1, we can find out that 1dB power boosting from PC2 will lead to ~3dB degradation on the noise PSD at 2.4GHz ISD band.
Observation 2: The measurements with commercial ready RF components show that there is ~3dB degradation of the noise PSD at 2.4GHz ISM band if 1dB power boosting is applied for PC2 @ band n41.  
Based on further measurements by utilizing commercial ready components, in order to maintain the original level of that noise PSD, insertion loss at CBW of Band n41 will increase ~0.5dB.   
Observation 3: Further measurements with commercial ready RF components show that extra ~0.5dB insertion loss at CBW in Band n41 would be the trade-off if the ~3dB degradation of the noise PSD at 2.4GHz ISM band due to 1dB power boosting based on PC2 is aimed to be accommodated to maintain the original co-ex performance.  
This issue will get more serious for band n79.
Table 2. 5GHz ISM band noise PSD lifting due to power boosting at band n79
	Vendor A module for Band n79

	Tx frequency
	4950MHz

	Tx signal bandwidth
	100MHz

	Measurement
	5GHz ISM band noise PSD (dBm/Hz)

	Observation point
Tx power
	5150 MHz
	5200 MHz
	5250 MHz

	PC2
	X
	Y
	Z

	PC2+1dB
	X + 2.8
	Y + 3
	Z + 4.3


As captured in table 2, we can find out that 1dB power boosting from PC2 will lead to 3~4dB degradation on the noise PSD at 5GHz ISD band. With that, ~1dB extra insertion loss will be encountered.
Observation 4: The measurements with commercial ready RF components show that extra ~1dB insertion loss at CBW in Band n79 would be the trade-off as the 3~4B degradation of the noise PSD at 5GHz ISM band will be introduced by 1dB power boosting based on PC2 and it is aimed to be accommodated to maintain the original co-ex performance.
Identified feasibility issues for PC2 power boosting on FDD bands
For FDD band power boosting, we should carefully examine the efforts that could be expected since commercial ready RF components including PA, filter, switch and duplexers may need well tuning or even enhancing in order to deliver higher transmission power considering in Rel-18 the discussion for FDD PC2 HPUE is still ongoing.
Table 3. n3 Rx band noise PSD lifting due to increased Tx power
	Vendor A module for Band n3

	Tx frequency
	1775MHz

	Tx signal bandwidth
	20MHz

	Measurement
	Rx band noise PSD (dBm/Hz)

	Observation point
Tx power
	1860MHz
	1870MHz
	1880MHz

	PC3
	X
	Y
	Z

	PC2
	X + 4.3
	Y + 4
	Z + 4.5

	PC2+1dB
	X + 5.7
	Y + 5.2
	Z + 5.7



Table 4. n5 Rx band noise PSD lifting due to increased Tx power
	Vendor A module for Band n5

	Tx frequency
	839MHz

	Tx signal bandwidth
	20MHz

	Measurement
	Rx band noise PSD (dBm/Hz)

	Tx power
	874MHz
	884MHz
	894MHz

	PC3
	X
	Y
	Z

	PC2
	X + 4.4
	Y + 4
	Z + 3.8

	PC2+1dB
	X + 5.9
	Y + 5.5
	Z + 5.3


The above measurement results can prove that more than 5dB noise generated from Tx to Rx will be introduced if we consider to increase the Tx power level from PC3 to PC2 + 1dB with the commercial ready RF components. In order to maintain the PC3 REFSENS performance, the isolation capability from duplexer should be approximately increased by 6dB. Obviously, around 6dB DL coverage performance degradation will be the cost just to support 1dB power boosting on top of PC2.     
Observation 5: The measurements with commercial ready RF components supporting PC3 for FDD band n3 and n5 show that more than 5dB isolation between Tx and Rx from duplexer must be considered if the Tx power will be increased to PC2 +1dB just to maintain the MSD performance of PC3.   
In previous meeting, there was a discussion on whether to introduce power boosting for PC2, operators emphasized their demands as recorded in [3]:
	Discussion:
Proposals:
· Introduce the power boosting for both PC2 and PC3.
Apple: focus on PC3. There is no time to finalize PC2. Not many analysis is done. We want to avoid the same case for PC2. We want to shift to Rel-19.
Huawei: Similar as Apple. At least for FDD band, the HPUE is conducted based on the assumption that 2Tx is assumed. It is to early to apply PC2.
Mediatek: we are aware of challenging. We are fine to finalize PC3. At the same time, we do respect the demand of operators. We can limit PC2 to inner region.
AT&T: for FDD, HPUE are based on both 1Tx and 2Tx. There is not preclusion of PC2.
Ericsson: Support to specify PC2 also. We will bring the input for PC2.
NTT DOCOMO: We also have interest in PC2 and PC3. We can focus on TDD band in Rel-18.
T-Moblie USA: We support including PC2.
Verizon: Share our strong request of both PC3 and PC2.
KDDI: We prefer to include PC2. Considering time limit, we can down-select the scope.
ZTE: Support including PC2.
Fujitus: support PC2.
Qualcomm: we provide the initial input for PC2. We would like to echo AT&T. There is strong demand.
Intel: Support PC2.
Spreatrum: We just accept PC3.


Even we don’t exaggerate the increasing power consumption for such power boosting, the aforementioned MSD degradation seems to be against operator demands.   
Observation 6: Operators’ demands on UL performance enhancement at FDD bands cannot be fulfilled by PC2 power boosting since it will cause MSD degradation that cannot be ignored. 
Besides, the increased power consumption along with the overheating risk that come with such power boosting are still non negligible problems from UE vendor perspective.   
Observation 7: The increased power consumption along with the overheating risk that come with such power boosting are still non negligible problems from UE vendor perspective.
In conclusion, we have the following proposal.
Proposal 1: Do not consider power boosting on top of PC2 with 1Tx.
Acceptable PC3 power boosting value
As for PC3, we have the following proposal with corresponding draft CR in [3].
Proposal 2: Power boosting can be considered for PC3 with the following conditions:
· Only for legacy inner region or a sub-set of the legacy inner region with maximum power boost 1dB.
· Do not consider other regions.
· It can be optionally indicated per band.
Conclusion
In this contribution we discussed on the Rel-18 further coverage enhancement by PAR&MPR reduction, we have the following observations and proposals:
Observation 1: For PC2 power boosting at TDD bands like n41 and n79, the spectrum efficiency has to be traded off since current filter design could be the bottleneck considering at least following factors:
· Qualified flatness performance across the whole large bandwidth.
· Steep roll-off during the short gap to the adjacent frequency ranges in order to provide required attenuation for co-existence purpose.
Observation 2: The measurements with commercial ready RF components show that there is ~3dB degradation of the noise PSD at 2.4GHz ISM band if 1dB power boosting is applied for PC2 @ band n41.  
Observation 3: Further measurements with commercial ready RF components show that extra ~0.5dB insertion loss at CBW in Band n41 would be the trade-off if the ~3dB degradation of the noise PSD at 2.4GHz ISM band due to 1dB power boosting based on PC2 is aimed to be accommodated to maintain the original co-ex performance.
Observation 4: The measurements with commercial ready RF components show that extra ~1dB insertion loss at CBW in Band n79 would be the trade-off as the 3~4B degradation of the noise PSD at 5GHz ISM band will be introduced by 1dB power boosting based on PC2 and it is aimed to be accommodated to maintain the original co-ex performance.
Observation 5: The measurements with commercial ready RF components supporting PC3 for FDD band n3 and n5 show that more than 5dB isolation between Tx and Rx from duplexer must be considered if the Tx power will be increased to PC2 +1dB just to maintain the MSD performance of PC3.   
Observation 6: Operators’ demands on UL performance enhancement at FDD bands cannot be fulfilled by PC2 power boosting since it will cause MSD degradation that cannot be ignored. 
Observation 7: The increased power consumption along with the overheating risk that come with such power boosting are still non negligible problems from UE vendor perspective.

Proposal 1: Do not consider power boosting on top of PC2 with 1Tx.
Proposal 2: Power boosting can be considered for PC3 with the following conditions:
· Only for legacy inner region or a sub-set of the legacy inner region with maximum power boost 1dB.
· Do not consider other regions.
· It can be optionally indicated per band.
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