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1. Introduction

The study item proposal in RP-210436 provides the following objectives:
The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. 

1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter studied in this study item. 

2. Evaluate SAR-related duty-cycle restrictions and reporting mechanisms

3. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.

a. Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E

b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 

c. Identify if necessary changes are needed to EVM equalizer flatness mask requirements to capture necessary filter shaping. Changes to the existing 14 dB p-p baseline to be assessed in relation to any potential gains in UL link performance while still ensuring robust BS receiver performance for all UEs in a cell. 

The objectives are applicable to FR1. 
2. Initial Round 
Question #1: please provide your comments on objectives 1, 2, and 3 of RP-210436

Companies are invited to provide the comments below.
	Company
	Comments

	Huawei
	Generally, we support the SI study. For the objective, it would be helpful to make it clear which power class and UE type is to be evaluated, since in RAN4 PC3, PC2 and PC1.5 can be used for handheld UE, and the UE architecture could be different, which in turn will have impact on the feasibility study. 
The proposed changes are:

1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter for PC2 UE studied in this study item. Both 1Tx and 2Tx supporting PC2 need to be considered in the study.
Since PC3 power boosting was already supported in Rel-15, it is not sure whether further enhancement for PC3 UE is still needed, so we did not include PC3 in the objective.

	Qualcomm
	We prefer to not preclude creating a new power class focussed on maximizing UL power with pi/2 BPSK modulation. 
We could either remove the clause on ‘assuming existing UE power classes’, or add:

 ‘The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination, or with a dedicated new power class.’

	Apple
	We believe this study is very useful, and we would like to support the SI. We have two suggestions to improve the objectives:

The first change we would like to suggest is to focus the effort on specific bands which are already identified for pi/2 BPSK power boosting in 38.101-1 (these are n40, n41, n77, n78 and n79).
The second suggestion is to provide some guideline for Objective 1. In Rel-15 TS 38.101-1, the UE capability powerBoostPi2BPSK allows a PC3 UE to transmit 26 dBm with pi/2 BPSK, spectrum shaping, and RB allocation restrictions. One option is to restrict Objective 1 to this scenario.  Given the band restriction we have proposed above, we believe it is reasonable to discuss the feasibility of a PC2 UE transmitting 29 dBm with pi/2 BPSK and spectrum shaping.  We are open to defining Objective 1 within this scenario as well.  In order to contemplate further increase in output power, coexistence simulations and ACLR requirements need to be revisited.  We believe capping the maximum output power at 29 dBm is the most straightforward approach.

	Samsung
	We also believe it is important to study the power optimization for pi/2 BPSK in TDD bands. We supports this SI. 
For UE power class assumption, we think the current version is clear enough on the study scope. Whether to define the new power class can be discussed in RAN4 normative work based on the study outcome. 


	Nokia
	We support this study item. We would not like to complicate the studies by requiring both 1Tx and 2Tx UE architectures to be studied as proposed by Huawei. 

	vivo
	We support this study. We prefer not to introduce new power class focussed on maximizing UL power with pi/2 BPSK modulation.  

	Intel
	We support to have studies on the power boosting. 

We agree with Huawei that it would be helpful to make it clear which power class and UE type is to be evaluated. From our point of view at least PC2 shall be evaluated. We are open for other power classes, but some prioritization can be helpful. 
For PC3, we are wondering on the scope of proposed studies. Is it intended to further improve the power boosting on top of the existing values or is it intended to cover additional bands comparing to the existing solution?

	OPPO
	Support this SI, and have similar view as HW on the power class and also UE types..

	Skyworks
	We support this SI. Since it looks for further power boosting, it would be useful to understand if we start from PC3 where we have a power boosting (to PC2 level) reference already. Also the SI should clarify whether spectrum flatness criteria should be revisited as further spectral shaping is suggested. For the power class to start form, I guess power boosting already allows PC2 power level for a PC3 UE, so the current boosting allowed for PC3 may already allow 29dBm starting from PC2, only the egde allocation aspects needs to be further checked. It would be beneficial to have a clear starting point for the study.

	Ericsson
	We support this study item and are in general happy with the SID. However, we would be OK to discuss and finally decide on a potentially new UE power class during the SI as proposed by Qualcomm and Samsung. 

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	We support the SID. 

Our intention is to maximize the UE transmit power by exploiting stronger spectrum shaping for pi/2 BPSK waveform transmission. At this stage, we would not like to limit the study to only PC2 or PC3 as there is scope for increasing the transmit power in either scenario. 

Therefore, we agree to the proposal from Qualcomm where the introduction of a new power class is not precluded. The suggested amended text from Qualcomm is agreeable to us. 


Question #2: please provide your comments on the proposed timeplan (completion at TSG#94, TU budget)
Companies are invited to provide the comments below.
	Company
	Comments

	Huawei
	No TU budget is provided. Reasonable TU should be proposed for each RAN4 meeting.  We suggest to consider 0.5TU for each RAN4 meeting until TSG#94. 

	Intel
	The proposed TU budget is missing. Overall, it is expected that the studies should complete by March 2022.

	Ericsson
	0.5 TUs until TSG#94 sounds like a good estimation 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3. Conclusions of initial round
The feedback received in the initial round of comments shows that all responding companies are supportive of the proposed study item. Feedback from companies seems to indicate that a RF TU allocation of 0.5 TU per RAN4 meeting would allow completion of the study by RAN#94.

Three main subjects of clarification were identified:
· Issue #1: what is the starting point for the study? Is it PC2? Or is it PC3 with legacy power boosting? 

· Issue #2: whether to limit the study to certain UE types/architectures, e.g. 1Tx and/or 2Tx?

· Issue #3: whether/when it should be discussed that a new UE power class may be defined?
Skyworks additionally asked to clarify whether spectrum flatness criteria should be revisited.

Summary of views expressed by the companies on the starting point of the study:

· Alt1: as in RP-210436 (“assuming use of existing UE power classes”) without precluding the possibility of defining of a new UE power class either in SI phase or WI phase
· Preferred by Qualcomm, Samsung, Ericsson

· Alt2: study new power boosting starting from PC2

· Preferred by Huawei, Apple, Intel, OPPO
· Huawei and vivo prefer to preclude the definition of new UE power class

· Alt3: study new power boosting above the legacy power boosting for PC3

· Preferred by no company
Huawei and OPPO propose to study based on PC2 including both 1Tx and 2Tx UEs, while Nokia prefers to select in SI phase whether to study 1Tx or 2Tx UE.

Moderator’s suggested way forward: Given the equal split on the starting point of the study and on the preference for a new UE power class, a possible WF is to take PC2 as the starting point for the study to determine the achievable UE Tx power for pi/2 BPSK, without implying that PC2 will necessary be used in the normative phase, but leaving the discussion about whether to introduce a new power class for this achievable UE Tx power to the WI drafting stage. Details of studied UE types/architectures can be left to RAN4 decision.

The moderator’s suggested WF is submitted for comments in intermediate phase.
4. Intermediate round phase 1
Companies are invited to comment on the moderator’s proposal according to the suggested WF summarized at the end of the initial round.
Proposal 1: revise the SI objectives as shown below
The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. 

1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter studied in this study item, starting from UE PC2 in TDD bands n40, n41, n77, n78 and n79. 

2. Evaluate SAR-related duty-cycle restrictions and reporting mechanisms

3. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.

a. Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E

b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 

c. Identify if necessary changes are needed to EVM equalizer flatness mask requirements to capture necessary filter shaping. Changes to the existing 14 dB p-p baseline to be assessed in relation to any potential gains in UL link performance while still ensuring robust BS receiver performance for all UEs in a cell. 

The objectives are applicable to FR1. 
Note: whether or not a new UE power class will be introduced for the identified achievable UE Tx power for pi/2 BPSK will be decided at the drafting stage of the following WI.
Question #3: please provide your comments on proposal 1 above
Companies are invited to provide the comments below.
	Company
	Comments

	Qualcomm
	We are not sure whether the bounds implied by adding ‘starting from PC2’ are justified. We have submitted proposals in RAN4 on PC2 enhancement as part of the eMIMO WI in Rel-16, and the improvements were limited to MPR reduction, while retaining the 26 dBm max. UL power. We are ok with retention of the note proposed by the moderator however.
We also do not think the 3dB power boost in PC3 is a good precedent because it relied on hidden PC2 capability in TDD bands. A similar 3dB increase in power in PC2 will rely on hidden PC1.5 capability. This type of dependence on hidden capability is not tenable as a modus operandi for defining power boost.

	MediaTek
	We do support the overall intent of this work and the proposed SID. We would like to be added as co-signer. 

	Apple
	Objective 1 should have a clear upper bound on the achievable Tx power to study with pi/2 BPSK + pulse shaping; as we commented in the first round, any value above 29 dBm necessitates coexistence studies, potential adjustment of the ACLR requirement, and evaluation of impact on legacy devices. Thus, we suggest introducing a cap of either 26 dBm (which allows us to focus the study on a PC3 UE) or 29 dBm (which allows us to study both PC3 and PC2 UEs).

The band applicability is still not very clear in this study: the proposed objectives imply that any FR1 band is potentially possible. We believe this scope is too broad, and our preference is to restrict the SI only to bands n40, n41, n77, n78 and n79.

Proposed wording for Objective 1: “Identify achievable UE Tx power (max [26 or 29] dBm) for pi/2 BPSK with the pulse shaping filter studied in this study item for TDD bands n40, n41, n77, n78 and n79.”

Proposed wording for the applicability of objectives: “The objectives are applicable to FR1 TDD bands n40, n41, n77, n78 and n79.”

We have one comment to Qualcomm’s comment above: we don’t understand the meaning of “hidden capability:” especially as it relates to PC1.5. This 29 dBm power class is defined with 2 PC2 Tx chains in UL MIMO or EN-DC modes only and is not related to the pulse shaping feature under discussion here. Our understanding is that in this study we will determine the max achievable Tx power level for a UE which transmits with pi/2 BPSK, applies the pulse shaping filter, and assumes a certain restriction in allocated RBs. Clearly such a capability should be communicated to the network properly.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks,

Saankhya Labs
	Our views on this proposal are as follows:

1. Our aim is to increase the Tx power based on the low PAPR nature of pi/2 BPSK waveform when using strong spectrum shaping. 

2. We do not agree with PC2 being a starting point for this study. However, we are fine with the footnote. So please remove PC2 reference in the main bullet of the proposal. 
3. The target power requirements for 1 Tx chain should be in the range of 32 dbm with the exact value being FFS. Therefore, introduction of a new power class with 0dB MPR for pi/2 BPSK is mandatory with positive MPR for other modulation schemes. 
4. The bands of interest are n77, n78 and n79.


	Intel
	We support the studies and are fine with the text proposed by moderator to have a clear starting point.
For PC3 we already have boosting specified for certain TDD bands. It is still not very clear from the responses whether further improvements are in the scope. From our side, we are ok to have additional studies on further improvements. If this is a common understanding then we can add it to the objectives.


	Huawei
	As the targeted completion of the SI is RAN#94, we believe that some clear assumptions would help to be captured in the SID. There are 3 existing UE power classes for TDD bands in RAN4 spec. There may not be enough resource to study feasibility to enhance all these 3 power classes in such a short time. But if companies’ preferences are to discuss these details in RAN4 then we can also accept this, as it is the submitted version of the SID that Huawei supports.

The proposed wording by Apple for the applicable TDD bands is ok for us.

	Nokia
	We support the updated SID proposal.

	Samsung
	We share the similar concerns as Qualcomm on the starting from PC2 in the current version. As we commented in the first round, we think the original version in the RP-210436 is clear enough. We support the version in RP-210436. 

On the footnote, we can further discuss the possibility of introducing new power class in following WI. Given that, we are ok with the footnote proposed by Moderator

	Skyworks
	We are confused with the objective in term of maximum achievable output power.

At least we should have a boost target (3dB?) defined relative to the power class supported by the UE without power boost. This may be achievable only for a restricted set of allocations. In our view the spectrum flatness should only be revised if power boosting would exceed 3dB


5. Intermediate round phase 2
Following the responses in the first phase of intermediate round, a majority of companies prefer not to define a starting point for the study, nor to limit the maximum power to either 26 dBm or 29 dBm. It is the moderator’s understanding that the upper limit (including the boost target) is precisely the target of objective 1, i.e. to study and identify the achievable UE Tx power. Therefore the version of objective 1 in RP-210436 seems to already be the best compromise, and further details can be left up to the RAN4 discussion.

There seems to be no concern on Apple’s proposal to list the targeted TDD bands, so it is proposed to capture this list in the first paragraph of the objectives section. Responses indicate support for the proposed note related to the discussion on whether a new UE power class will be defined. Proposal 2 below provides the latest version of the possible update of the objectives. Once we get stability I will provide a revised SID.
Proposal 2: revise the SI objectives as shown below
The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. The objectives are applicable to FR1 TDD bands n40, n41, n77, n78 and n79.
1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter studied in this study item. 

2. Evaluate SAR-related duty-cycle restrictions and reporting mechanisms

3. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.

a. Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E

b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 

c. Identify if necessary changes are needed to EVM equalizer flatness mask requirements to capture necessary filter shaping. Changes to the existing 14 dB p-p baseline to be assessed in relation to any potential gains in UL link performance while still ensuring robust BS receiver performance for all UEs in a cell. 

The objectives are applicable to FR1. 
Note: whether or not a new UE power class will be introduced for the identified achievable UE Tx power for pi/2 BPSK will be decided at the drafting stage of the following WI.
Proposal 3: the TU budget is 0.5 TU for RAN4 RF for each RAN4 meeting until RAN#94.

Question #4: please provide your comments on proposals 2 and 3 above
Companies are invited to provide the comments below.
	Company
	Comments

	Qualcomm
	· At the outset we highlight the UL power target from IITH et al: ‘The target power requirements for 1 Tx chain should be in the range of 32 dbm with the exact value being FFS.’. On the other hand, in proposal 2, there is still reference to existing power classes: ‘assuming use of existing UE power classes as indicated per band or band combination’
We think these two are incompatible, so we prefer to revise the first sentence as:

The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. The objectives are applicable to FR1 TDD bands n40, n41, n77, n78 and n79.
We agree with the comment that fresh coexistence studies may be needed to justify the target UL power, and it can be part of the SI. We are ok to add an explicit ‘co-ex studies’ as an objective
· Further there was a comment on ‘strong spectral shaping’. To narrow scope of study of filtering, we propose adding detail to objective 3b to down select between 2 and 3-tap filters – note that the EVM equalizer objective (3c) can stay unchanged:
3. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.

a. (unchanged)
b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable Evaluate and down select between 2- and 3-tap filters in the UE to enable reaching target UL power in pi/2 BPSK mode.
c. (unchanged)
· Finally, in response to request from clarification from Apple:
‘we don’t understand the meaning of “hidden capability:” especially as it relates to PC1.5.’

First, on ‘hidden capability’ in context of 3 dB boost: In PC3, the only precedent for 3 dB boost, the feature depended on existence of a PC2 PA in the bands of interest. With the more recent discussion in RAN4 on TxDiv, we could also include a 23+23 topology as another possibility. It can be fairly challenged why such UEs would declare themselves as a ‘PC3 supporting power boost’ while having PC2-worthy hardware all along (therefore, ‘hidden capability’). We think this may not be a good arrangement to persist with when applied to other power classes.
Next we talk about ‘especially as it relates to PC1.5’: We think the PC1.5 discussion is moot now, given clarity on target UL power (single chain ~32 dBm) from proponent. That said, prior to this clarification, we are not sure why a 2 Tx UE like PC1.5 ‘is not related to the pulse shaping feature under discussion here’. Extension of the 3dB boost feature from PC3 to PC2 would imply that a PC2 UE would need 2x26dBm PAs, or a bespoke 29 dBm to support this feature. The parallels to the PC3 UE that supports power boost is clearly evident here.

	Huawei
	We don’t think that open discussion of feasible increased power is helpful for further RAN4 discussion. Without assuming existing power class, we don’t even know whether the discussion is based on existing UE implementation for corresponding power class or a totally new UE just for Pi/2 BPSK. Our preference is the version suggested by moderator. 

Regarding the proposal of ‘strong spectral shaping’, since it is a SI, there is no need to have imitations on specific filter type. We disagree with the changes by Qualcomm. 



	Skyworks
	We are confused by some of  Qualcomm’s comment on PA implementation and boost mode.  In FR1 the only case for power boost is PC3, true, but this is based on a PC3 PA not a PC2 PA. The MPR in boost mode uses PC2 power (26dBm) as the reference but this is still based on a PC3 PA.  The higher power is achievable because of the reduced PAPR not because of an increased PA size. This is why it should always be feasible to add a boost mode to an existing power class by adding a boost condition in the MPR tables. This can be added to PC2 1Tx or 2Tx, PC1.5, PC3 with for example a 3dB boosted mode with conditions on duty cycle, filter, spectrum flatness…


6. Conclusion of intermediate round
At the end of the intermediate round, the comments indicate that it would be complicated to add examples for the target power or the types of filters, but it seems companies all understand what RAN4 will have to look at in the study and no candidate power boosting value is excluded by the scope of the proposed SID. The additional note leaves the door open to eventually consider a new UE power class, and a starting point assuming existing UE power classes is still a needed reference, so hopefully Qualcomm can live with the revised scope as proposed at the end of the first intermediate round, as summarized below.
Final proposal: The study is deemed feasible with 0.5 TU for RAN4 RF for each RAN4 meeting until RAN#94 (i.e. 5 or 6 meetings) with the SI objectives shown below:
The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. The objectives are applicable to FR1 TDD bands n40, n41, n77, n78 and n79.
1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter studied in this study item. 

2. Evaluate SAR-related duty-cycle restrictions and reporting mechanisms

3. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.

a. Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E

b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 

c. Identify if necessary changes are needed to EVM equalizer flatness mask requirements to capture necessary filter shaping. Changes to the existing 14 dB p-p baseline to be assessed in relation to any potential gains in UL link performance while still ensuring robust BS receiver performance for all UEs in a cell. 

The objectives are applicable to FR1. 
Note: whether or not a new UE power class will be introduced for the identified achievable UE Tx power for pi/2 BPSK will be decided at the drafting stage of the following WI.
7. Final conclusion

The sentence "The objectives are applicable to FR1” has been made redundant by the addition of "The objectives are applicable to FR1 TDD bands n40, n41, n77, n78 and n79”, so it was deleted in the final version of the SID in RP-210847.
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Please add your contact information when responding to the discussion. Thank you.
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	Huawei
	leo.liuye@huawei.com


