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[image: image1.png]The following work split principles will be adopted in RAN1 for power domain enhancement throughout Rel-18 from RAN1 perspective and send an LS to RAN4 in this meeting:
e RANI performs link level simulations of candidate solutions for power domain enhancements to study at least the SNR variation, PAPR/CM and EVM, brought by each solution.
o Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
e RANI is not expected to perform RF simulations of candidate solutions for power domain enhancements
o Results of RF simulations can be included in RAN1 contributions
e RANI will assess RAN1 specification impact of candidate MPR/PAR reduction solutions
o A list of candidate solutions, including necessary parameters, from RANI perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
e RANI understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.




WID

· Study and if necessary specify following power domain enhancements

· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
1 Work responsibility and high-level scope
1.1 1-1
Discussed Option in the 1st round
· Option 1: RAN4 is responsible for performance evaluation work and RAN4 can discuss it without being triggered by RAN1

· Option 2: RAN4 evaluation should not be triggered until RAN1 can converge and provide enough inputs about the FDSS w/wo SE and TR for DFT-s-OFDM

· Option 3: Others

Moderator views: Considering the RAN1 agreements, RAN4’s focus would be RF simulations for a mean while. For this purpose, it would be beneficial to prepare for RF simulation campaigns. Also, if parameters which may impact on RAN1 link level simulation, e.g., frequency ranges, bands etc., are agreed, the information should be shared with RAN1. Lastly, the last agreement seems that RAN4 is the WG to perform net gain evaluation. 

<Way forward/Agreement>: 

· RAN4 follows below RAN1 agreements and focus on prepare for RF simulations meaning that 

· Establish common evaluation parameters as well as side conditions, and share the agreements with RAN1 to use common parameters between WGs as much as possible

· Perform calibration in the future meetings

·  Net gain evaluation would come later whenever becomes necessary
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o Transparent MPR/PAR reduction solutions can be considered as a benchmark for studying the performance of non-transparent solutions.
e RANI is not expected to perform RF simulations of candidate solutions for power domain enhancements
o Results of RF simulations can be included in RAN1 contributions
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o A list of candidate solutions, including necessary parameters, from RANI perspective should be ready before the end of RAN1 #111, and should be included in an LS to RAN4.
e RANI understands that RAN4 is responsible for selecting the Rel-18 MPR/PAR reduction solution, if any.




Discussion:
1.2 1-2
Discussed Option in the 1st round
· Option 1: Non-transparent schemes should be considered, and transparent schemes can be used as baseline to evaluate the gain of Non-transparent schemes

· Option 2: RAN4 to focus on transparent waveform enhancements separately from any future support work for RAN1 to evaluate new waveforms or techniques (non-transparent enhancements)

· Note: It means that RAN4 focus on transparent waveform enhancements and wait for convergence in RAN1 on Non-transparent enhancements before tackling in RAN4

· Option 3: No transparent scheme is used as baseline

· Others 4: Others

Moderator views: From the above, it seems that Option 1 is aligned with the above RAN1 agreement. 

Regarding option 2, this is covered by Issue 1-1. Because this proposal is more oriented to work plan so that actually Option 1 and 2 are not exclusive. At least two companies don’t think that RAN4 completely suspend discussion on non-transparent schemes. And it is true that RAN4 needs a clear guidance on non-transparent schemes. As suggested in Issue 1-1, at least RAN4 can do preparation for RF simulations. This is covered by Issue 1-1. 

<Way forward/Agreement>: 

· Non-transparent schemes should be considered, and transparent schemes can be used as baseline to evaluate the gain of Non-transparent schemes
Discussion:
1.3 1-4-2, 1-4-3
Issue 1-4-2: Should pi/2 BPSK FDSS with spectrum extension be further studied in Rel-18 CE WI or should RAN4 discuss only QPSK?

Discussed Option in the 1st round
· Option 1: Both pi/2 BPSK FDSS with spectrum extension and QPSK FDSS with or without spectrum extension can be discussed

· Option 2: Only QPSK with spectrum extension can be discussed

· Option 3: Others

Moderator’s view: 1st observation is majority prefers to keeping QPSK w/o SE and pi/2 BPSK w SE. Ericsson wants to include higher modulations while that is proposed by only Ericsson. Additionally, vivo prefers to focusing on pi/2 BPSK w SE, but according to comments in this enquiry and others, it would be difficult to agree with that aspect. With all the above considerations, tentative agreements are as follows.

<Way forward/Agreement>: 

· pi/2 BSPK w SE and QPSK w or w/o SE can be further discussed

· If higher modulation than QPSK is FFS
Discussion:
Issue 1-4-3: Should DFT-s-OFDM be considered or both DFT-s-OFDM and CP-OFDM be considered?

Discussed Option in the 1st round
· Option 1: Only DFT-s-OFDM is considered

· Option 2: Both DFT-s-OFDM and CP-OFDM are considered

· Option 3: Others

Moderator’s view: As ZTE clarified, since WID doesn’t include CP-OFDM while it includes DFT-s-OFDM. Given that majority is clear and the final conclusion to include CP-OFDM requires RAN approvement, tentative WF is as follows.

Note: a part of the WID

· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

<Way forward/Agreement>: 

· DFT-s-OFDM is considered for future study. 

· CP-OFDM can be discussed if it’s included in the WID in RAN. 
Discussion:
1.4 1-6-1, 1-6-2, 2-1-6(depends on 1-6-2)
Issue 1-6-1: Power Class/CA/ MIMO

Discussed Option in the 1st round
· Consider UE Power Class 3 and scenario with a single transmitter & single component carrier and do not consider SU-MIMO or UL CA.
· Option 1: Yes

· Option 2: No

· Option 3: Others

Moderator view: Majority selected Option 1. Regarding Option 3 by Ericsson, at least inclusion of inter-band UL CA doesn’t make sense given that per band MPR is applicable during inter band UL CA. Regarding intra band UL CA, it’s a good point and it could be beneficial from MPR reduction perspective. However, it would not be reasonable to prioritize intra band UL CA than single carrier per band operation. And conventionally, RAN4 addresses requirements from single carrier.

<Way forward/Agreement>: 

· UE Power Class 3 and scenario with a single transmitter & single component carrier is considered

· SU-MIMO and/or inter band UL CA are not considered.

· Whether intra band UL CA is considered or not is FFS

Discussion:
Issue 1-6-2: Frequency ranges

Discussed Option in the 1st round
· Consider one of the following options
· Option 1: FR1 and FR2

· Option 2: FR1

· Option 3: FR2

· Option 4: Others

Moderator view: Majority companies prefer to focusing on FR1 and FR2 can be discussed later. Technically, the outcome of FR1 would not always aligned with that of FR2 since some requirements like ACLR, etc., (hence gating factors of MPR can be different), and link evaluation conditions are different.  In terms of non-transparent/transparent schemes perspective, given that RAN4 hasn’t introduced pi/2 BPSK boosting into FR2, perhaps, we may see a similar conclusion for other modulation in FR2. Another aspect is time. If RAN4 starts to discuss FR2 at very late stage of Rel-18, even if FR2 has benefit, RAN4 may not be able to finish the specification in a timely manner. With all the above considerations, at least evaluation assumptions for FR2 are discussed in parallel with FR1. And RAN4 revisit the discussion on if discussion on simulation results for FR2 can start or not at a certain meeting, e.g., RAN4#106(April). 

<Way forward/Agreement>: 

· RAN4 prioritizes FR1

· Note: The outcome of FR1 shall not be automatically inherited to that of FR2

· For FR2, only for evaluation assumptions can be discussed until at least RAN4#106 and RAN4#106  discusses if FR2 simulation campaign can start or not.

Discussion:
Issue 2-1-6: Frequency bands

Discussed Option in the 1st round
· Consider one of the following options
· Option 1: 700 MHz, 4 GHz and 28 GHz (From R4-2216639(Ericsson))

· Option 2: 4 GHz and 28 GHz (From R4-2215515(Nokia))

· Option 3: 4 GHz (From R4-2215891(ZTE) and R4-2216121(vivo))

· Option 4: Others

Moderator’s view: An aspect of PUMAX_H for FR2 that Qualcomm mentioned seems right as far as e.g., the amount of shaping is within the restriction of spectrum flatness specified in 38.101-2 and the UE meet all the other Tx requirements. On the other hand, it cannot be a reason for Qualcomm and Skyworks to share their views on frequency bands. Since the moderator doesn’t expect that we need to change the frequency band(s) in FR1 or FR2 depending non-transparent or transparent. Moderator agrees with a view from ZTE that this enquiry is affected by Issue 1-6-2. 

<Way forward/Agreement>: 

· Under the conditions that prioritization between FR1 and FR2 is decided by Issue 1-6-2, if FR1 and/or FR2 are evaluated, at least following frequency bands are used for simulation campaign, i.e., if FR2 drops in Issue 1-6-2, the agreement in Issue 2-1-6 becomes in valid.
· FR1: 4 GHz

· FR2: 28 GHz

· Handling of 700 MHz is FFS
Discussion:
2 Simulations
2.1 2-1-2, 2-1-4, [2-1-5, 2-1-7, 2-1-8]
Issue 2-1-2: Handling of an agreement in Rel-17 pi/2-BPSK SI

Discussed Option in the 1st round
· Should the agreement of “Both data and DMRS would be filtered” in Rel-17 pi/2 BPSK SI be inherited to Rel-18 CE WI?
· Option 1: Yes

· Option 2: No 

· Option 3: Others

Moderator’s view: After reading vivo’s comment, perhaps, some may interpret the proposal applies to only pi/2 BPSK while the moderator has interpreted that the proposed principle is applied to other modulation like QPSK. It’s better to check that aspect before we conclude this with more clarification. Also, Ericsson has Option 3 and their position on this enquiry is related to Issue 1-4-2, where they proposed to include not only Pi/2 BPSK and QPSK, but also higher modulations. Though if higher modulation than QPSK is not the target of this enquiry and it’s covered by 1-4-2, their concern must be mitigated as far as it’s clarified that “Both data and DMRS would be filtered” is inherited to candidate modulations to be agreed in Rel-18 CE WI. With the all above consideration, the tentative agreement is as follows.
<Way forward/Agreement>: 

The agreement of “Both data and DMRS would be filtered” in Rel-17 pi/2 BPSK SI should be inherited to all candidate modulations to be agreed in Rel-18 CE WI
Discussion:
Issue 2-1-4: Definition of extension/reservation factor for spectrum extension and tone reservation
Discussed Option in the 1st round
· Define extension/reservation factor () as Excess band size / Total allocation, where 
· Inband size: Occupied REs after DFT-block

· Excess/reserved band size: The amount of spectrum extension.

· Total allocation size (Inband size + Excess/reserved band size): Occupied REs after spectrum extension 

· Option 1: Agree

· Option 2: Don’t agree

· Option 3: Others

Moderator’s view: The concern from companies would be future inconsistency between RAN1 and RAN4 terminologies. That is a reasonable concern. On the other hand, using the same terminology and definition within RAN4 is also needed to make discussion easier. And Qualcomm shared a good point that they can agree with the proposal for simulation activity.

<Way forward/Agreement>: 

· For simulation purpose, tentatively, define extension/reservation factor () as Excess band size / Total allocation, where 
· Inband size: Occupied REs after DFT-block

· Excess/reserved band size: The amount of spectrum extension.

· Total allocation size (Inband size + Excess/reserved band size): Occupied REs after spectrum extension 

· The definition is tentative and needs final confirmation in the future meetings.

Discussion:
Issue 2-1-5: Handling of asymmetric extension

Discussed Option in the 1st round
· Consider symmetric extension for FDSS with spectrum extension
· Option 1: Agree

· Option 2: Don’t agree

· Option 3: Others

Moderator’s view: Majority is OK with the proposal and Qualcomm prefers to including “only” to the proposal. Huawei showed concern that RAN1 inputs shall be the pre-requisite. Given that at least symmetric would be surely included while asymmetric is considered or not is uncertain, a tentative agreement is as follows.

<Way forward/Agreement>: 

· For performance evaluation, consider only symmetric extension for FDSS with spectrum extension. If consideration of asymmetric extension is needed or not is discussed depending on RAN1 input.

Discussion:
Issue 2-1-7: Channel bandwidth(s) and SCS(s) for 4 GHz

Discussed Option in the 1st round
· Consider one of the following options 
· Option 1: 20 MHz and 100 MHz with SCS of 30 kHz (From R4-2215515(Nokia))

· Option 2: 50 MHz and/or 100 MHz with SCS of 30 kHz (From R4-2216639(Ericsson)

· Option 3: 100 MHz with SCS of 30 (From R4-2215891(ZTE))

· Option 4: 20MHz with SCS of 15 kHz (From R4-2216121(vivo))

· Option 5: Others

Moderator’s view: Given that MPR is channel bandwidth, SCS and frequency bands in each Frequency range agnostic, it is understandable that we don’t need to restrict the evaluations for any channel bandwidths. The intention of this enquiry was to make comparison easier. Another observation is that there was no proposal on 50 MHz channel bandwidth. 

<Way forward/Agreement>: 

· For evaluation results comparison purpose, it is encouraged to include following channel bandwidths with SCSs for FR1. 
· 20 MHz with 15/30/60 kHz

· 100 MHz with SCS of 30 kHz

· There is no restriction to provide simulation results based on other combinations of channel bandwidths and SCSs

Discussion:
Issue 2-1-8: FDSS and filter coefficient

Discussed Option in the 1st round
· Consider one of the following options 
· Option 1: 3-tap, Pulse shaping filter (0.335 1 0.335) and Truncated RRC (0.5, 0.1667) (R4-2215515(Nokia))

· Option 2: 3-tap, Pulse shaping filter (0.28 1 0.28) (R4-2215891(ZTE) and R4-2216121(vivo)) 

· Option 3: Others

Moderator’s view: Since filter coefficient itself is transparent, some companies prefer not to agree with any coefficient or others are open to other options. On the other hand, transparent doesn’t mean any coefficient is allowed in the end since e.g., spectrum flatness requirements to be defined must be somehow met. Otherwise, power can be boosted but demodulation performance at gNB can be degraded. The agreement here doesn’t mean that the coefficient shall be used. With that in mind, recommended WF is as follows.  

<Way forward/Agreement>: 

· For calibration purpose, it is encouraged to use following coefficient.

· 3-tap, Pulse shaping filter (0.335 1 0.335) and (0.28 1 0.28)
· Truncated RRC (0.5, 0.1667) 

· There is no restriction to use other coefficient in simulations
Discussion:
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