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1.0 Introduction
In this paper, RAN4 will treat the SI Optimizations of pi/2 BPSK uplink power in NR’ in Rel-17.
Suggested email discussion for 1st round is as follows:
· 1st round: RAN4 to discuss:

· Topic #1-1: UE TX issues 
· Topic #1-2: Pulse shaping filters 
· Topic #1-3: General and workplan 


Main technical topic overview. The structure can be done based on sub-agenda basis. 
1.1 Company contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117471
	Nokia, Nokia Shanghai Bell
	Observation 1: 1+D filter scheme used in simulations requires specifying the shaping filter function, all other schemes do not require specification changes.
Observation 2: Link loss due to more aggressive spectral shaping filtering is higher with small bandwidths.
Observation 3: Link loss due to 1+D filter is low with 2-4 PRBs but higher with 8-16 PRBs. 
Observation 4: Using shaping aware receiver the link loss of three tap filters is lower than link loss of 1+D with higher bandwidth.
Observation 5: For given number of PRBs, the performance difference between the used filters is quite similar for all the channel models.

	R4-2117472
	Nokia, Nokia Shanghai Bell
	Observation 1:  The most aggressive filters have up to 0.6-0.8 dB loss with respect to the less aggressive filters in the small allocations Observation 2: For allocation sizes ≤ 16 PRB, less aggressive filters perform better than aggressive filters in terms of achievable output power and link performance.
Observation 3: There is not a single solution for all the evaluated cases. Depending on the allocation configuration, different filters (i.e., more or less aggressive) perform differently.

Proposal 1: Keep the Rel-15 approach (i.e. transparent spectral shaping to gNB receiver) in Rel-17 where both DMRS and data are shaped and the actual pulse shaping filter is left for UE implementation
Proposal 2: Keep the current spectral flatness requirements for large PRB allocations (e.g. ≥ 16 PRBs)
Proposal 3: Consider tighter spectral flatness requirements for small PRB allocations (e.g. <16 PRBs) to optimize the net gain 

	R4-2117473
	Nokia, Nokia Shanghai Bell
	Observation 1: For all the tested channel bandwidth, and allocation configurations, there are filters that conform to 38.101-1 Rel-16 requirements that offer larger or same output power than the [1+D] filter with DMRS shaping.
Observation 2: For all the tested channel bandwidth, and allocation configurations, there are filters that conform to 38.101-1 Rel-16 requirements that offer larger or same output power than the [1+D] filter without DMRS shaping.
Observation 3: When comparing [1+D] results with and without DMRS shaping, it can be noted that in most of the cases DMRS without shaping offers smaller output power. 
Observation 4: Triangular filters have very similar performance to their closer 3-tap filter in frequency shape.
Observation 5: There is not a single solution for all the evaluated cases. Depending on the allocation configuration, different filters (i.e., more or less aggressive) perform differently.
Observation 6: For smaller allocations (e.g., ≤ 16 PRB), less aggressive filters show the best performance in terms of output power.
Observation 7: [1+D] filter with or without DMRS shaping does not present transmitter gain.

	R4-2117474
	Nokia, Nokia Shanghai Bell
	Proposal 1: Keep the Rel-15 approach (i.e. transparent spectral shaping to gNB receiver) in Rel-17 where both DMRS and data are shaped and the actual pulse shaping filter is left for UE implementation.

Proposal 2:  Update spectral flatness requirements in section 6.4.2.4.1, TS 38.101-1 in the following way:
• Define tighter spectral flatness requirements for small allocations (e.g. <16 PRBs) in the center of the channel band 
• Keep the spectral flatness requirements large allocations (e.g. ≥16 PRBs).  

Proposal 3:  Update MPR tables (at least Table 6.2.2-2) in TS 38.101-1.

Observation 1:  There is no need to update ACLR requirements at least for PC2.

	R4-2117610
	Indian Institute of Tech (H)
	Observation: The loss due to 1+D spectrum shaping does not exceed 0.3 dB.

	R4-2117644
	Qualcomm Incorporated
	 Company contributions for TR from previous meetings

	R4-2117968
	Apple
	Observation 1: According to simulations the conventional MPR classification regarding edge, outer and inner allocations is not suited for power boosting. A more sophisticated approach with defining specific allocations regions seems to be necessary.
Proposal: As the conventional classification for edge, outer and inner MPR does not fit for power boosting we propose to consider the definition of special regions for power boost with dedicated power backoff requirements. 
Observation 2: The fundamental idea of spectral shaping and power boost is to reuse existing power amplifiers. Agreements on power boost must take physical limitations of the hardware into account to avoid the need of specialized amplifiers. 

	R4-2118043
	Intel Corporation
	Observation 1: For Inner RBs, the MPR is nearly identical for the three filters considered [0.2 1 0.2], [0.28 1 0.28] and [0.335 1 0.335]. 
Observation 2: For Inner RBs, the MPR for filtered Pi/2BPSK represents 0.8dB additional power that the UE PA can deliver compared to QPSK.
Observation 3: More aggressive roll-off filters only improve UE PA output power for the RBs near the edge.  For inner RBs and non-edge RBs the sharper filter does not provide significant increase in output power.
Observation 4: Since BS Rx show additional SNR loss for more aggressive roll-off filters the small improvement in UE PA output power is cancelled out.  Overly aggressive roll-off filters decrease total link performance.  Therefor a less aggressive filter such as [0.2 1 0.2] is optimal. 
Proposal 1: Filtered Pi/2BPSK analysis should emphasize less aggressive filters such as [0.2 1 0.2] in the future.

	R4-2118044
	Intel Corporation
	Observation #1:
1) Pulse shaping result in PUSCH demodulation performance loss with larger performance degradation observed for more aggressive filters. Up to 2.2 dB SNR loss is observed for [0.335 1 0.335] filter.
2) The largest degradation is observed for small PRB allocations and the reduces in case of using larger PRB allocations
3) There is a negligible performance loss dependency on channel model at least with practical receive processing
Observation #2: If gNB is not aware whether UE applies pulse-shaping or not, PUSCH performance may degrade up to 2.2 dB for small RB allocations.
Observation #3: Under same spectral efficiency assumptions QSPK schemes slightly outperforms pi/2 BPSK without pulse-shaping.  pi/2 BPSK with pulse-shaping may have > 2 dB link-level performance loss comparing to QPSK

	R4-2118078
	Indian Institute of Tech (H)
	Proposal: pi/2-BPSK DFT-s-OFDM reference waveform can achieve 32 dBm transmit power using single Tx while satisfying the ACLR constraints. 

	R4-2118549
	Huawei,HiSilicon
	Observation 1: For Pi/2 BPSK waveforms, about 1 dB extra power compared with PC2 MPR0 is feasible, given practical implementation constraints.
Observation 2: For the majority of the inner region, the power capability is not affected much by the spectral shaping filters.
Observation 3: Increasing the filter attenuation might boost the power for the outer region, but the power capability of the inner region, especially the small RB allocations near the channel edges could be reduced.
Observation 4: The MPR performance difference caused by different spectral filters is small, no more than around 1 dB.
Proposal 1: For optimal power boosting performance, UE may apply different spectral shaping filters for different RB allocations. Hence transparent filtering is preferred.
Observation 5: The existing EVM spectrum flatness requirements (in range 2) may need to be relaxed if more aggressive spectral shaping filtering is needed.
Proposal 2: Aggressive filtering may help boost the power for certain RB regions, but the net gain that combines both the transmitter and receiver performances should be the deciding criterion.
Proposal 3: If transparent spectral shaping is adopted, it is unnecessary to define different spectral flatness requirements for small/large PRB allocations. It should be left for UE implementations.

	R4-2119486
	Skyworks Solutions Inc., Nokia

	Observation 1: The device under test could not deliver output power levels greater than 2dB above the PC2 0dB MPR despite injecting input waveform power levels in the range of +10dBm. At such input levels, the RF transceiver performance and impact on overall system performance should be carefully evaluated. PA technology should be carefully reviewed.

Observation 2: The impact of higher PA output power levels on the RF-FE components technology (e.g. thermal dissipation considerations, peak power impact on filters, couplers, power detectors, antenna switches, peak current impact on DC-DC converters, etc.) should be further studied.

Observation 3: With reference to the PC2 0dB MPR power level, preliminary measurements indicate that:
- Edge allocations may not be power boosted. 1RB0 may need some power back-off;
- Several outer and inner allocations may enjoy only very low or no power boosting; and
- Up to 2dB power boosting for RB allocations in the center of the PC2 inner region may be achieved. This is also the case for a limited set of outer allocations.

Proposal 1: Based on observations 1 and 2, we propose to further study RF-FE technological limits to Pi/2 BPSK power boosting. 

Proposal 2: Based on measurement observation 3 and simulation results from [1], we propose to further study new definitions of the Edge/Outer/Inner region contours to define PC2 Pi/2 BPSK MPR tables:
1. FFS expanding the Edge RB allocation region; and
2. FFS redefining/shrinking the Inner RB allocation region that may benefit from optimal power boosting.



1.2 Open issues summary
· Topic #1-1: UE TX issues
· Topic #1-2: Pulse shaping filters
· Topic #1-3: TP on optimization of pi/2 BPSK uplink power in NR


1.2.1 Topic #1-1
Topic description: UE TX issues
Issue 1-1-1:  Output power capabilities of pi/2 BPSK DFT-s-OFDM signals. 

· Proposals
· Option 1: Absolute target output power for pi/2-BPSK DFT-s-OFDM to be established
· Reference waveform can achieve 32 dBm transmit power using single Tx while satisfying the ACLR constraints (R4-2118078)

· Option 2: (Moderator’s alternative) Establish that power boost is ≤ 2 dB relative to PA’s MPR0 value. Final value to be discussed further. Moderator’s alternative is based on the following company submissions:
· R4-2118078 has shown a boost of 1.6 dB on one device at room temperature
· (moderator’s comment: MPR0=30.2 dBm and maximum output power is 31.8 dBm for an ACLR=-31 dB)
· R4-2119486, “The device under test could not deliver output power levels greater than 2dB above the PC2 0dB MPR ….”
· R4-2112282, “Measurements on a PC2 PA revealed that Pi/2 BPSK waveforms can deliver approximately 1 dB of extra power compared to PC2 MPR0 power”


	Company
	Comments

	Nokia, NSB
	Support Option 2

	Huawei
	Option 2 is more agreeable. To be precise, we think <= 1 dB relative to PC2 MPR0 is more feasible given practical implementation constraints, including heat dissipation, availability of other RF components that can handle higher power, etc.

	Qualcomm
	Support option 2

	Intel
	We agree that absolute target output power for pi/2-BPSK DFT-s-OFDM needs to be established. Our simulation results show that a PA can achieve ≤ 3 dB extra power compared to the PC2 MPR0 value.  Apple shows up to 3.5dB extra power.  We do expect physical measurements to be somewhat degraded.  For now, we prefer to further study the source of the degradations.  We prefer not to limit the power boost to ≤ 2 dB.
Also, should the target power be different for PC2 and PC1.5?

	Skyworks
	We support Option 2.

	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	We would like to see the maximum power achievable for this waveform. The option 2 does not clearly tell us the maximum achievable power. Given the results and multiple companies showing high power capability of this waveform, we would like to see the actual value specified. 

	MediaTek
	Support option 2

	Apple
	Option 2





Issue 1-1-2:  Reclassification of RB regions for MPR specifications used for pi/2 BPSK signals
· Proposals (multiple options can be chosen)
· Option 1: Revisit edge, outer and inner RB allocations for MPR classification as mentioned in (R4-2119486, R4-2117968)
· Option 2: Other


	Company
	Comments

	Nokia, NSB
	Support Option 1. PRB allocation size should also be taken into account in considerations.

	Huawei
	Option 1 is ok, but this is related to issue 1-2-3 and the details can be left to the WI stage.

	Qualcomm
	Option2: further analysis is required to see whether RB regions need to be reclassified.

	Intel
	Option 1 – Agree to revisit the RB allocations.  The A1, A2 region shown by Apple in R4-2117968, could help operators pi/2 BPSK focus on the regions that optimize link performance while avoiding the difficult EVM/IBE limited regions.

	Skyworks
	Option 1: measurements indicate that, to enable maximum power boosting, Egde/outer/inner RB allocation regions needs to be redefined. This is also clearly visible on Nokia and Apple simulation data.

	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	We can handle these in WI stage. 

	Apple
	Option 1




1.2.2 Topic #1-2
Topic description: Pulse shaping filters

Issue 1-2-1: Transparent spectral shaping
· Proposals 
· Option 1: Keep the Rel-15 approach as mentioned in:
· (R4-2117472) – Both DMRS and data are shaped and the actual pulse shaping filter is left for UE implementation
· (R4-2118549)- For optimal power boosting performance, UE may apply different spectral shaping filters for different RB allocations. 

· Option 2: Other, please include justification


	Company
	Comments

	Nokia, NSB
	Support Option 1, i.e. keeping transparent approach.

	Huawei
	 Same as Nokia.

	Qualcomm
	Support option 1

	Intel
	Option 2: We agree that both DMRS and data shall be shaped. We are open to further study on filter transparency.  Signalling the use of filtering characteristics could help the BS RX equalization performance.  Link Level simulations are required to determine potential improvements from signalling.
We are ok to study if UE may apply different spectral shaping filters for different RB allocations.


	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	Both data and DMRS are filtered. Our proposal is that filter is explicitly specified in order to avoid any implementation sub-optimalities. 

	Apple
	Option 1





Issue 1-2-2:  Changes to spectral flatness requirement
· Proposals 
· Option 1: Specify different spectral flatness requirements based on PRBs. For example, #PRBs<16  (R4-2117472, R4-2118043)
· Option 2: Maintain current Rel-16 specification (R4-2118549)
· Filter specification for different PRB’s is up to UE implementation (R4-2118044) (R4-2118549)
· Spectral flatness requirement is common to all PRBs (R4-2118549)


	Company
	Comments

	Nokia, NSB
	Support Option 1. Leaving filtering to UE implementation according to Option 2 does not guarantee optimal performance. Having specification requirement based on PRBs means also that gNB receiver can be designed based on proper assumptions in all cases leading to optimized coverage performance.

	Huawei
	Slightly prefer option 2. We have observed that less filtering mainly helps small PRB allocations that are near the edges of the CBW. But the MPR improvement is not significant. So it seems unnecessary to change the spec and the optimisation can be left for implementation. 

	Qualcomm
	Support option 2. In our analysis we have not seen TX power increase only for less aggressive filters. We see TX output power continually increase with the aggressiveness of the filter. Also, the SNR improvement seen is to be <0.5 dB at best for 2 RB signals and reduces to 0.2 dB for 16 RBs. We feel that this improvement is not significant enough to change the Rel-16 specification.

	Intel
	We are fine to consider different spectral flatness requirements based on PRBs (option 1) but prefer to have further check on the specific masks.

	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	We can revisit these based on other decisions

	Apple
	Before agreeing on specifying different spectral flatness requirements for low number of PRBs, it might be interesting to know what changes are considered. The fundamental issue is that a tighter spectral flatness mask would not directly disallow more aggressive filter as the EQ coefficients are modified to fit inside the mask before calculation of EVM. With this understanding it means that EVM needs to fail in order to disallow certain filter options. As this is only indirect we wonder whether the required tightening could end up too high to be acceptable.



Issue 1-2-3:  MPR tables
[R4-2117474 - Based on the agreement in RAN4 #100, UE handheld with PC2 is addressed as a baseline for the power enhancement]
· Proposals 
· Option 1: Update PC2 MPR tables (at least Table 6.2.2-2) in TS 38.101-1. 
· Option 2: Other, please detail


	Company
	Comments

	Nokia, NSB
	Support option 1

	Huawei
	We tend to support option 1 since the enhancement should be based on PC2. And this issue should be considered together with issue 1-1-2, as the MPR regions may be re-defined.

	Qualcomm
	Support option 1 to account for the higher output powers that have been seen with pi/2 BPSK signals

	Intel
	Option 1 –At the end of the study item MPR tables should be summarized in the TR and we cannot have any updates in the TS 38.101-1 in the SI stage

	Skyworks
	We support option 1.

	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	This depends on the decisions made in Issue 1-1-1

	MediaTek 
	Support option 1

	Apple
	To our understanding this issue correlates with Issue 1-1-2 and should consider its outcome.




Issue 1-2-4:  Use of net gain for evaluating candidate filters
· Proposals 
· Option 1: Net gain that combines both the transmitter and receiver performances should be the deciding criterion for filter evaluation. (R4-2118549)
· Option 2: Other, please detail


	Company
	Comments

	Nokia, NSB
	Support Option 1. It is important to take both transmitter and receiver performance into account in evaluations, however with transparent approach there is no need to do any decision of filter to be used.

	Huawei
	Same as Nokia. Furthermore, we may not need to choose filters, but it seems relevant with the flatness requirement.

	Qualcomm
	Support option 1

	Intel
	Option 1 – Agree that BS RX performance is also important to consider in addition to UE TX performance.  Combined Link Level performance should be the criteria moving forward.

	IITH, IITM, CEWIT Reliance Jio, Tejas Networks
	We have shown that with careful implementation of the gNB receiver, the losses do not exceed 0.3 dB. There is a substantial net gain with strong filtering.  

	Apple
	It makes sense to consider receiver performance as the goal is to enhance the overall UL performance.



1.2.3 Topic #1-3
Sub-topic description: General and workplan
Issue 1-3-1: TP for TR on optimization of pi/2 BPSK uplink power in NR
· Proposals
· Option 1: TP for TR on optimization of pi/2 BPSK uplink power is agreeable.
· Option 2: Needs further updating
	Company
	Comments

	Nokia, NSB
	Support Option 1.

	Huawei
	Option 1.

	Qualcomm
	Option1

	Intel
	Option 2 – Need to add further data from #101.  TP needs to emphasize combined UE and BS Link Level performance and summarize trade-offs.

	
	



1.3 Companies views’ collection for 1st round 
1.3.1 CRs/TPs comments collection
	CR/TP number
	Comments collection

	
	

	
	

	
	

	
	

	
	

	
	



1.4 Summary for 1st round 
1.4.1 Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary

	
	Issue 1-1-1:  Output power capabilities of pi/2 BPSK DFT-s-OFDM signals. 
Majority of the companies supported establishing power boost ≤2 dB. 2 companies wanted to investigate absolute output power for pi/2 BPSK DFT-s_OFDM signals
Recommendation:
· Further discuss in round 2
· Given that companies agreed in RAN4#100-e to initially investigate UE handhelds with PC2 as a baseline it is recommended that higher output power studies be initially focused on PC2 PAs. 

	
	Issue 1-1-2:  Reclassification of RB regions for MPR specifications used for pi/2 BPSK signals
Majority of the companies supported revisiting edge, outer and inner RB allocations. 
Recommendation: 
· WF: Interested companies to bring proposals based on further simulations/measurement on reclassification of RB regions


	
	Issue 1-2-1: Transparent spectral shaping
Majority of the companies wanted to keep the Rel-15 approach while 2 companies wanted to study the benefits of specifying filter characteristic to the BS RX.
Recommendation:
· WF: Interested companies to bring proposals on potential benefit of non-transparent spectral shaping which can be discussed further in future meetings

	
	Issue 1-2-2:  Changes to spectral flatness requirement
Some companies supported changing the Rel-16 spectral flatness requirements while others did not or wanted to study it further before making any changes.
Recommendation:
· WF: Based on company inputs changes to spectral flatness can be considered if a significant net gain is observed from such changes. The minimum net gain increase required to make such changes can be further discussed.

	
	Issue 1-2-3:  MPR tables
Majority of the companies supported updating the PC2 MPR tables either because of the observed power enhancements or reclassification of the RB regions (Issue 1-1-2)
Recommendation:
· WF: Interested companies to bring proposals to modify PC2 MPR

	
	Issue 1-2-4:  Use of net gain for evaluating candidate filters
Majority of the companies supported using net gain for evaluating candidate filters
Recommendation:
· WF: Net gain can be used for evaluating candidate filters. 

	
	Issue 1-3-1: TP for TR on optimization of pi/2 BPSK uplink power in NR
Majority of the companies agreed with the  TP. One company wanted further data added from RAN4#101-e.
Recommendation:
· WF: TP for TR is agreeable
· Interested companies can propose a TP for RAN4#101bis-e with further data from RAN4#101-e






1.5 Discussion on 2nd round
1.5.1    Open issues 
Issue 1-1-1:  Output power capabilities of pi/2 BPSK DFT-s-OFDM signals. 
Majority of the companies supported establishing power boost ≤2 dB. 2 companies wanted to investigate absolute output power for pi/2 BPSK DFT-s_OFDM signals
Recommendation:
· Further discuss in round 2
Given that companies agreed in RAN4#100-e to initially investigate UE handhelds with PC2 as a baseline it is recommended that higher output power studies be initially focused on PC2 PAs.

RAN4 will further discuss based on the WF and revised TRs/CRs in 2nd round.
	T-doc number
	Company
	Comments

	
	Huawei
	WF on optimizations of Pi/2 BPSK UL power in NR and agreements



2 Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on optimizations of Pi/2 BPSK UL power in NR and agreements
	Huawei
	R4-2120022

	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117471
	Receiver performance for pi/2 BPSK with spectral shaping
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117472
	Shaping filter characteristics including transmitter and link performance
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117473
	Transmitter performance for pi/2 BPSK with spectral shaping
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117474
	Identify potential changes for RAN4 requirements
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2117610
	Link level evaluations of pi/2 BPSK with spectrum shaping
	Indian Institute of Tech (H)
	Noted
	

	R4-2117644
	TP for Pi/2 BPSK study item for TR38.868
	Qualcomm Incorporated
	To be agreed
	

	R4-2117968
	Considerations and simulation results for pi/2 BPSK
	Apple
	Noted
	

	R4-2118043
	Views on Pi/2 BPSK pulse shaping
	Intel Corporation
	Noted
	

	R4-2118044
	Pi/2 BPSK pulse shaping link-level performance
	Intel Corporation
	Noted
	

	R4-2118078
	Power measurements of pi/2 BPSK waveform with spectrum shaping
	Indian Institute of Tech (H)
	Noted
	

	R4-2118549
	Discussion on BPSK Tx Power for PC2 UEs
	Huawei,HiSilicon
	Noted
	

	R4-2119486
	PC2 Pi_2 BPSK measurements
	Skyworks Solutions Inc., Nokia
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	[bookmark: _Hlk72952741]Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2120057 (revison of R4-2120022)
	WF on optimizations of Pi/2 BPSK UL power in NR and agreements
	Huawei, HiSilicon, Qualcomm, Intel
	To be approved
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents


