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[bookmark: _Ref465963108]1	Introduction
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]3GPP has discussed proposals, including [1, 2], on Pi/2-BPSK specification updates to enable the merger of 5Gi into 3GPP. The co-sourcing companies put forth the Way Forward outlined in this document to facilitate the merger of 5Gi into 3GPP.
Further, certain aspects of how the 3GPP specification changes proposed in this Way Forward are to be applied and implemented are presented along with a proposed plan to carry out the merger with specific milestones for 3GPP and TSDSI. 

2	Status of Pi/2-BPSK definition
Pi/2-BPSK has been introduced in Rel-15 with optional filtering and power boosting. The baseline Pi/2-BPSK modulation scheme is mandatory (with capability signalling) in FR2 and optional in FR1. The filtering has been left unspecified although the EVM definition places certain bounds on allowed filter characteristics, including filter group delay.  
In Rel-15, Pi/2-BPSK uses the ‘legacy’ ZC DM-RS. In Rel-16, low PAPR DM-RS has also been introduced to match the low PAPR of Pi/2-BPSK control or data. It has been assumed that the new DM-RS would be filtered the same way as Pi/2-BPSK, although this has not been defined explicitly. 
At the same time, a separate 5Gi specification has been also created, outside of 3GPP, in which Pi/2-BPSK is mandatory with certain other changes. Subsequently, it has proved impractical to maintain a separate specification with any level of compatibility with the 3GPP specification, as it was discussed in a prior LS exchange [3, 4]. This creates motivation to explore a solution that would allow merging 5Gi specifications into 3GPP and maintain only a single common specification going forward. 

3	Requirements for merging 5Gi into 3GPP
There are technical and logistical requirements for achieving a merge of the two branches. In the following, we describe the co-sourcing companies’ views regarding both. 
3.1	Logistical requirements
A possibly practical approach to carry out the merging of 5Gi into 3GPP specifications would be to carry out the following steps, which is our recommendation: 
1. At RAN#94e, discuss an agreeable set of specification changes (a proposal is given in the Annex) and adjustments of the ongoing Rel-17 RAN4-led SI on Optimisations of Pi/2 BPSK UL Power in NR (a proposal is given in section 3.4) that are seen facilitating the 5Gi merge into 3GPP, develop the corresponding set of CRs for Rel-17 and approve the RAN4 project scope adjustments.
2. Technically endorse the Rel-17 CRs and postpone the final approval and implementation of these CRs until a written commitment is received from TSDSI (via LS to RAN PCG, TEC, and ITU-R) on the merger of 5Gi into 3GPP and a committed roadmap of pursuing merged 3GPP 5G specifications in India with no further 5Gi updates in ITU-R. 
3. Final approval of the Rel-17 CRs at the RAN Plenary where such communication is received, ideally by RAN#95e and no later than RAN#96/RAN#96e. 3GPP will, at this time, communicate the merger to ITU-R as part of periodic update.
4. Do not hold up completion of 3GPP Rel-17 specification while the CRs are on hold.
5. If the above steps are agreed, capture that fact in the RAN#94e meeting summary, including a statement that this merger will effectively allow 3GPP to better support the market in India with a global cost-effective solution. 

3.2	Backwards compatibility and technical requirements
An important decision point is the applicable release for the CRs. We do not believe Rel-15 or Rel-16 should be updated at this stage, so the only possible choice would be Rel-17 applicability. 
We believe it is important to formally approve the Rel-17 CRs by ideally RAN#95e and no later than RAN#96/RAN#96e to avoid the fact that there will be Rel-17 UEs before and after the CR, i.e., UEs that have implemented the change and UEs of the same release that have not. 
The changes proposed in this Way Forward assume that for their implementation, no signalling IE would be added or removed from the specifications [TS38.306, TS38.331]. All changes are limited to how the UE is expected to set these existing IEs. For example, the ability to indicate different FR1 and FR2 capability would still remain in the specification. 

3.3	Relationship to power boosting
An important aspect of Pi/2-BPSK is the possibility of power boosting enabled by lower PAPR. The power boosting being made mandatory with capability signalling is the Rel-16 version (which itself incorporates the Rel-15 power boost values). 

3.4	Relationship to RAN4 Study on Optimisations of Pi/2 BPSK UL Power in NR power boosting
Another part of this Way Forward is to align the outcome of the Rel-17 study item on Optimisations of Pi/2 BPSK UL Power in NR with the main goal of this contribution as follows (referring to RAN4 agreement in R4-2120057):
	Transparent spectral shaping
Agreements
· Both data and DMRS are filtered 
· Option 1: The choice of filters is up to UE implementations and transparent to the network
· Option 2: The filters are explicitly specified
· Option 3: The filtering is signalled
· FFS UE may apply different spectral shaping filters for different RB allocations




The Objectives section of the project’s SID in RP-210910 shall equally be amended as follows: 

	[bookmark: _Hlk66085574]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 n34, n39, 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. The choice of filters is up to UE implementations and transparent to the network 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. 
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.



Apart from the above, the Rel-17 SI shall continue as planned, and enhancements being considered for pi/2 BPSK signals are part of a separate discussion (i.e., normal Rel-17 Study Item finalization). 
 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]4	Conclusions
We have discussed certain aspects of the current proposals on Pi/2-BPSK changes and made the following proposals. 

Proposal 1:  Adopt the following steps as a Way Forward 
1. At RAN#94e, discuss an agreeable set of specification changes (a proposal is given in the Annex) that is seen facilitating the 5Gi merge into 3GPP, and develop the corresponding set of CRs for Rel-17.
2. With respect to the Rel-17 study item on Optimisations of Pi/2 BPSK UL Power in NR, agree on updating the RAN4 WF in R4-2120057 and the project’s SID Objectives as follows (informing RAN4 and, accordingly, revising SID): 

	Transparent spectral shaping
Agreements
· Both data and DMRS are filtered 
· Option 1: The choice of filters is up to UE implementations and transparent to the network
· Option 2: The filters are explicitly specified
· Option 3: The filtering is signalled
· FFS UE may apply different spectral shaping filters for different RB allocations




	[Objectives of Rel-17 SID in RP-210910]:
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 n34, n39, 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. The choice of filters is up to UE implementations and transparent to the network 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. 
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.



3. Technically endorse the Rel-17 CRs and postpone the final approval and implementation of these CRs until a written commitment is received from TSDSI (via LS to RAN PCG, TEC, and ITU-R) on the merger of 5Gi into 3GPP and a committed roadmap of pursuing merged 3GPP 5G specifications in India with no further 5Gi updates in ITU-R. 
4. Final approval of the Rel-17 CRs at the RAN Plenary where such communication is received, ideally by RAN#95e and no later than RAN#96/RAN#96e. 3GPP will, at this time, communicate the merger to ITU-R as part of periodic update.
5. Do not hold up completion of 3GPP Rel-17 specification while the CRs are on hold
6. If the above steps are agreed, capture that fact in the RAN#94e meeting summary, including a statement that this merger will effectively allow 3GPP to better support the market in India with a global cost-effective solution. 

Proposal 2: Consider the text changes shown in the Annex for the 38.211 and 38.306 Rel-17 CRs to be technically endorsed. No other CRs in RAN1/2/4 are necessary to facilitate the merger and no further normative work will be done on Pi/2-BPSK in Rel-17.
Observation 1: For the considered CRs, no signalling IE should be added or removed; rather, the changes would restrict how the existing signalling are to be set by post-CR UEs according to the proposal in this document
Observation 2:  Clarify that the power boost values that are being made mandatory are those in Rel-16.
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 Annex
Text proposals for the corresponding Rel-17 CRs:


=== [38.211, Rel-17] =============================================================
[bookmark: _Toc19796409][bookmark: _Toc26459635][bookmark: _Toc29230284][bookmark: _Toc36026543][bookmark: _Toc45107382][bookmark: _Toc51774051][bookmark: _Toc74660391]5.4	Modulation and upconversion



Modulation and upconversion to the carrier frequency  of the complex-valued OFDM baseband signal for antenna port , subcarrier spacing configuration , and OFDM symbol  in a subframe assumed to start at  is given by 
-	for PRACH
	
-	for RIM-RS
	
where  is the configured reference point for RIM-RS;
-	for all other channels and signals

	
[bookmark: _Toc19796410][bookmark: _Toc26459636][bookmark: _Toc29230285][bookmark: _Toc36026544][bookmark: _Toc45107383][bookmark: _Toc51774052][bookmark: _Toc74660392]NOTE: 	For the uplink, the signal  and the baseband signals part thereof should be filtered per UE implementation, as required, to meet the minimum requirements as specified in [38.101-1] and [38.101-2] for the respective frequency range.

6	Uplink
=== End [38.211, Rel-17] =========================================================




=== [38.306, Rel-17] ============================================================

	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	lowPAPR-DMRS-PUCCH-r16
Indicates whether the UE supports low PAPR DMRS for PUCCH format 3 and format 4 with transform precoding and with pi/2 BPSK modulation. UE indicates support of this feature shall indicate support of pucch-F3-4-HalfPi-BPSK and any combination of support of pucch-F3-WithFH, pucch-F4-WithFH and pucch-F1-3-4WithoutFH. It is mandatory with capability signalling.
	Band
	NoYes
	N/A
	N/A

	lowPAPR-DMRS-PUSCHwithPrecoding-r16
Indicates whether the UE supports low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK modulation. UE indicates support of this feature shall indicate support of pusch-HalfPi-BPSK. It is mandatory with capability signalling.
	Band
	NoYes
	N/A
	N/A

	powerBoosting-pi2BPSK
Indicates whether UE supports power boosting for pi/2 BPSK, when applicable as defined in 6.2 of TS 38.101-1 [2] v16.9.0. It is mandatory with capability signalling. This capability is not applicable to IAB-MT.
	Band
	NoCY
	TDD only
	FR1 only

	pucch-F3-4-HalfPi-BPSK
Indicates whether the UE supports pi/2-BPSK for PUCCH format 3/4 as defined in 6.3.2.6 of TS 38.211 [6]. It is optional for FR1 and mandatory with capability signalling for FR1 and FR2. This capability is not applicable to IAB-MT.
	UE
	CYYes
	No
	Yes

	pusch-HalfPi-BPSK
Indicates whether the UE supports pi/2-BPSK modulation scheme for PUSCH as defined in 6.3.1.2 of TS 38.211 [6]. It is optional for FR1 and mandatory with capability signalling for FR1 and FR2. This capability is not applicable to IAB-MT.
	UE
	CYYes
	No
	Yes



=== End [38.306, Rel-17] ==========================================================
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