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RAN approved a WI on further coverage enhancements for NR [1]. The WI includes the following objective:
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
The WI also includes corresponding justification point:
· DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Currently, UL waveform is configured via RRC and this limitation imposes a large barrier to switch over to DFT-S-OFDM waveform for cell-edge UEs practically.
This contribution summarizes contributions submitted in RAN1#112 under AI 9.14.3 – Dynamic switching between DFT-S-OFDM and CP-OFDM.
Here is the color code used in this summary:
· FL observations
· FL proposals
· Questions for the inputs from companies
· FL summary based on the companies’ input
· RAN1 agreements
A [LP]/[MP]/[HP] tag indicates envisioned priority of each issue in this meeting.
Contact information
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	Company
	Name
	Email

	InterDigital
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	Tetsuya Yamamoto
	yamamoto.tetsuya001 at jp.panasonic.com

	Nokia/NSB
	Quang Nhan
	nhat-quang.nhan@nokia.com

	Nokia/NSB
	Karim Kasan
	karim.kasan@nokia.com

	LG
	Duck Hyun Bae
	Duckhyun.bae@lge.com
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	Ling Su
	Ling.a.su@ericsson.com
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	Yongchang Liu
	liuyongchang@chinamobile.com

	Samsung
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	carmela.c@samsung.com

	Sharp
	Toshi Nogami
	nogami.toshizoh@sharp.co.jp

	Sharp
	Hiro Takahashi
	takahashi.hiroki@sharp.co.jp

	China Telecom
	Hang Yin
	yinh6@chinatelecom.cn

	ZTE
	Junfeng Zhang
	Zhang.junfeng@zte.com.cn

	Transsion
	Xingya Shen
	xingya.shen@transsion.com

	Sony
	Sam Atungsiri
	Sam.atungsiri@sony.com

	OPPO
	Zhisong Zuo
	zuozhisong@oppo.com

	Vivo
	Zhipeng Lin
	zhipeng.lin@vivo.com

	Lenovo
	Lingling Xiao
	xiaoll2@lenovo.com


Collection of agreements in RAN1#113 
Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.
Conclusion (Made in RAN#100, RP-231498)
RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Send LS to inform above agreement and conclusion.

Agreement
Draft LS R1-2308364 is endorsed in principle.
Agreement
Final LS R1-2308376 is endorsed.

Agreement
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.


Proposals 
Proposals for 1st Online session
	FL proposal 3-1
Support following enhancement to assist the scheduler in determining waveform switching:
· [Option 1]: Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.




	FL proposal 2-1: 
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.



	FL proposed conclusion 2-2r1: 
No special handling for DWS field is needed upon bandwidth part switching.



Proposals for 2nd Online session
	FL proposal 2-1: 
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.


Support: Panasonic, ZTE, Nokia/NSB, Intel, Sharp, Ericsson, Samsung, Lenovo, Spreadtrum, China Telecom, Sony, NTT DOCOMO
Not preferred: LG, vivo (link 0/1 values to “same” as msg3-transformPrecoder or “different” than msg3-transformPrecoder)

	FL proposal 4-1r1
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.


Preferred by: Panasonic, ZTE, Nokia/NSB, Intel, Sharp, Ericsson, Lenovo, Spreadtrum, China Telecom, OPPO, Ruijie Networks.
(Other proposals: Samsung, LG)

	FL proposal 3-2r2 (clean version)
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· FFS: Other cases where power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· For the support of power headroom information for assumed PUSCH, prioritize the case where multiplePHR = False and twoPHRmode is not enabled.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.
Send LS to RAN2 to inform above agreement.



Proposals for 3rd Online session
	FL proposal 3-2r4 (clean version)
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· At least the case where twoPHRmode is disabled and multiplePHR=False is supported. It is up to RAN2 whether to support other cases or not.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.



R1-2308476	Draft LS on Details of power headroom information for assumed PUSCH	Moderator (InterDigital, Inc.)
R1-2308477	LS on Details of power headroom information for assumed PUSCH	RAN1, InterDigital, Inc.
	FL proposal 4-2r1
Introduce a new RRC parameter under PHR-Config for configuration of reporting of power headroom information for an assumed PUSCH:
· Value range is {enabled}



Topic #1: Applicability of dynamic waveform switching 
A set of issues is related to the type of transmission concerned by dynamic waveform switching. 
The following cases are considered separately:
· Msg3 PUSCH scheduled by RAR or by TC-RNTI with DCI format 0_0
· UL CA and PUSCH scheduled by DCI format 0_3

[LP] Issue #1-1: Applicability to msg3 PUSCH
Summary of company views from contributions submitted to RAN1#114
Applicability to PUSCH scheduled by RAR and/or by TC-RNTI with DCI format 0_0
· Indication from RAR/DCI format 0_0 by TC-RNTI: Nokia [5], Sony [9], Oppo [21]
[Justification]
· Network does not always configure DFT-S-OFDM for msg3 [5]
· More important for retransmission than initial transmission [5]
· No issue related to partitioning in case of msg3 retransmission (?) [5]
· UEs may have different configurations and geometries [21]
[Solution]
· Signal by aperiodic CSI report bit of the RAR for UE in idle [9]
· Signal by MAC CE or PDCCH order for RACH for UE in connected or inactive [9]
· For msg3 retransmission, solution that does not impact DCI format 0_0 [5]
· Redefine resource allocation [21]
· Linked to use of msg1 repetition: Nokia [5], Sony [9], ZTE [10], Panasonic [11], Oppo [21]
· UE uses DFT-S-OFDM for msg3 tx/re-tx if multiple PRACH is applied and PUSCH repetition is scheduled [10][21]
· Does not require additional PRACH resource for waveform selection [11]
· Requires that PRACH repetition capable UE always support msg3 repetition (?) [11]
· Repetitions may be sufficient for PRACH but not for msg3 [5]
· Network can know if a UE is in coverage shortage or not by receiving msg1 [5]
· Linked to use of msg3 repetition: Intel [7], ZTE [10] 
· No indication from DCI format 0_0/RAR: ZTE [10], InterDigital [15]
· No (use msg3-transformPrecoder): Spreadtrum [4], CATT [12], CMCC [14], Lenovo [18], Sharp [19], NTT DOCOMO [20], (China Telecom [22]), Samsung [24], ETRI [26], Qualcomm [29], Mediatek [30]
· Motivation and benefit not clear [4][12][18][30]
· gNB does not have information on how much power is available [14][29][24]
· Additional preamble partitioning required for early indication of capability [12][24][20][26]
· Significant impact on RAR UL grant, fallbackRAR UL grant, DCI format 0_0 [12][14]
· Loss of PDCCH coverage if bit is added to DCI format 0_0 [26]
· Latency not a concern for msg3, repetitions are sufficient [26][29]
· gNB would anyway not configure CP-OFDM if msg3 repetition are supported [24] or in a cell which is large enough to include UEs that require DFT-S-OFDM [19]
· Should not link waveform of msg3 with msg1 [19]
· Limited time remaining for WI [22]

Observations on applicability to msg3 PUSCH
11 companies prefer to use legacy solution of setting waveform of msg3 according to msg3-transformPrecoder parameter. 6 companies prefer supporting a different solution, e.g. setting based on use of msg1 repetition or msg3 repetition and/or indicating from RAR or DCI format 0_0 by TC-RNTI.
Majority of companies think that benefit of any solution over legacy is unclear given the possibility of configuring msg3-transformPrecoder to enabled in a (large) cell where some UEs may be power-limited for msg3. There are also concerns for specific solutions, such as need for early indication of capability (e.g. if linked to msg3 repetition) and impact on RAR UL grant, DCI format 0_0.
The situation seems the same as in previous meetings. This topic will be treated with low priority. 
Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above.
	Company
	Comments

	ZTE
	The default msg3-transformPrecoder is a cell specific parameter not suitable for all the UE, especially the UE on the cell edge. So the motivation to enable the transformPrecoder to msg3 transmission is reasonable. A possible way is to link it to use of msg1 repetition, and there is no additional need for early indication of capability. 

	LG
	We agree with the FL’s observation. 

	China Telecom
	In fact, we are generally fine with DWS of Msg3, especially for the retransmission Msg3, but the method should not be same as currently since format 0_0 is a fallback format. So, considering the limited left, we agree that the topic be treated with low priority, but we are also fine if companies want to do some further work on it. 

	Sony
	We think in any circumstances in which Msg1 has to use multiple transmissions, Msg3 will also need coverage extension. So we are in favour of linking multiple PRACH transmission with DWS for Msg3.

	OPPO
	Lifting Msg3 with semi-statically waveform and let the PRACH/Msg3 repetition dynamically does not make the coverage equally extended. We still think at list a more dynamical ways of Msg3 waveform should be adopted. 



[MP] Issue #1-2: Applicability to UL CA and DCI format 0_3
Summary of company views from contributions submitted to RAN1#114
Support DWS when UE is configured with UL carrier aggregation?
· Yes: Spreadtrum [4], ZTE [10], Panasonic [11], InterDigital [15], (Apple [16]), (NTT DOCOMO [20]), Qualcomm [29], Ericsson [28].
· At least for inter-band CA [4]
· DWS can be used not at the extreme cell edge [11]
· Option 1: UE capability per band combination or Option 2: No concurrent transmission [11]
· Configuration of different waveforms for intra-band UL CA has been supported since NR R15 [28]
· Indicate capability of whether the same waveform should be assumed on scheduled carriers in intra-band UL CA [16]
· Indicate UE capability [15] indicated at FSPC granularity [29]
· UE needs to be prepared for different combinations of waveforms to be transmitted using the same PA [29]

Applicability to PUSCH scheduled by DCI format 0_3
· Yes: Vivo [6], (ZTE [10]), Intel [7], (Apple [16]), NTT DOCOMO [20], (Ericsson [28])
[Justification]
· Straightforward application [7]
· Benefit of DWS is valid irrespective of DCI formats [20]
[Solution]
· Use multiple bits at least for inter-band serving cells [6]
· Use 1 bit per co-scheduled cell (Type 2) [7][20]
· Coverage condition could be different in different CC’s [20]
· Use Type-1B field [16]
· 1-bit DMRS sequence initialization field in DCI 0_3 is applied to all scheduled cells for which transform precoding is not enabled indicated by scheduled cell s indicator field or frequency domain resource assignment field independently [28]
· If applied to all scheduled cells, DWS use is prevented
· DWS field design for DCI format 0_3 depends on whether different waveforms can be dynamically indicated for the scheduled cells [28]
· Discuss under MC WI: Spreadtrum [4], LG [8]
· Details such as indication per-cell or all cells to be discussed under MC WI [4]
· Avoid unnecessary repetition of discussion in MC WI for information fields dependent on DWS [8]
· Low priority: China Telecom [22]

Other issues related to UL carrier aggregation
· Nokia [5] proposes that RAN further study the DWS for multiple PUSCHs in multiple serving cells considering further analysis on consecutive PUSCHs scenario.
· Ericsson [28] proposes to study how to prevent the problem where a gNB expects higher UE transmission power with waveform switching in an UL carrier, which is prevented by UE allocating more power for the simultaneous UL transmission in another UL carrier.

Observations on applicability to UL CA and PUSCH scheduled by DCI format 0_3
6 companies propose to agree that DWS is supported for the case of UL carrier aggregation, and it seems that no company is opposing this. Several companies propose that applicability to UL CA is subject to capability considering that dynamically changing combinations of waveforms on carriers supported by the same PA may increase complexity. It seems reasonable that a capability aspect is introduced, although details would be best discussed under UE features AI. Thus, moderator proposes the following:
	FL proposal 1-2: 
Dynamic waveform switching is supported for a UE configured with multiple UL carriers.
· This feature is subject to UE capability. FFS details. 




9 companies discuss applicability of DWS to PUSCH scheduled by DCI format 0_3. 6 companies seem supportive of applying DWS to PUSCH scheduled by DCI format 0_3, while 3 companies think it should be discussed under MC WI or is low priority. Considering the status of MC WI, moderator thinks discussion on this aspect can wait.
Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please feel free to indicate your view on FL proposal 1-2:
	Company
	Comments

	Panasonic
	We support the FL proposal.

	ZTE
	We still suggest starting the discussion in this agenda and agreeing this topic is valid first. 

	vivo  
	Support FL’s proposal.

	Nokia, NSB
	We are generally fine with FL proposal 1-2. We agree with FL that details of UE capability should be discussed under UE feature AI. In this regard, the sub-bullet is not necessary, and we suggest removing it to avoid confusion.

	Intel
	We are fine with FL proposal. We would like to also support dynamic waveform switching for PUSCH scheduled by DCI format 0_3. 

	Sharp
	We support the FL proposal.

	Ericsson
	Agree with Nokia. Main bullet is sufficient. 

	Samsung
	We are fine to support DWS for UL CA, but this would only have impact to UE features.
For the support of DCI format 0_3, it should be discussed in MC. We don’t think that the discussion should be postponed to maintenance phase of coverage enhancements.

	Lenovo
	Fine with FL proposal 1-2. The details (e.g., whether 1 bit or multiple bits are used for waveform switching for multiple carriers) can be discussed under MC WI.

	Spreadtrum
	We support the FL proposal.

	LG
	Fine with FL proposal 1-2. However, further details of this topic should be discussed in the MCE WI since the DCI format 0_3 may not only contain the DWS field but also the other information fields.

	China Telecom
	We are fine with the FL proposal 1-2.  And we share the similar view as Nokia and Ericsson, the current sub-bullet seems unnecessary.
As for the application for DCI format 0_3, we think even if it is supported, we should just discuss whether to support it, the details shouldn’t be discussed in this WI.

	Sony
	We support FL proposal 1-2

	OPPO
	We think the whole thing should be the UE feature discussion. If we did not conclude UL CA should not work with DWS, UE feature any way will discuss it.

	NTT DOCOMO
	Support. We believe it is nice to have an explicit agreement in WI. 

	Ruijie Network
	We are fine with FL proposal 1-2.



Topic #2: Dynamic switching mechanism
[HP] Issue #2-1: DWS field interpretation and position within DCI format
Summary of company views from contributions submitted to RAN1#114
DWS field interpretation
· Fixed association between field value and waveform: Spreadtrum [4], ZTE [10], Huawei [2], InterDigital [15], CMCC [14]
· 0 for DFT-S-OFDM, 1 for CP-OFDM: Spreadtrum [4], ZTE [10], InterDigital [15]
· Straightforward approach [10]
· Align to order used in transformPrecoder parameter [10][15]
· If switching from BWP that does not support DWS to a BWP that supports DWS, the waveform corresponding to value “0” is indicated due to zero-padding procedure [15].
· Linking to RRC parameter for flexibility is unnecessary as it is corner case [15][29]
· 0 for CP-OFDM, 1 for DFT-S-OFDM: CMCC [14]
· 0 for same value as RRC parameter (msg3-transformPrecoder), 1 for different value as RRC parameter: LG [8], Panasonic [11]
· Allows configuration of initial transmission upon switching to BWP not supporting DWS without changing BWP switching procedure [8][11]

DWS field position
· Before any field that has waveform-dependent interpretation: Spreadtrum [4]
· Facilitates parsing, avoid two passes [4]
· At the end of existing fields of DCI format 0_1/0_2: ZTE [10]
· To not change legacy UE behavior too much [10]

Observations on DWS bit interpretation
7 companies discuss DWS field interpretation. 5 companies suggest adopting a fixed mapping between field value and waveform, which seems straightforward approach and seemed agreeable by majority of companies that expressed views in pre-meeting comments of RAN#113. 
2 companies propose a different approach where the interpretation of the field depends on the value of a higher-layer parameter such as msg-transformPrecoder. The motivation is to allow the network to RRC-configure the applicable waveform of the initial transmission on a BWP supporting DWS from a bandwidth part not supporting DWS, since zero-padding is used in such a situation as per existing BWP switching procedure.
Moderator still recommends agreeing on the simple field interpretation to avoid specification complexity. Note that initial transmission when switching from a BWP not supporting DWS to a BWP supporting DWS is discussed in Issue#2-2 below. From moderator’s perspective, it is unclear that there is any problem that needs to be addressed. In addition, it seems that other solutions are possible even if RAN1 agrees that special handling of this case is required.
	FL proposal 2-1: 
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.


Regarding DWS field position, 1 company proposes that it is appended at the end of existing fields and 1 company proposes that it is located before field that has waveform-dependent interpretation to facilitate parsing. In pre-meeting comments of RAN1#113 [31], majority of companies that expressed view believe that this issue is not critical.
Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please feel free to indicate in FL proposal 2-1 is acceptable.
	Company
	Comments

	Panasonic
	We are OK with the FL’s recommendation that simple field interpretation is used to avoid specification complication.

	ZTE
	Support the proposal

	vivo  
	Given the definition of the bit is also related to the BWP switching issue discussions as pointed by companies. It would be safer to discuss them together.
If RRC configured waveform is always applied when BWP switching happens, we’re fine with FL’s proposal. Otherwise, bit Value “0” of dynamic waveform switching indicator field maps to the waveform same as RRC configured. Value “1” of dynamic waveform switching indicator field maps to waveform different from RRC configured waveform.
Considering the default waveform should be RRC configured waveform instead of a fixed waveform, it is preferred to have value “0” of dynamic waveform switching indicator field mapping to the waveform same as RRC configured.


	Nokia, NSB
	We support FL’s proposal 2-1.

	Intel
	We support the FL proposal. 

	Sharp
	OK with the FL proposal 2-1. We suggest also agreeing on that the dynamic waveform switching indicator field value is set to “0” for CS-RNTI with NDI=0.

	Ericsson
	Support FL proposal 2-1

	Samsung
	Proposal is fine.

	Lenovo
	Fine with FL proposal 2-1. We have no preference on the position of the DWS field, since per field alignment was agreed, the position could be up to the editor.

	Spreadtrum
	We support the FL proposal 2-1.

	LG
	When UE is indicated to switch from the source BWP not supporting DWS to the target BWP supporting DWS, ‘0’ value is automatically appended in DWS field as per section 12 in TS 38.213 as a result of the BWP switching case in the Issue #2-2.

Thus, mapping this value ‘0’ to the same waveform as higher layer parameter can prevent undesirable interpretation instead of just fixing to the DFT-S-OFDM as in FL proposal 2-1. We believe this is a unified solution to be applied to both DWS bit interpretation and BWP switching as in Issue #2-2 without any further specification impact. Given the situation, we suggest down-selecting one of alternative options as below.FL proposal 2-1: 
Alt 1:
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.

Alt 2:
Value “0” of dynamic waveform switching indicator field maps to the same transform precoding as higher layer signaling (e.g., msg3-transformPrecoder).
Value “1” of dynamic waveform switching indicator field maps to the different transform precoding as higher layer signaling (e.g., msg3-transformPrecoder).


	China Telecom
	We support the FL proposal. 

	Sony
	We support FL proposal 2-1

	OPPO
	Align with RRC is preferred.

	NTT DOCOMO
	Ok. Our slight preference is to map ‘0’ to CP-OFDM. Otherwise, when reusing legacy BWP switching behaviour, NW has to ensure e.g., FDRA to be compatible to FDRA allocation. 

	Moderator
	@Panasonic, ZTE, Nokia/NSB, Intel, Sharp, Ericsson, Samsung, Lenovo, Spreadtrum, China Telecom, Sony, NTT DOCOMO: Thanks for support.
@vivo, LG: it seems that there is no critical issue in BWP switching that would justify the extra complexity.
@OPPO: What does “align with RRC” mean?




[MP] Issue #2-2: Bandwidth part switching
Summary of company views from contributions submitted to RAN1#114
Support dynamic waveform switching in case of BWP switching: Intel [7]
· Enable dynamic adjustment of both bandwidth and waveform [7]

BWP switching from BWP not supporting DWS to a BWP supporting DWS:
· RRC-configured waveform: vivo [6], (ZTE [10]), Nokia [5], (Panasonic [11]), ETRI [26]
· Network doesn’t know appropriate waveform for initial transmission [6]
· May provide more suitable waveform in target BWP [10]
· If fixed association between DWS field and waveform, this is preferable [11]
· No change necessary: Spreadtrum [4], Intel [7], (LG [8]), (ZTE [10]), (Panasonic [11]), InterDigital [15], (OPPO [21]), Qualcomm [29]
· Existing zero-padding procedure from TS38.213 works [4][10][15][29]
· No specification impact [10]
· Can configure waveform of initial transmission if DWS field value is mapped to higher layer parameters [8]
· Only if DWS field interpretation is “same” vs “different” than higher layer parameter [11]

BWP switching from BWP supporting DWS to a BWP not supporting DWS:
· No change necessary (apply RRC-configured waveform): Spreadtrum [4], ZTE [10], Panasonic [11], (OPPO [21])

BWP switching from BWP supporting DWS to a BWP supporting DWS:
· gNB indicates RRC-configured waveform: ZTE [10]

Observations on BWP switching
11 companies discuss aspects related to BWP switching. There seems to be no issue at least with the cases where DWS is configured in the source BWP or when DWS is not configured in the target BWP. 
For the case of DWS not configured in the source BWP and DWS configured in the target BWP, according to the legacy zero-padding procedure for BWP switching, the UE applies the waveform corresponding to value “0” of the DWS field.
· 5 companies would prefer that the UE applies a waveform configured by RRC for this case, either by special handling of DWS field in bandwidth part switching or by mapping the value of the DWS codepoint to the value of a RRC parameter as described in Issue #2-1.
· 6 companies do not think there is a problem to be solved, since only the first transmission on the target BWP is concerned.
Moderator recommends to not specify any special handling for this case unless a critical problem is identified. It should be noted that the zero-padding solution for BWP switching can create “sub-optimum” parameters for the initial transmission in target BWP also with respect to other fields since R15 (e.g. FDRA field when bandwidth is different) and no special handling was defined for these other fields. It is unclear what would now justify using a different approach for the DWS field.
	FL proposed conclusion 2-2: 
No special handling for DWS field upon bandwidth part switching, i.e. UE applies waveform corresponding to DWS field value “0”.



Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please indicate if you agree with FL proposed conclusion 2-2. If not, please explain the critical problem that needs to be addressed.
	Company
	Comments

	Panasonic
	If FL proposal 2-1 is agreed (we said the FL proposal 2-1 is also acceptable), our first preference is that UE applies a waveform configured by RRC for the case of DWS not configured in the source BWP and DWS configured in the target BWP. On the other hand, since dynamic BWP switching may not be so popular, optimization for this case may not be necessary. Then, the FL proposed conclusion is also acceptable to us.

	ZTE
	The proposal needs clarification.
For the case of DWS configured in the source BWP and DWS not configured in the target BWP, the behaviour is truncation on DCI field but not zero padding, it seems the DWS field value “0” doesn’t exist.
For this case, we assume the waveform used is the RRC configured waveform in target BWP. If the assumption is confirmed, the above proposal should be restricted to the case of DWS not configured in the source BWP and DWS configured in the target BWP.

	vivo  
	Similar to comment to FL’s proposal 2-1, this issue should be discussed together with 2-1.
RRC configured waveform is preferred when BWP switching happens.
If ‘0’ means RRC configured waveform is applied, we’re fine with FL’s proposal.

	Nokia/NSB
	With FL’s proposal 2-1, UE would use DFT-s-OFDM for the first transmission after switching (corresponding to value “0” for the DWS field) for the case switching from a BWP not supporting DWS to a BWP supporting DWS. This seems conservative but acceptable from coverage enhancement perspective. Therefore, although our initial position is to use the RRC configured waveform in the target BWP, we can accept FL proposal for the sake of progress.

However, the wording of the FL proposed conclusion 2-2 may be misleading, as the example of value “0” is only for switching from a BWP not supporting DWS (or from a BWP supporting DWS but the gNB indicates “0”). So we suggest removing “0” from the conclusion, i.e., 
“No special handling for DWS field upon bandwidth part switching, i.e. UE applies waveform corresponding to DWS field value “0”.”



	Intel
	We are fine with FL proposal and update from Nokia. We do not think special handling is needed for dynamic waveform switching + BWP switching. 

	Sharp
	We have the same comment as Panasonic. Our 1st preference is to use RRC-configured waveform, but we can live with the FL’s proposed conclusion as well.

	Ericsson
	Support FL proposed conclusion 2-2.

	Samsung
	We agree with the principle of the proposal. Perhaps it could be even clearer: “Support of DWS with BWP switching does not require RAN1 specification changes”. 

	Lenovo
	Support the conclusion 2-2 that a UE’s behaviour can follow current specification.

	Spreadtrum
	We support no special handling for DWS and BWP switching. But it should be clarified the FL proposed conclusion 2-2 is applied for the case of DWS not configured in the source BWP and DWS configured in the target BWP.

	LG
	We are fine with the FL proposed conclusion 2-2, and note that UE interpretation for the value ‘0’ (e.g. waveform type) can be differently expected depending on the down-selection given the comment in the Issue #2-1.

	China Telecom
	We are fine with the motivation of proposal 2-2. But the current wording seems misleading since the meaning of DWS indication ‘0’ haven’t been decided. What’s more, we think referring to RRC configuration of waveform can also be applied, which brings no specs impact at all.

	Sony
	The proposal should be clarified and discussed together with Proposal 2-1

	OPPO
	We support the Proposal 2-1

	NTT DOCOMO
	Ok. 

	Ruijie Network
	We support FL proposed conclusion 2-2.

	Moderator
	@Panasonic, Nokia/NSB, Intel, Sharp, Ericsson, Samsung, Lenovo, Spreadtrum, OPPO, NTT DOCOMO, Ruijie Network: thanks for supporting in principle.
@ZTE, Nokia/NSB, Samsung: Agree that the “i.e.” part only applies for the case when switching from BWP without DWS to a BWP with DWS. To simplify, given that no change is needed for other cases, suggest to remove the “i.e.” part. 



	FL proposed conclusion 2-2r1: 
No special handling for DWS field is needed upon bandwidth part switching.




[MP] Issue #2-3: Handling of FDRA type/DMRS type
Summary of company views from contributions submitted to RAN1#114
Related agreements from RAN1#112bis-e
	Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.

Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.

· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.



FDRA type
· Option 1 (error case): vivo [6], Spreadtrum [4], ZTE [10], CATT [12], Intel [7], Xiaomi [17], CMCC [14], Apple [16], LG [8], Oppo [21], China Telecom [22], Ericsson [28], Mediatek [30], Mavenir [25], Transsion [27], ETRI [26], Qualcomm [29]
· Still possible to configure dynamicSwitch, maintains flexibility of CP-OFDM: [4]
· Easy and up to proper configuration, gNB implementation issue [4][10][12][17][14][21][30][27][29]
· Less specification/implementation impact than Option 2 [4][10][28][25]
· Contiguous resource allocation is typically utilized [7]
· No critical issue if FDRA type 1 is configured for both waveforms [8][10]
· Option 2 requires alignment of FDRA field [25]
· UE operating DWS is not in cell center, likely low-mobility, don’t need full flexibility [26]
· Specification impact of Option 1? Yes [6]. No [10].
· Option 2 (apply only for CP-OFDM): Huawei [2], InterDigital [15], Panasonic [11], Lenovo [18], NEC [13], Nokia [5], Samsung [24], Sharp [19], NTT DOCOMO [20], Google [23]
· Option 1 reduces flexibility [13][5], dynamicSwitch is optional UE capability [2][20]
· Option 1 adds 1 bit of DCI overhead [15][11][19]
· Not much difference in specification effort between options [19][23]
· Restrictions on operation of DFTS-S-OFDM or CP-OFDM reduce motivation for DWS [20]
· UE configured with DWS may be in CP-OFDM region for a long time [23]

DMRS type
· Option 1 (error case): vivo [6], Spreadtrum [4], ZTE [10], Intel [7], CATT [12], Xiaomi [17], CMCC [14], LG [8], Oppo [21], Ericsson [28], Mediatek [30], Mavenir [25], Transsion [27], ETRI [26], Qualcomm [29]
· Same handling as FDRA type [4][12][8][21][28][25][27][29]
· Scheduling restriction is not severe [7], no critical issue if DMRS type 1 is configured for both [8]
· DMRS type 2 is for MU-MIMO/cell throughput, rarely used in coverage-limited scenarios [10]
· Avoid that DWS field controls the DMRS type [14]
· UE operating DWS is not in cell center, likely low-mobility, don’t need full flexibility [26]
· Specification impact of Option 1? Yes [6]. No [10].
· Option 2 (apply only for CP-OFDM): Huawei [2], InterDigital [15], China Telecom [22], Panasonic [11], Lenovo [18], NEC [13], Nokia [5], Apple [16], Samsung [24], Sharp [19], NTT DOCOMO [20], Google [23]
· Option 1 reduces maximum number of supported antenna ports, reducing user capacity and throughput [2]. Not compatible with R18 MIMO enhancements [18].
· Need to allow configuring DMRS type 2 [19] which improves throughput for CP-OFDM. Aligned with intention of DWS [16].
· Better flexibility [15][22][11][13][5]
· Low specification impact [15][23]
· Restrictions on operation of DFTS-S-OFDM or CP-OFDM reduce motivation for DWS [20]
· UE configured with DWS may be in CP-OFDM region for a long time [23]

Other waveform-specific configuration aspects
Vivo [6] proposes that configuration of pi/2 BPSK modulation when DWS is configured is handled as an error case.
· Moderator’s note: Not sure if there is an issue here since parameter tp-pi2BPSK controls variable q which is present only in MCS tables that are specifically for DFT-S-OFDM.

Observations on handling of FDRA type, DMRS type and other waveform-specific configuration aspects
For FDRA type, 17 companies prefer Option 1 (error case) and 10 companies prefer Option 2 (apply only for CP-OFDM). Majority of companies think that the restriction introduced by Option 1 is acceptable since it would still be possible to use resource allocation type 0 with CP-OFDM by configuring dynamicSwitch at the cost of 1 bit of overhead if UE supports dynamic switching between FDRA types. From pre-meeting comments to RAN1#113 [31], some companies also think that FDRA type 0 is not widely used.
For DMRS type, 15 companies prefer Option 1 (error case) and 12 companies prefer Option 2 (apply only for CP-OFDM). Thus, there is also a majority of companies preferring Option 1 but more companies have concerns because there is no workaround allowing use of DMRS type 2 when DWS is configured. Some companies observe that DMRS type 2 is envisioned mainly for UEs typically in good radio conditions. On the other hand, other companies think that restricting usage of DWS only to UEs at cell edge reduces attractiveness of the feature. 
Given the above observations and since the views are quite split on the issues, moderator suggests the following compromise:
· Option 1 for FDRA type
· Option 2 for DMRS type
This leads to following proposal:
	FL proposal 2-3: 
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured:
[Option 1]
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured:
[Option 2]
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.




Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please feel free to indicate if FL proposal 2-3 is acceptable.
	Company
	Comments

	Panasonic
	We support FL’s compromised approach.

	ZTE
	Fine with the part of FDRA type, but not prefer the part of DMRS type.
Actually, for the UE has requirement of dynamic waveform switching, the coverage is prioritized but not the throughput. DMRS type 2 is mainly focusing on MIMO case, then the limitation of DMRS type 2 would not a big issue. Then we still support Option 1 for DMRS type.

	vivo  
	Unified solution is preferred.
Regarding tp-pi2BPSK, when it’s configured, RRC waveform has to be DFT-s-OFDM. In such case, when DWS is enabled, how to determine the MCS table for the case of switching to CP-OFDM? In our view, CP-OFDM is not expected when this parameter is enabled. So it should be treated in the same way as DMRS type configuration, which is RRC configured. In 38.331, this parameter is put PUSCH-Config.
	tp-pi2BPSK ENUMERATED {enabled} OPTIONAL, -- Need S
tp-pi2BPSK 
Enables pi/2-BPSK modulation with transform precoding if the field is present and disables it otherwise. 





	Nokia, NSB
	We fully understand the situation that led to FL’s proposal 2-3. However, it’s really unfortunate if we adopt two different approaches for the two similar scenarios. We hope to discuss more to find a middle ground. 

	Intel
	We are fine with proposal for FDRA. For DMRS, we think it should be considered as an error case. At this stage, we do not think such optimization is needed considering the issue mentioned by ZTE. 

	Sharp
	Agree with Nokia. Better to seek a unified solution, though we also understand the situation.

	Ericsson
	We prefer that the same solution is used.

	Samsung
	Agree with previous comments on having a unified solution. The issue is rather trivial and does not justify two solutions for two similar scenarios.

	Lenovo
	Although we prefer both option 2 for a unified solution, but FL proposal 2-3 is acceptable to us.

	Spreadtrum
	We prefer a unified solution to handle the two similar scenarios. We support Option 1 for FDRA type and DMRS type.

	LG
	Acceptable

	China Telecom
	We are fine with proposal. But we also think a unified solution should be applied. Considering the DMRS type 2 for CP-OFDM can be limited if Option 1 is adopted, we prefer to adopt Option2 for both FDRA and DMRS. 

	Sony
	We prefer a unified solution but can accept FL proposal 2-3

	OPPO
	Unified option 1 should be accepted for both situation.

	NTT DOCOMO
	Ok. If aligned approach is necessary then our preference is option 2 for both. 



[LP] Issue #2-4: Other issues related to dynamic switching mechanism
Summary of proposals from contributions submitted to RAN1#114
ZTE [10] proposes that during carrier switching, the DCI size should be aligned between the cross-carrier scheduling and self-scheduling when the same DCI format is used.
China Telecom [22] proposes that For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· Moderator’s note: this seems already agreed in RAN1#112bis-e.

Sony [9] proposes that RAN1 adopts DWS for Type 2 CG-PUSCH signaled by activation (for VoNR).
CMCC [14] proposes to study potential enhancement to enable UE fallback from DWS to legacy DCI.
Lenovo [18] proposes that UE applies maxRank=1 if DFT-S-OFDM is indicated, configured maxRank if CP-OFDM is indicated.
OPPO [21] proposes to update RAN1#112 agreements as: DWS in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant, except for retransmission.
· Moderator’s note: this is unnecessary, because a retransmission is a dynamic grant and the case is also already covered by agreement from RAN1#110bis-e.

Observations on other issues related to dynamic switching mechanism
The above proposals seem related to aspects that were concluded in earlier meetings and/or seem to have lower priority. 
Pre-meeting comments
Please indicate if you would like to discuss any of the proposals in this section.  
	Company
	Comments

	OPPO
	Thanks for FL’s comment.

#112’s agreement “Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant”. Unclear if the retransmission is still belonging to “Type 1 configured grant”.


	
	

	
	

	
	

	
	

	
	

	
	

	
	



Topic #3: Assistance information for switching waveform
[HP] Issue #3-1: Introducing assistance information for switching waveform
Summary of company views from contributions submitted to RAN1#114
Related agreement from RAN1#113
	Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 



Whether to support PHR enhancement or not?
Option 1 (yes): Huawei [2], Ruijie network [3], Spreadtrum [4], Nokia [5], vivo [6], (LG [8]), Panasonic [11], NEC [13], (CMCC [14]), InterDigital [15], Apple [16], Xiaomi [17], Lenovo [18], NTT DOCOMO [20], China Telecom [22], Google [23], Mavenir [25], ETRI [26], Transsion [27], Ericsson [28]
· Informs gNB on UE-dependent Pcmax difference [3][4][5][20][27][28], avoids throughput/latency loss [2][5][15][28]. 
· Throughput loss from Pcmax uncertainty evaluated by system-level simulations in [28]:
· For 5-percentile UEs, 0~1dB and 0~2dB overestimation of PCMAX of target waveform respectively causes 7.3% and 19% lower throughput, in the comparison with proper scheduling. The same amount of underestimation causes 13% and 26% lower throughput. 
· For 50-percentile UEs, 0~2dB overestimation of PCMAX of target waveform causes 30% lower throughput. The same amount of underestimation causes 3% lower throughput.
· Allows gNB to evaluate if it is beneficial to switch waveform [20][23] and other transmission parameters [3][4][5][16][18]
· Alternative strategy of scheduling back-to-back PUSCHs with different waveforms suffers from estimation error, time varying pathloss, UE power variations and phase inconsistency [5]
· Allows DWS to provide advantage in scenarios where coverage enhancements are needed [5][6]

Option 4 (no): Intel [7], Sony [9], ZTE [10], Sharp [19], OPPO [21], Samsung [24], (Mediatek [30])
· [bookmark: _Hlk143077250]Pcmax uncertainty is less than +/-0.75 dB. Throughput loss impact minimal with HARQ [24]
· Information has limited usefulness beyond initial transmissions after switch because scheduling parameters can change [10][19][24]
· With no new triggering condition, information may not be timely [7][24]
· Increases MAC CE payload size especially for multiple entry PHR [7][10][21][30]
· Specification impact [21], too late in WI [9]
· Performance gains unclear/not shown/optimization [10][21][30]
· Alternative strategies can be used, e.g. back-to-back scheduling with different waveforms [7], collecting quality statistics of received PUSCHs [9], conservative scheduling with CP-OFDM [10], using existing PHR / measurement [10]

Observations on introducing assistance information for switching waveform
20 companies support specifying assistance information for switching waveform based on Option 1 (Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH), while 7 companies do not support.
Supporting companies think that providing information is beneficial because the gNB can schedule using the other waveform knowing the exact (UE implementation-dependent) available power instead of relying on RAN4 requirements or other strategies. One company [28] provided evaluation results in support of this, showing throughput loss of ranging between 7.3% and 26% depending on the uncertainty interval for 5th percentile UEs.
Non-supporting companies think that the throughput loss would be minimal given the Pcmax uncertainty internal and the availability of HARQ, and that other gNB implementation strategies can be used to mitigate the issue. The companies also have concerns about additional MAC CE overhead and specification impact which do not seem justified given uncertain gains.
Considering the majority view, moderator recommendation is that RAN1 agrees on supporting the enhancement based on Option 1.
	FL proposal 3-1
Support following enhancement to assist the scheduler in determining waveform switching:
· [Option 1]: Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.




Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please also indicate:
· Any comment on the evaluation results from [28]
· If FL proposal 3-1 is acceptable

	Company
	Comments

	Panasonic
	We think the evaluation results from [28] should be respected. Related to FL observation, we think it is not beneficial, but rather necessary. We are fine with FL proposal 3-1.

	ZTE
	The specification work is not needed, we think the back to back solution could solve the problems and satisfy the performance without any specification impact.

	vivo  
	We’re fine with FL’s proposal. The necessity of PHR enhancement is clearly justified by the gain observed from Ericsson’s simulation results.
And we do not think the back to back scheduling is a way and cannot be relied on to solve the issue given different transmissions as many parameters should be assumed to be the same. There will also be issue for TDD case with limited uplink resources.

	Nokia, NSB
	We support FL proposal 3-1. The evaluation results from [28] clearly show technical advantage of Option 1. These results also clarify concern on unclear gain brought by Option 1. In addition, we would like to mention that, as analyzed in our Tdoc, no alternative strategy can be used to provide similar advantage without many additional drawbacks. 

	Intel
	We share similar view as ZTE. 

	Sharp
	In our understanding, the evaluations in [28] assume the same L1 parameters (such as MCS, RA and rank) before/after the waveform switching. However, when the link quality rapidly degrades, the typical gNB’s reaction would be to change not only the waveform but also other L1 parameters. In this case, we are not sure how much the Pcmax reporting assuming the same L1 parameters would be beneficial for the gNB to predict the actual UE’s Pcmax. 
Having said that, even for the above case, if the network vendors really see some benefit from the Option 1 reporting, we do not oppose to go with FL’s proposal. 

	Ericsson
	Regarding back-to-back PUSCH transmissions with different waveforms, as discussed in last RAN1 meeting, if a gNB aggressively schedules PUSCH transmission with the target waveform, it risks the successful decoding. With gNB conservative scheduling, a UE may not transmit PUSCH with its maximum output power of the target waveform. With either scheduling, gNB can’t know exactly the Pcmax,f,c of the target waveform.

Our simulation has shown significant impact of correct and incorrect power headroom information of the target waveform on gNB scheduling. The 5%-tile throughput of 0~1dB overestimation/underestimation is 7.3% and 13% lower than that with gNB scheduling with correct information. 
@Sharp, rank is the same before and after waveform switching, because we assume 1-antenna UEs. Other L1 parameters are subject to gNB scheduling and partly dependent on UE Pcmax of the waveform.

	Samsung
	We do not support FL proposal 3-1.

We would like to discuss the assumptions and results from [28] as some are counter-intuitive.  
The source of the whole discussion is that a UE may apply a PAPR reduction mechanism for CP-OFDM based on its implementation. That has nothing to do with PHR reporting and, if any need, it can be provided as part of the overall capability for DWS. There are also NW-based approaches that can be trivially done only once to obtain that information without any information in capability.
PHR reporting for unused waveform is detrimental and cannot provide any useful information, particularly in conjunction of no new triggering mechanisms. 

	Lenovo
	Support FL proposal 3-1.

	Spreadtrum
	We support the FL proposal 3-1. The Ericsson’s evaluation results shows clear gain when the PH information of two waveforms are available. With PH information of two waveforms, gNB can select appropriate waveform, suitable RB allocation and MCS.
The back-to-back solution is not appropriate to determine whether to switch waveforms or not since it does not provide exact Pcmax difference between waveforms.

	LG
	Generally, we are fine to support the FL proposal 3-1. However one clarification is helpful to understand this proposal further. Does power headroom information include both Pcmax and Type 1 PH? PHR in FR1 carries Pcmax and Type 1 PH while PHR carries Pcmax, Type 1 PH, and P-MPR if any in FR2

	China Telecom
	We support the proposal. According to the simulation results of Ericsson and other companies, the PHR enhancement can bring a benefit for the throughout, so at least Option 1 should be supported and details can be discussed later.
It is obviously that the PHR enhancement has a better performance than the “back to back” method. We wonder what’s the concerns for companies that not supporting the PHR enhancement. 

	Sony
	We share ZTE view. Not enough time for new specification work and we don’t think the system is broken without.

	Ruijie Network
	We support FL proposal 3-1.



Offline Monday
During the offline session, companies discussed the potential benefit of the proposed enhancements. Ericsson presented new simulation results from [28] and this was followed by questions and discussion on the interpretation of these results.
A set of companies think that the results confirm the necessity of the enhancements and quantify the gain that is achievable from the enhancements.
Some companies have concerns about the following aspects:
· (Samsung, Huawei) Whether the simulation results assume availability of PHR information for all transmissions and whether this would imply frequent PHR reporting or new PHR trigger. Proponents think that the switching decision can happen based on PHR reports and they don’t necessarily need to be much more frequent. Companies still have concern that the information may not be useful in case Pcmax reduction is caused by P-MPR at the time of PHR reporting. This could eventually be improved if additional trigger is introduced.
· (Samsung) Whether the information is transmitted redundantly for a given MCS and RB allocation. Proponents think the MCS and RB allocation can change frequently and depends on how much of the power reduction is due to P-MPR, thus the information is not redundant. In addition, the information is not available from UE capability.
· (Samsung) Whether the same benefit could be achieved using back-to-back scheduling with different waveforms. Proponents think that this results in decoding failures and poor performance. Also, there may not be enough data buffered to perform back-to-back scheduling. Proponents also think we should focus on benefit based on current gNB operation and not unproven gNB implementation solutions.
· (Samsung) Why the 1 dB difference in Pcmax error results in so much degradation at system-level. Proponents think that this is due to link-level simulations not considering potential changes in scheduling.
[bookmark: _Hlk143494881]
Moderator suggests making decision on this issue based on FL Proposal 3-1 above.
[HP] Issue #3-2: Details of assistance information for switching waveform
Summary of company views from contributions submitted to RAN1#114
Definition aspects
· RB number, PRB location, MCS for target waveform calculation derived from actual PUSCH [15][16][17][18][27][29]
· PHR for a target waveform determined reference PUSCH in case no PUSCH uses same waveform [18][23]
· For PHR of assumed PUSCH not computed, discuss 1) msg3 PUSCH 2) CG-PUSCH 3) RA type 0/non-contiguous FDRA 4) pi/2 QPSK [12]
· PH or Pcmax for assumed PUSCH can be reported in the assistance information [5]
· UE assistance information is defined as real power headroom information which is also based on the actual PUSCH transmission but with different waveform from the waveform assumed for the calculation of legacy actual Type 1 PHR. [6]

Restrictions
· Recommend assistance information is also enabled for multiplePHR or twoPHR is enabled [5]
· Not enabled if multiplePHR is enabled [11]
· Not enabled for MPE P-MPR report [15]
· Not enabled if two PHR is enabled [11][15]
· Support power headroom information only for DG-PUSCH [11]

Report together with legacy PHR or separately?
· Separately: Huawei [2], (Google [23])
· Less specification impact, otherwise need new MAC CE’s required for single entry/multi-entry [2]
· No change to behavior of legacy PHR [2]
· Unnecessary to report for same PUSCH, can use adjacent slots [2], no need to report as often as legacy PHR, use separate periods [2]
· If PHR format is indicated by gNB using DCI or MAC CE [23]
· Together: Spreadtrum [4], LG [8], Panasonic [11], CATT [12], InterDigital [15], Apple [16], (Google [23]), Mavenir [25], (China Telecom [22]), ETRI [26], Qualcomm [29]
· Agreement from RAN#100 implies reuse of legacy trigger [4][11]
· Guarantees that PHR difference is due to different waveforms [4][15][25]
· Can reuse reserved bits in legacy PHR MAC CE [4][22]
· Allows timely decision by scheduler [8]
· Benefit of reporting for assumed PUSCH only is unclear since gNB cannot infer PHR of actual PUSCH [12]
· Easier for gNB implementation [16]
· Up to RAN2: Ruijie Network [3]

Triggering aspects:
· Reuse legacy trigger only: Spreadtrum [4], vivo [6], Panasonic [11], InterDigital [15]
· In line with RAN#100 agreement [4][11][15]
· Reduce workload / specification impact [6][15]
· Possible additional condition for including new information in a PHR report [6][15]
· Waveform is changed for current PUSCH compared to last PUSCH when DWS is enabled [6]
· Difference between Pcmax of actual vs assumed PUSCH is above a threshold [15]
· Introduce additional trigger: Huawei [2], CATT [12], NEC [13], Xiaomi [17]
· Current PHR triggering does not guarantee timely PHR for waveform switching [2][12]
· Proposed additional triggers:
· New separate PHR reporting periodicity is introduced [2]
· Waveform of actual PUSCH is CP-OFDM, PH of actual PUSCH < 0 and PH of assumed PUSCH > 0 [12]
· Waveform of actual PUSCH is DFTS-OFDM, PH of actual PUSCH higher than threshold and PH of assumed PUSCH < 0 [12]
· Waveform of actual PUSCH is CP-OFDM and PH of actual PUSCH < threshold2 [13]
· Waveform of actual PUSCH is DFT-S-OFDM and PH of actual PUSCH > threshold1 [13]
· Difference between Pcmax of actual vs assumed PUSCH is above a threshold [17]
· Continuous data error compared with threshold [17]

Other proposals related to assistance information
· Transmission of assistance information should be configurable [2]
· Requires separate capability due to added complexity [2]
· Calculation of transmission power for assumed PUSCH needs further discussion [4]
· [14] observes that if dmrs-type or FDRA type dependent on DWS, actual and assumed PUSCH cannot have same parameters
· Consider shorter periodic PHR timer for DWS [16]
· Support reporting of Pcmax for virtual PHR(s) [17]
· Consider another reporting metric, e.g. actual MPR difference achieved by UE implementation if Option 1 not agreeable [20].
· Single PO_PUSCH,b,f,c applied for both waveforms [26]
· Single Pcmax,f,c included with two PH values in report [26]

Observations on details of assistance information for switching waveform
On the definition of the assistance information, majority of contributions seem in line with the FL proposal 3-2r5 of RAN1#113 [31]. 
On the issue of whether to report together with legacy PH or separately, 10 companies prefer to report together with legacy PH, 1 company prefer to report separately and 1 company is open. 
On the issue of whether to reuse legacy PHR trigger or to introduce different / additional triggers, 4 companies propose to reuse legacy triggers only, while 4 companies prefer or are open to introducing additional trigger. 
Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above.
	Company
	Comments

	Ericsson
	We have some questions for separate PHR reporting. Could proponent please clarify?
Since separate reporting depends on two UL grants for DG-PUSCH or two CG-PUSCH transmissions, if the time gap between the two PUSCH transmissions is very long, or if gNB triggers dynamic waveform switching before the second PHR transmission, shall a UE cancel the transmission of 2nd PHR? This may involve some cancellation procedure. 

	Samsung
	Introduction of new/additional triggering mechanisms was precluded in the RANP way forward.

	
	

	
	

	
	

	
	

	
	



Offline Monday
For the details of assistance information, moderator suggests taking FL proposal 3-2r5 of RAN1#113 as starting point and modify based on company inputs to RAN1#114 and offline discussion.
If RAN1 agrees to support assistance information for assumed PUSCH, what information needs to be provided to RAN2 in LS? Potentially a subset of the following:
1) Report together with legacy PUSCH or separately?
2) Any additional trigger (note that per RAN#100 guidance, RAN2 will not work on additional trigger)
3) What is reported (e.g. Pcmax for assumed PUSCH)
4) Pcmax for assumed PUSCH may not be available/reported in some cases
5) Whether to support with twoPHRmode, multiplePHR, MPE P-MPR report?

Issue #1: Reporting together or separately from legacy PHR?
Moderator recommendation: based on majority preference, reporting together.
Issue #2: Triggering
Moderator recommendation: considering RAN guidance, reuse existing PHR trigger only.
Issue #3: What is reported?
Moderator recommendation: take the following which seemed agreeable from RAN1#113 discussions: 
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
FFS: PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.

Note that a power headroom value doesn’t need to be reported if information is reported together with legacy PHR.
For FFS point: Pcmax is encoded using 6 bits. The difference between Pcmax of actual and assumed PUSCH is typically less than a few dBs. Should RAN1 provide guidance to RAN2 on this?
Issue #4: Pcmax for assumed PUSCH may not be available/reported in some cases
· E.g. if assumed PUSCH transmission is not supported
· E.g. (FFS) if actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· E.g. (FFS) waveform is changed for current PUSCH compared to last PUSCH when DWS is enabled
· E.g. (FFS) difference between Pcmax of actual vs assumed PUSCH is above a threshold

Moderator recommendation: 
· Minimize impact to RAN2 work
· Pcmax to assumed PUSCH may not be available/reported under certain conditions. Conditions can be defined in RAN1 specification.
· Inform RAN2 that Pcmax for assumed PUSCH is only 

Issue #5: Support with twoPHRmode, multiplePHR, MPE P-MPR report
· This would impact the number of additional MAC CE that RAN2 needs to specify

Moderator recommendation:
· MPE P-MPR report: not included in this since as triggering is not related to waveform switching
· RAN2 can decide?
· twoPHRmode?
· multiplePHR? 


	FL proposal 3-2
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH (if supported):
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· FFS: PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· Power headroom information for assumed PUSCH and legacy Type 1 PH for a serving cell are reported together.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.




Note: there was no time to discuss the above details during Monday offline session.
Offline discussions after Monday
Following agreement to support reporting power headroom information for assumed PUSCH, RAN1 needs to provide necessary details to RAN2. Moderator suggests agreeing on FL proposal 3-2r1 updated according to the following:
· Replace the FFS in third sub-bullet of first bullet by a new FFS in a new sub-bullet of the second bullet. The new FFS is more general and cover other cases that RAN1 may agree on for not reporting the information proposed by some contributions submitted to RAN1#114 (see “Possible additional condition” in summary).
· Delete “FFS: PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.”. This should be left to RAN2, e.g. if RAN2 prefers to reuse legacy PHR formats as much as possible they may decide to report Pcmax directly or if they prefer to minimize additional overhead they may decide to report a differential value.
· Delete the bullet “Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.”. This can also be left to RAN2.
· Reword bullet “Power headroom information for assumed PUSCH and legacy Type 1 PH for a serving cell are reported together.” with bullet “If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.”. This clarifies that transmission of (only) legacy PHR in certain PUSCH transmissions is possible.
· Delete bullet “No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.” given that it is already captured in agreement from Monday and is anyway not up to RAN1 to decide. 

	FL proposal 3-2r1
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· FFS: Other cases where power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· FFS: PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· Power headroom information for assumed PUSCH and legacy Type 1 PH for a serving cell are reported together.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.




Updates following offline discussions:
· Some companies prefer to keep the bullet on “No additional trigger”
· Some companies prefer that RAN1 indicates to RAN2 that the case without twoPHRmode and multiplePHR are prioritized. RAN2 can decide whether to support other cases.

	FL proposal 3-2r2
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· FFS: Other cases where power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· [bookmark: _Hlk143542071]FFS: PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· [bookmark: _Hlk143542401][bookmark: _Hlk143542266]If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· For the support of power headroom information for assumed PUSCH, prioritize the case where multiplePHR = False and twoPHRmode is not enabled.
· [bookmark: _Hlk143542990]No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.
Send LS to RAN2 to inform above agreement.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· [bookmark: _Hlk143542368]Power headroom information for assumed PUSCH and legacy Type 1 PH for a serving cell are reported together.



	FL proposal 3-2r2 (clean version)
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· FFS: Other cases where power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· For the support of power headroom information for assumed PUSCH, prioritize the case where multiplePHR = False and twoPHRmode is not enabled.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.
Send LS to RAN2 to inform above agreement.



Offline discussions Wednesday/Thursday
	[bookmark: _Hlk143685722]FL proposal 3-2r3
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· For the support of power headroom information for assumed PUSCH, support the case where multiplePHR = False and twoPHRmode is not enabled.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.




Offline Thursday
Summary of changes:
· Sub-bullet under fourth sub-bullet states that RAN1 has no consensus on whether PH information for assumed PUSCH needs to be reported always when legacy PHR is reported.
· The bullet about twoPHRmode and multiplePHR is modified to indicate that at least the case of single PHR is to be supported. For other cases, there is no common view in RAN1 if they need to be supported or not. RAN2 can decide for other cases.
· The last bullet on the trigger is replaced by a reminder of what RAN endorsed in RAN#100.

	FL proposal 3-2r4
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· For the support of power headroom information for assumed PUSCH, support the case where multiplePHR = False and twoPHRmode is not enabled.
· At least the case where twoPHRmode is disabled and multiplePHR=False is supported. It is up to RAN2 whether to support other cases or not.
· No additional trigger is introduced for transmission of PHR including power headroom information for assumed PUSCH.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.



Topic #4: RRC parameters
[HP] Issue #4-1: Configuration of DWS
Summary of company views from contributions submitted to RAN1#114
Related agreement from RAN1#113
	Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



Proposals for RRC parameters:
· Two RRC parameters for configuring DWS for DCI format 0_1 and DCI format 0_2 for each BWP: Nokia [5], (Vivo [6]), InterDigital [15], Samsung [24]
· RRC parameter names should avoid mentioning waveform but transform precoder instead [5]
· Values {enabled, disabled} indicating if DWS is enabled. Reuse legacy RRC parameter if disabled [15]
· Values {enabled, disabled, dynamic} [24] – indicating if transform precoder is enabled, disabled or dynamic for the DCI format.
· One RRC parameter for each of DCI format 0_1/0_2/0_3 and one for enabling PHR enhancement: Vivo [6]
· One RRC parameter to disable/enable DWS and one RRC parameter for the presence of field in DCI format 0_2: LG [8]
· Discuss behavior when DWS field is not configured in DCI format 0_2 [8]
· Moderator’s note: how to configure DWS field for DCI format 0_2 but not for DCI format 0_1?
· One RRC parameter “dynamic waveform switching indication”: ZTE [10]
· Moderator’s note: how to separately configure for DCI format 0_1/0_2?

Observations on RRC parameter(s)
6 companies provided input on RRC parameters. 5 companies believe that 2 parameters are needed for indicating for DCI format 0_1 and 0_2, although the interpretation of parameters may be slightly different. One company identifies potential additional parameters for DCI format 0_3 (if supported) and PHR enhancement (if supported). One company suggests that the parameter can indicate a different waveform for each DCI format for which DWS is not enabled.
Moderator’s understanding is that two new RRC parameters are needed for now, and two variants seem workable:
	FL proposal 4-1
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Alt. 1: Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.
· Alt. 2: Value range is {enabled, disabled, dynamic} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is not present and transform precoder is enabled when scheduled using the DCI format.
· “disabled” means that DWS field is not present and transform precoder is disabled when scheduled using the DCI format.
· “dynamic” means that DWS field is present and UE follows DWS field. 



Pre-meeting comments
Please indicate if your company position was incorrectly captured or if you would like to add your company position to the summary above. Please feel free to indicate if FL proposal 4-1 is acceptable and if you have preference between Alt. 1 and Alt. 2.
	Company
	Comments

	Panasonic
	We are fine with the FL proposal. We slightly prefer Alt.1.

	ZTE
	We prefer Alt.1 as this parameter keeps the backward compatibility. When this field is “disable”, and then fall back to legacy parameter.

	vivo  
	We prefer to include “DCI 0_3 if supported” as well.

	Nokia, NSB
	We prefer to agree directly to Alt. 1. Alt. 2 would overwrite the use of transformPrecoder parameter without additional benefit while costing one more state. Alt. 1 is more straightforward and aligns with the common understanding on the feature so far.

	Intel
	We prefer Alt. 1

	Sharp
	We prefer Alt. 1.

	Ericsson
	Alt.1 is preferred. Configuration of the new RRC parameter is associated with UE capability.

	Samsung
	A new parameter needs to be introduced regardless of Alt.1 and Alt.2. The argument of overwriting or fallback is not an issue to decide against Alt.2.

	Lenovo
	Prefer Alt. 1.

	Spreadtrum
	Agree with Nokia and we prefer Alt. 1. 

	LG
	Moderator’s note: how to configure DWS field for DCI format 0_2 but not for DCI format 0_1?
To resolve above moderator’s note in the summary, we think that this case (DWS field for DCI format 0_2 but not for DCI format 0_1) may not be necessary. So firstly, any other companies may want to clarify whether “configure DWS field for DCI format 0_2 but not for DCI format 0_1” is general behaviour in practical environment.

Let us explain our rationale the previous two relevant agreements.
Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.

Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.

The first agreement describes that “dynamic waveform switching” is configured separately for each BWP, within PUSCH-Config, not the “dynamic waveform switching indicator field”. We believe this implies the DWS applicability per BWP can be configured first, i.e., the applicability of the DWS field in DCI format 0_1 and DCI format 0_2, and then, the second agreement implies that “dynamic waveform switching indicator field” can be configured separately in order to support adjustable size of DCI format 0_2 efficiently.

Thus, we think following hierarchical configuration is more natural.
Enabling or disabling DWS by higher layer parameter, i.e., DWS of DCI format 0_1 is enabled or disabled, for each BWP in PUSCH-Config and if DWS is enabled in certain BWP, then enable or disable the DWS field of DCI format 0_2 in that BWP for specific purposes such as URLLC scenario.

Based on the above clarifications, we prefer to support and add two new parameters as one of alternatives:
· dws-Config = {enabled, disabled}
· “enabled” means that DWS is available in the BWP (i.e., DWS indication field is present in the DCI format 0_1) and UE follows DWS field.
· “disabled” means that DWS is not available in the BWP (i.e., DWS indication field is not present in the DCI format 0_1) and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.
· dwsField-DCI-0-2 = {enabled, disabled}
· This parameter is only present when dws-Config is enabled.
· “enabled” means that DWS indication field is present in the DCI format 0_2 and UE follows DWS field.
· “disabled” means that DWS indication field is not present in the DCI format 0_2 and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.


	China Telecom
	We prefer Alt 1.

	OPPO
	We prefer Alt. 1

	Ruijie Network
	We prefer Alt. 1.

	Moderator
	@LG, thanks for explanation. However, there is nothing we agreed so far that suggests format 0_1 has different treatment than format 0_2.
@All, thanks for feedback. It seems that there is strong majority preferring Alt. 1 so I would suggest agreeing on this one.



Offline discussions after Monday
Based on above feedback, moderator suggests agreeing on the following:
	FL proposal 4-1r1
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.


In addition, considering the agreement on supporting “reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH”, moderator suggests agreeing on a new RRC parameter for to enable or disable this functionality.
	FL proposal 4-2
Introduce a new RRC parameters for configuration of reporting of power headroom information for an assumed PUSCH:
· Value range is {enabled, disabled}



Offline discussions Wednesday/Thursday
	FL proposal 4-2r1
Introduce a new RRC parameter under PHR-Config for configuration of reporting of power headroom information for an assumed PUSCH:
· Value range is {enabled}






Topic #5: Other issues
[LP] Issue #5-1: Other issues
Summary of company views from contributions submitted to RAN1#114
Spreadtrum [4] propose that PUSCH transmission in RRC-connected can support dynamic waveform switching.
LG [8] proposes that if dynamic waveform switching is enabled, support independent open-loop power control parameter for each waveform.
Panasonic [11] suggests to prioritize concluding on DWS field interpretation, BWP switching, FDRA and DMRS configuration.
Samsung [24] proposes to prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.
Pre-meeting comments
Please indicate if you would support any of the above proposals.
	Company
	Comments
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Appendix: Previous agreements
RAN1#113
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.

Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 

RAN1#112b-e
Agreement
For DCI format 0_1/0_2 containing dynamic waveform indication, bit width of each field is set to the maximum between the bit width of the field if transform precoding is disabled and the bit width of the field if transform precoding is enabled, if different.
· If, for the waveform indicated in the DCI, the bit width N of a field would be smaller than the bit width of the field set as per the above, UE decodes the field using N least significant bits. If N=0, the UE ignores the field for the indicated waveform.


Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· Details FFS.
· Note: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.

Conclusion
For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.


Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.

Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.


Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.

Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.

· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.

Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

RAN1#112
Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Note: no change of the current size alignment procedure between UL DCI and DL DCI.


Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.

RAN1#111
Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed

Working Assumption
[bookmark: _Hlk127399401]Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI


Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded

RAN1#110bis-e
Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.

Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse existing field in scheduling DCI
· Alt 1-B-1: Explicit indication by repurposing field, e.g.
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded
· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.
· RA type, MSB of RA
· Number of RBs (below threshold or multiple of 2,3,5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS: Whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)
Alt 2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable

Agreement 
To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded

Agreement
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
· Note: The above does not imply that dynamic switching enhancement in R18 is applicable or not applicable to other cases of PUSCH (e.g. PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0_0).
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