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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
Please input the contact information for each company below:
	Company
	Name
	Email

	InterDigital
	Paul Marinier
	paul.marinier at interdigital.com

	Panasonic
	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

	Ericsson
	Ling Su
	Ling.a.su@ericsson.com

	CMCC
	Yongchang Liu
	liuyongchang@chinamobile.com

	Samsung
	Carmela Cozzo
	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


Collection of agreements in RAN1#113 
[TBD]

Proposals 
Proposals for 1st Online session
	FL proposal 1-2: 
Dynamic waveform switching is supported for a UE configured with multiple UL carriers.




	FL proposal 1-3: 
Dynamic waveform switching is supported for PUSCH(s) scheduled by DCI format 0_3.




	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 proposal 4-1r1: 
Presence Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



	FL proposal 3-1
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. [14 companies]
· 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. [3 companies]
· Details FFS.
· Option 3: Both Option 1 and Option 2. [2 companies]
· Details FFS.
· Option 4: No enhancement. [5 companies]




Proposals for 2nd Online session

Proposals for 3rd Online session

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#113
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: Sony [14], Nokia [16], Oppo [20]
[Justification]
· Network does not always configure DFT-S-OFDM for msg3 [16]
· More important for retransmission than initial transmission [16]
· No issue related to partitioning in case of msg3 retransmission (?) [16]
· UEs may have different configurations and geometries [20]
[Solution]
· Signal by aperiodic CSI report bit of the RAR for UE in idle [14]
· Signal by MAC CE or PDCCH order for RACH for UE in connected or inactive [14]
· For msg3 retransmission, solution that does not impact DCI format 0_0 [16]
· Redefine resource allocation [20]
· Linked to use of msg1 repetition: ZTE [4], Panasonic [10], Sony [14], Nokia [16], Oppo [20]
· UE uses DFT-S-OFDM for msg3 tx/re-tx if multiple PRACH is applied and PUSCH repetition is scheduled [4][20]
· Does not require additional PRACH resource for waveform selection [10]
· Requires that PRACH repetition capable UE always support msg3 repetition (?) [10]
· Repetitions may be sufficient for PRACH but not for msg3 [16]
· Network can know if a UE is in coverage shortage or not by receiving msg1 [16]
· Linked to use of msg3 repetition: ZTE [4], Intel [8]
· No indication from DCI format 0_0/RAR: ZTE [4], InterDigital [7], China Telecom [9]
· No (use msg3-transformPrecoder): Spreadtrum [3], CATT [6], Lenovo [12], CMCC [15], Qualcomm [18], LG [19], Samsung [22], Sharp [23], NTT DOCOMO [24], Mediatek [25], ETRI [28]
· Motivation and benefit not clear [3][6][12][25]
· gNB does not have information on how much power is available [15][18][22]
· Additional preamble partitioning required for early indication of capability [6][22][24][28]
· Significant impact on RAR UL grant, fallbackRAR UL grant, DCI format 0_0 [6][15]
· Loss of PDCCH coverage if bit is added to DCI format 0_0 [28]
· Latency not a concern for msg3, repetitions are sufficient [18][28]
· gNB would anyway not configure CP-OFDM if msg3 repetition are supported [22] or in a cell which is large enough to include UEs that require DFT-S-OFDM [23]
· Should not link waveform of msg3 with msg1 [23]

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.
It does not look like more progress can be achieved at this meeting as the number of companies interested in a solution different from legacy has not increased. 
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

	LG
	We do not find the further necessity of dynamic waveform switching for the Msg.3 PUSCH transmission. There is already sufficient mechanism, which gNB recognize and determine a UE waveform semi-statically if the UE located in poor coverage.

	Vivo  
	Agree that there’s no need to support DWS for msg3 at this stage, though we focused on more important issues in our contribution and didn’t propose this explicitly.

	Sony
	We think that whenever Msg1 needs PRACH multiple transmissions, then Msg3 will also need some coverage extension such as DWS to DFT-s-OFDM. If linked to Msg1 (PRACH multiple transmissions), there is no need for additional early capability indication of Msg3 DWS. gNB knows when PRACH multiple transmission takes place by choice of preamble or RO. So gNB knows to expect Msg3 DWS. We further think that even under these circumstances, whether the DWS is set to DFT-s-OFDM should still be under gNB control – hence our proposal to explicitly signal the waveform in RAR.

	Lenovo
	Don’t support DWS for msg3 initial transmission or retransmission.

	
	



[MP] Issue #1-2: Applicability to UL CA and DCI format 0_3
Summary of company views from contributions submitted to RAN1#113
Support DWS when UE is configured with UL carrier aggregation?
· Yes: ZTE [4], Panasonic [10], Qualcomm [18], Ericsson [21].

Intra-band UL carrier aggregation
· Nokia [16] proposes that RAN further study the DWS for multiple PUSCHs in multiple serving cells considering further analysis on consecutive PUSCHs scenario.
· Qualcomm [18] proposes that for any two carriers that belong to the same band, when DWS is enabled and when uplink scheduling would result in simultaneous transmissions across the two carriers, the transmit waveforms are assumed to be the same between the two carriers.

Applicability to PUSCH scheduled by DCI format 0_3
· Yes: Vivo [2][30], (ZTE [4]), InterDigital [7], Intel [8], (Panasonic [10]), NTT DOCOMO [24]
[Justification]
· Scheduling using DCI format 0_3 is useful for both cell center and cell edge [7]
· Not supporting would reduce potential benefit of multi-cell scheduling [7]
· Straightforward application [8]
· Benefit of DWS is valid irrespective of DCI formats [24]
[Solution]
· Use multiple bits at least for inter-band serving cells [2][30]
· Use 1 bit per co-scheduled cell (Type 2) [8][10][24]
· Coverage condition could be different in different CC’s [24]
· Use single bit for all carriers based on “majority” TBs [4]
· Discuss under MC WI: Spreadtrum [3], Panasonic [10]
· Some issues remain for DCI 0_3, too early [3]
· Need to discuss if waveform may be same or not for more than one co-scheduled cell [3]
· Low priority: China Telecom [9]

Other issues related to UL carrier aggregation
· Ericsson [21] 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
4 companies propose to agree that DWS is supported for the case of UL carrier aggregation. As a first step, moderator proposes the following agreement to confirm this understanding:
	FL proposal 1-2: 
Dynamic waveform switching is supported for a UE configured with multiple UL carriers.



2 companies [16][18] discuss issues that seem related to the case where both UL transmissions are within the same band. At least the proposal in [18] seems to have impact on RAN1 specifications as scheduling restriction.
8 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 2 companies think it is too early or low priority. 2 companies think it should be discussed under multi-carrier work item. (One contribution [30] is submitted under 9.17.)
Moderator suggests discussing this issue under this AI given that discussions on MCE in 9.17 are focusing on RRC parameters at this meeting. The first step is to decide on whether to support DWS for this format considering the motivations for both multi-cell scheduling and dynamic waveform switching. If agreed to be supported, the next point of discussion is on whether indication is per cell or for all cells, and any applicable restriction (e.g. for intra-band cells). Moderator’s understanding is that the agreed multi-cell scheduling framework enables any option.
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 the following:
1) If FL proposal 1-2 is acceptable
2) Any view on potential restriction of same waveform for intra-band [18] or issues described in [16]
3) If you think DWS should be supported for DCI format 0_3 (and why)?
4) If yes, whether separate indication per cell (or group of cells) should be supported?

	Company
	Comments

	Nokia, NSB
	1) We are fine with FL proposal 1-2.
2) We prefer further discussions since several questions are still unclear to us. For example, would applying restriction of same waveform for intra-band means that UE uses same PA for intra-band? Is this always the case or any other exception? How about inter-band cases?
3) We are fine to support.
4) We prefer to discussion details on how to support it in MC discussion. Given that several approaches (types) for indicating of different fields have been identified in the MC WI and it’s straightforward to discuss it there.

	Panasonic
	1) We are fine with FL proposal 1-2.
2) We share the view on RF aspect raised by Nokia and Qualcomm. We think this aspect should also be considered if we enhance PHR reporting since when waveform is switched and RF is shared among carriers, the available PHR can be different even for the carrier in which dynamic waveform switching is not configured.
3) Yes (as captured by above FL summary).
4) We think separate indication per cell is starting point, but we are open the indication per group of cells based considering aspects related to 2).

	LG
	We are fine with this proposal. But if DWS is introduced finally in DCI format 0_3 that scheduling multiple serving cells, further discussion on such DWS field composition within DCI format 0_3 should be in the multi-carrier agenda. In other words, we think this WI should make decision only for whether to support DWS in multi-carrier scenario.

	Vivo  
	1.) Fine with FL’s proposal
2.) At least for inter-band CA, there’s no need to restrict same waveform when DWS is supported.
3.) 0_3 is also for connected UEs, DWS can be supported for more accurate scheduling and this is similar to extending all other features supported for DCI 0-1/2 to DCI0-3 as discussed in MCE topic.
Separate indication per cell is preferred at least for inter-band CA case.

	QC
	Might be good to separate the discussion into two. It should be possible to support inter-band CA without any major issues, but intra-band CA needs more discussion.

	Sony
	Proposal 1-2 acceptable

	ZTE
	1) Fine with FL proposal 1-2.
2) For intra-band or inter-band CA, it is still unclear that whether waveform application would be affected by the power amplifier(s). So we can decide whether to apply DWS to CA case first.
3) Yes.
4) Need further discussion.

	Ericsson
	1) Support
2) Rel-17 PUSCH repetitions across mTRP is scheduled a single DCI. It is not clear how different waveforms can be indicated with one DCI, if we don’t expand the DWS field in to two bits for this use case. 
We are open to discuss the waveform restraint for intra-band UL CA, if UE vendors have some implementation restriction. 
3) Yes. 
4) We share the view of Nokia. It is better to discuss the type of the new DCI field in MCE AI.

	OPPO
	FL proposal 1-2 is acceptable under the condition that the DWS for single cell would be reused simply. It is not likely to be coverage limited when you configure multiple cells and want them transmit together. Optimization should not be excessive. 
2)OK
3) Acceptable as indicated above.
4) No

	ETRI
	Fine with the proposal 1-2.
We think DWS in DCI format 0_3 is about MCE, and the details would be discussed in the MCE maintenance.

	Spreadtrum
	We are fine with FL proposal 1-2. Whether DWS can be supported for DCI format 0_3 needs more discussion. The waveform may be the same or not for more than one co-scheduled cells, which requires further discussion in the MC WI.

	Lenovo
	Fine with FL proposal 1-2. 

	Moderator
	@All, thanks for feedback. It seems that FL proposal 1-2 is acceptable to most (all?) companies. In addition, supporting DWS for DCI format 0_3 also seems acceptable, so suggest we agree on FL proposal 1-3 below.



	FL proposal 1-3: 
Dynamic waveform switching is supported for PUSCH(s) scheduled by DCI format 0_3.






Topic #2: Dynamic switching mechanism
[MP] Issue #2-1: DWS field interpretation and position within DCI format
Summary of company views from contributions submitted to RAN1#113
DWS field interpretation
· Fixed association between field value and waveform: ZTE [4], Huawei [5], InterDigital [7], China Telecom [9], CMCC [15]
· 0 for DFT-S-OFDM, 1 for CP-OFDM: ZTE [4], InterDigital [7]
· Align to order used in transformPrecoder parameter [4][7]
· 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 [7].
· 0 for CP-OFDM, 1 for DFT-S-OFDM: CMCC [15]

DWS field position
· ZTE [4] proposes that DWS field is appended at the end of existing fields of DCI format 0_1/0_2.

Observations on DWS bit interpretation
5 companies discuss DWS field interpretation. All 5 companies suggest adopting a fixed mapping between field value and waveform, which seems straightforward approach. Moderator suggests adopting the order suggested in [4][7] which aligns to transformPrecoder parameter.
	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 propose that it is appended at the end of existing fields. However, during RAN1#112 and RAN1#112bis-e, several companies expressed preference for locating DWS field near the beginning of DCI format to facilitate parsing.
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 2-1 is acceptable.
· Preference for the position of the DWS field.

	Company
	Comments

	Nokia, NSB
	We are generally fine with either way. Though it’s not very straightforward reading “1” as “disabled” and “0” as enabled. We don’t understand much the argument about alignment to transformPrecoder parameter, because such parameter is configured to be enabled or disabled but not linked to 1 or 0. 
We slightly prefer putting at the end of the existing fields and consider it as zero padding if DWS is not supported. Though we would like to understand benefit of doing otherwise as well.

	Panasonic
	We are fine with FL proposal 2-1.
On the position of the DWS field, since per field alignment is agreed  in the last meeting, we think the position is not matter.

	LG
	We think this issue should be discussed, including the issue #2-2. 
To be specific, in case when the BWP switching is indicated from BWP not supporting DWS to a BWP supporting DWS, we think existing zero-padding procedure from TS38.213 can work. In addition, if the “0” of DWS field maps to same transform precoding as higher layer signaling (e.g., msg3-transformPrecoder), the UE trying to do BWP switching will naturally use semi-statically configured waveform.
Therefore we suggest following modified proposal. 

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


	Sharp
	We are OK with the FL proposal 2-1 and any position of the DWS field can be acceptable.

	Sony
	Proposal 2-1 is acceptable

	ZTE
	Fine with FL proposal 2-1. We prefer the end of the existing fields, but glad to see if any reasonable reason to support other position.

	Ericsson
	FL proposal 2-1 is fine.

	OPPO
	OK for 2-1
No restriction of DWS bit field location is OK. But for simplicity is also in the font as possible.

	CMCC
	Fine. Although it is a little bit strange for reading ‘0’ and ‘1’ as ‘enable’ and ‘disable’.

	ETRI
	We are acceptable to the proposal 2-1, but the value may follow the example of msg3-transformPrecoder, which seems more natural.

	Spreadtrum
	We are fine with proposal 2-1. We think place the DWS field before any field that has waveform-dependent interpretation may help implementation.

	Lenovo
	Fine with FL proposal 2-1.

	Moderator
	@All, thanks for feedback. FL proposal 2-1 seems acceptable to majority, suggest we agree on this proposal.



[MP] Issue #2-2: Bandwidth part switching
Summary of company views from contributions submitted to RAN1#113
Support dynamic waveform switching in case of BWP switching: Intel [8]
· Enable dynamic adjustment of both bandwidth and waveform [8]

Applicable waveform upon BWP switching from BWP not supporting DWS to a BWP supporting DWS:
· RRC-configured waveform: vivo [2], ZTE [4], Nokia [16], ETRI [28]
· First transmission in the target BWP [2]
· Safer to UE [4]
· Should not apply the indication of source BWP in target BWP (?) [4]
· Repurpose bits of another field to indicate waveform: ETRI [28]
· Can indicate any waveform for first transmission of BWP switch.
· No change necessary: (InterDigital [7]), Qualcomm [18]
· Existing zero-padding procedure from TS38.213 works [18]

Observations on BWP switching
6 companies discuss the issue of dynamic waveform switching when DWS is not configured in a BWP and the UE receives a DCI that switches to a BWP where DWS is configured. Moderator’s understanding is that according to current specifications, the UE prepends a zero to the (zero-size) DWS bit and applies the waveform associated to the value “0”. 4 companies propose that instead of following the legacy zero-padding procedure, the UE switches to a semi-statically configured waveform or to a waveform indicated by a re-purposed field of the DCI.
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 think if the existing zero-padding procedure in case of bandwidth part switching (38.213, section 12) needs to be modified for the DWS field.
	Company
	Comments

	LG
	We support the DWS when bandwidth part switching case, and existing zero-padding procedure from TS38.213 can work as commented in issue #2-1.

	Vivo  
	Zero padding procedure can be there as it is, no need to update. But when BWP is switched, UE should neglect the DWS indication, and apply the RRC waveform given the reasons as FL summarized.

	ZTE
	Support the DWS during the BWP switching. If Zero padding is applied, we should identify the “0” interpretation mentioned in proposal 2-1 first.
If Zero padding is not considered in such case. It is nature to use the RRC configured BWP of target BWP when source BWP has no capability of DWS but target BWP has.
For other cases such as source BWP has capability of DWS but target BWP has not, simple dropping the DCI indication of BWP is sufficent.

	Ericsson
	The zero-padding procedure and per-field alignment can work in this case.
In particular, a UE can refer to the RRC configuration of dynamic waveform switching for the target BWP; if configured, the waveform for the UL transmission in the new BWP is in accordance with the value of DWS field in DCI.

	OPPO
	We also believe the Zero padding schemes are naturally applied.

	ETRI
	We need to firstly discuss whether to support DWS when this field is absent in the source BWP. If DWS is not supported, then the target waveform is determined by the target BWP that is tied to legacy RRC configuration, which is the legacy behavior. If DWS is supported, then we can further discuss how to enable this feature.

	Lenovo
	We share same view as FL that a UE’s behaviour can follow current specification.

	Moderator
	@All, thanks for feedback.
@Vivo, ZTE, Ericsson: in my understanding, ignoring the DWS indication to apply RRC configured value instead is not the behaviour defined in section 12 of 38.213. This would be a special solution for DWS.



[MP] Issue #2-3: Handling of FDRA type/DMRS type
Summary of company views from contributions submitted to RAN1#113
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 [2], Spreadtrum [3], ZTE [4], CATT [6], Intel [8], Xiaomi [11], CMCC [15], Apple [17], LG [19], Oppo [20], Ericsson [21], Mediatek [25], Mavenir [26], Transsion [27], ETRI [28]
· Still possible to configure dynamicSwitch, maintains flexibility of CP-OFDM: [3]
· Easy and up to proper configuration, gNB implementation issue [3][4][6][11][15][20][25]
· Less specification impact than Option 2 [4][19][21][26]
· Contiguous resource allocation is typically utilized [8]
· Option 2 requires alignment of FDRA field [26]
· UE operating DWS is not in cell center, likely low-mobility, don’t need full flexibility [28]
· Specification impact of Option 1? Yes [2]. No [4].
· Option 2 (apply only for CP-OFDM): Huawei [5], InterDigital [7], China Telecom [9], Panasonic [10], Lenovo [12], NEC [13], Nokia [16], (Samsung [22]), Sharp [23], NTT DOCOMO [24], Google [29]
· Option 1 reduces flexibility [13][16], dynamicSwitch is optional UE capability [5][24]
· Option 1 adds 1 bit of DCI overhead [7][10][23]
· Not much difference in specification effort between options [23][29]
· Restrictions on operation of DFTS-S-OFDM or CP-OFDM reduce motivation for DWS [24]
· UE configured with DWS may be in CP-OFDM region for a long time [29]

DMRS type
· Option 1 (error case): vivo [2], Spreadtrum [3], ZTE [4], Intel [8], Xiaomi [11], CMCC [15], LG [19], Oppo [20], Ericsson [21], Mediatek [25], Mavenir [26], Transsion [27], ETRI [28]
· Same handling as FDRA type [3][4][19][20][21][26]
· Scheduling restriction is not severe [8]
· Avoid that DWS field controls the DMRS type [15]
· UE operating DWS is not in cell center, likely low-mobility, don’t need full flexibility [28]
· Specification impact of Option 1? Yes [2]. No [4].
· Option 2 (apply only for CP-OFDM): Huawei [5], CATT [6], InterDigital [7], China Telecom [9], Panasonic [10], Lenovo [12], NEC [13], Nokia [16], Apple [17], (Samsung [22]), Sharp [23], NTT DOCOMO [24], Google [29]
· Option 1 reduces maximum number of supported antenna ports, reducing user capacity and throughput [5]. Not compatible with R18 MIMO enhancements [12].
· Need to allow configuring DMRS type 2 [23] which improves throughput for CP-OFDM. Aligned with intention of DWS [17].
· Better flexibility [6][7][9][10][13][16]
· Low specification impact [7][29]
· Restrictions on operation of DFTS-S-OFDM or CP-OFDM reduce motivation for DWS [24]
· UE configured with DWS may be in CP-OFDM region for a long time [29]

Other waveform-specific configuration aspects
Vivo [2] proposes that configuration of pi/2 BPSK modulation when DWS is configured is handled as an error case.
Spreadtrum [3] proposes that parameters required by both waveforms are configured when dynamic waveform switching is configured.
Spreadtrum [3] proposes to apply MCS table configured for indicated waveform.
Observations on handling of FDRA type, DMRS type and other waveform-specific configuration aspects
For FDRA type, 15 companies prefer Option 1 (error case) and 11 companies prefer Option 2 (apply only for CP-OFDM).
For DMRS type, 13 companies prefer Option 1 (error case) and 13 companies prefer Option 2 (apply only for CP-OFDM).
2 companies [2][3] discuss other parameters (e.g. tp-pi2BPSK, mcs-Table, mcs-TableTransformPrecoder) that may also require handling. In moderator’s understanding, there is no issue with these parameters since existing specification only considers e.g. mcs-TableTransformPrecoder in case transform precoding is enabled, and tp-pi2BPSK affects parameter q which is present only in MCS tables that are specifically for DFT-S-OFDM.
The views are very split for both cases. Option 1 has the least specification impact (possibly no impact), while Option 2 has a small specification impact. Option 1 introduces some restrictions for the scheduling of CP-OFDM transmissions when DWS is configured:
· For FDRA type, it is not possible to use resource allocation type 0 with CP-OFDM unless dynamicSwitch for frequency allocation is configured. 
· For DMRS type, it is not possible to use DMRS type 2 with CP-OFDM.
It could be considered that a restriction related to FDRA is less severe 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. On the other hand, in the case of DMRS type there does not seem to be any workaround. A UE configured with DWS would not be able to schedule any transmission that requires DMRS type 2. Because of this, two companies [6][17] prefer Option 1 for FDRA type but Option 2 for DMRS type.
To progress towards a decision, moderator suggests analyzing further the potential impact of restrictions that would arise with Option 1. Companies are invited to provide their views on the following questions:
1. Is restriction that FDRA type cannot be configured to type 0 for CP-OFDM acceptable (when UE does not support dynamicSwitch)? 
· Why? (e.g. whether Type 0 RA is often/rarely used, whether it is expected to be useful for a UE configured with DWS, whether most UEs support dynamicSwitch, etc.)
2. Is restriction that DMRS type cannot be configured to type 2 for CP-OFDM acceptable?
· Why? (e.g. whether DMRS type 2 is often/rarely used, whether it is expected to be useful for a UE configured with DWS, etc.)

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 provide views on the questions 1 and 2 above.  
	Company
	Comments

	Panasonic
	1. On FDRA, supporting dynamic switching between CP-OFDM with resource allocation type 0 and DFT-s-OFDM with resource allocation type 1 means UE should support dynamic switching of resource allocation type regardless of whether UE supports dynamicSwith. Then, we think it is assumed that most UEs support dynamicSwich if dynamic waveform switching is supported. Therefore, we think the restriction that FDRA type cannot be configured to type 0 for CP-OFDM is acceptable.
2. On DMRS type, we prefer not to have the restriction that DMRS type cannot be configured to Type 2 for CP-OFDM. Option 2 allows the alignment with normal CP-OFDM operation, which has the benefit of DMRS orthogonality.

	LG
	We support Option 1 that mainly reason of its simplicity. These FDRA/DMRS configuration restrictions are applied only for DWS, so temporarily avoiding those Type 0 RA or Type 2 DMRS would not be critical within the short period. 
Moreover, the specification effort on the Option 2 is unnecessary since the dynamic waveform switching might not frequently be used.

	ZTE
	Yes, both the restrictions can be accepted. We support the Option 1 as it is easy to define it as error case.

	Ericsson
	1. Type 0 RA is rarely used, therefore a restriction that FDRA type 0 and dynamic waveform switching can’t be configured simultaneously is acceptable.
2. It is similar to case of question 1. The restriction is acceptable.

	Spreadtrum
	Option 1 is easy and up to a proper configuration to solve the problem. We prefer Option 1. For legacy UE, it applies resource allocation according to resourceAllocation IE. So Option 2 may affect the UE behavior and have impact on the specification.

	Lenovo
	1. FDRA, if a UE doesn’t support dynamicSwith, the resource allocation type shall be type 1 for both CP-OFDM and DFT-s-OFDM. Although we prefer option 2, but we can accept option 1.
2. DMRS type, we think option 2 shall be supported since in option 1 CP-OFDM can only use DMRS type 1. Besides, eType 1 and eType 2 DMRS types are introduced for CP-OFDM in Rel-18 MIMO, the flexibility will be reduced much for CP-OFDM if option 1 is adopted. 

	Moderator
	@All, thanks for the feedback. We can discuss this further.

	
	

	
	



[LP] Issue #2-4: Other issues related to dynamic switching mechanism
Summary of proposals from contributions submitted to RAN1#113
ZTE [4] 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 [9] 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.
Panasonic [10] proposes that RRC can configure that PUSCH repetition uses DFT-S-OFDM regardless of configuration of transformPrecoder and msg3-transformPrecoder.
Sony [14] proposes that RAN1 adopts DWS for Type 2 CG-PUSCH signaled by activation (for VoNR).
CMCC [15] proposes to study potential enhancement to enable UE fallback from DWS to legacy DCI.
Oppo [20] proposes that in configured grant, the transmissions of PDCCH scrambled by CS-RNTI with NDI=0 should follow the waveform of the earlier transmission scheduled by PDCCH scrambled by CS-RNTI with NDI=1. The DWS indication field is ignored for PDCCH scrambled by CS-RNTI with NDI=0.
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

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Topic #3: Assistance information for switching waveform
[HP] Issue #3-1: Assistance information for switching waveform
Summary of company views from contributions submitted to RAN1#113
Related agreement from RAN1#112bis-e
	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.



Summary of benefits/concerns identified for each Option in contributions:
	Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.

	Benefits
	Concerns

	· Difference of Pcmax between waveforms function of UE implementation, exact performance difference difficult to get for NW [3][21][24][27]
· Providing both PHR at same time minimizes uncertainty of impact of switch [7]
· gNB needs to know possible PHR with new waveform [10][13]
· Better performance than Option 2 [17]
· Without info, if switching from CP-OFDM to DFT-S-OFDM, gNB does not know how much Tx power increase can be and whether to switch from multi-layer PUSCH to single-layer PUSCH [21]
· Without info, if switching from DFT-S-OFDM to CP-OFDM, gNB does not know how to schedule FDRA, rank, MCS at the risk that PUSCH transmission fails [21].

	· No simulation results available [4]
· gNB can determine if UE is moving to cell edge or cell center based on current PHR [4]
· Not necessary to determine waveform though may help for RB/MCS [4]
· Multiple entry MAC CE for UL CA needs to be solved [4]
· Requires introducing new field in PHR MAC CE [5]
· Optimization compared to Option 2, only eliminates performance loss of the first PUSCH transmission [5]
· Increases PHR overhead [6][8]
· Information may be outdated at time of reporting [8][9]
· Benefit is not clear [22]
· Large impact to specifications, including RAN2, not required by WID objective, would also be applicable to RRC-based switching [22]
· if gNB changes other parameters to maintain UL connection the PHR of target not useful [23].



	Option 2: New trigger of power headroom report based on waveform switching event.

	Benefits
	Concerns

	· PHR after switching can be used to correct waveform, RB, MCS [4][26]
· Switching back should be rare event, can use conservative scheduling [4]
· Benefit over Option 4 is on fine adjustment of scheduling parameters [4]
· Less specification impact than Option 1, no need to define PHR report or MAC-CE structure [4][26]
· Current PHR triggering does not guarantee timely PHR for waveform switching [5]
· Limits performance loss (with Option 4) of unsuitable MCS/RB allocations to the first scheduled PUSCH after switching [5]
· Switching can happen at any time [9]
· gNB can differentiate cell center from cell edge users [26]
	· Reduce workload and specification impact [2]
· Performance of current PUSCH cannot be guaranteed [3]
· Does not provide assistant information for next waveform switching/selection [3]
· May result in more frequent switching when PHR of new waveform is very close to old [3]
· Cannot be used to determine waveform switching since PHR is reported after [6][12]
· Relies on trial and error, PHR difference may be caused by other factors than waveform [7]
· Frequent reporting compared to Option 1 [8]
· Specification impact of defining new PHR trigger [8]
· Some performance degradation after switching [9][12]
· Option 2 alone may lead to redundant DWS, not helping gNB to allocate resources [16]
· Benefit of PHR report after switching questionable [17]
· May not help gNB derive appropriate parameter set immediately after the switching [23].



	Option 4: No new assistance information

	Benefits
	Concerns

	· No specification impact
· Sufficient, gNB can give back-to-back grants with different waveforms to measure difference of SINR [6][8]

	· SINR difference may not provide Pcmax difference between waveforms [3]
· gNB does not know how to determine RB allocation and MCS [3]
· Not effective to transmit PUSCH twice [3]
· May result in unsuccessful transmissions, trial and error approach [7]
· Back-to-back PUSCHs need similar channel conditions, max power, same configuration, power sharing/P-MPR, etc. [16]



Preferences for each Option (second preference between ())
Option 1 
· vivo [2], Spreadtrum [3], InterDigital [7], China Telecom [9], Panasonic [10], Lenovo [12], NEC [13], Apple [17], LG [19], Ericsson [21], NTT DOCOMO [24], Transsion [27], ETRI [28], Google [29]

Option 2 
· ZTE [4], Huawei [5], (China Telecom [9]), Mavenir [26]

Option 3
· Xiaomi [11], Nokia [16]

Option 4
· CATT [6], Intel [8], Oppo [20], Samsung [22], Mediatek [25]

Further discuss: 
· Qualcomm [18], Sharp [23], (Intel [8]), CMCC [15], (Mediatek [25])
· Whether decision to switch waveforms is coupled to rank selection [18]
· Whether gNB can infer the PH difference between the two waveforms based on PUSCH DMRS [18]

Assumptions of the reference PUSCH (Option 1)
· Same assumption as current PUSCH for RB allocation/MCS: Spreadtrum [3], InterDigital [7], Panasonic [10], Xiaomi [11], Apple [17], Qualcomm [18], Ericsson [21], Transsion [27], 
· Assume a default value if actual PUSCH RB allocation not compatible with target waveform: Spreadtrum [3]
· Need to adjust in case RB allocation not supported for target [10]
· Consider MPR, A-MPR and P-MPR when computing PH [18]
· Consider both cases, same or different RB allocation and modulation order: Nokia [16]
· To provide precise PH related information of target waveform in different RB regions or for different modulations.

Additional triggers (Option 1)
· No additional trigger : vivo [2], Spreadtrum [3], Ericsson [18]
· Assistance information is not supposed to change very frequently [18]
· By explicit request (MAC CE): InterDigital [7], Google [29]
· PH is lower/higher than threshold: InterDigital [7], Xiaomi [11], NEC [13], Qualcomm [18] (if other waveform has better headroom), Transsion [27]
· Unclear if 200 ms periodicity suffices for timely information [18]
· PH difference between waveforms is higher than a threshold: InterDigital [7]
· Continuous data error: Xiaomi [11]

Conditions to provide PHR of target waveform (Option 1)
· Change of waveform since last PUSCH transmission: vivo [2]
· No PH for target waveform in case of virtual PH: vivo [2]
· RSRP less than threshold or current path loss is larger than previous moment and exceeds a threshold: Spreadtrum [3] 
· PH is lower than a threshold: InterDigital [7]
· PH difference between waveforms is higher than a threshold: InterDigital [7]
· Support shorter values of periodic PHR timer: Apple [17]
· Only for single rank, QPSK: Qualcomm [18]

Contents of assistance information (Option 1)
· Reuse R17 PUSCH repetition solution (two PHs in single MAC CE) [28]
· Assistance information can include Pcmax/PH for target waveform [3][27] or Pcmax/PH difference between waveforms [3]
· May use reserved bits of MAC CE to avoid overhead increase [9]
· Option 1: both PHRs (at least this Option), Option 2: current PH + PH difference of target [16]
· Report both PH’s (easier gNB implementation) [17]

Other proposals related to assistance information
· Panasonic [10] proposes to study reporting of PHR information considering CA/DC scenario
· Xiaomi [11] proposes to support UE reporting of the proposed waveform to the gNB with the one PHR
· Lenovo [12] propose that PHR for a target waveform determined from an actual PUSCH using same waveform or reference PUSCH in case no PUSCH uses same waveform
· Nokia [16] proposes to discuss scenario when report of PHR for current and target waveforms is close to or overlaps with existing PHR of current waveform
· Nokia [16] proposes to study enhancements on assistance signalling enabling DWS feature assigning same or different waveforms to different TPRs in mTRP scenario.
· LG [19] proposes that if dynamic waveform switching is enabled, support independent open-loop power control parameter for each waveform.
· NTT DOCOMO [24] proposes to consider another reporting metric, e.g. actual MPR difference achieved by UE implementation if Option 1 not agreeable.
· Google [29] proposes that if the enhanced PHR (new format or trigger event) for dynamic waveform switching is agreed, study the PH computation and PHR format extension to CA, DC, multi-TRP, and multi-panel transmission.

Observations on assistance information
Based on contributions, the number of companies for each Option as first preference is as follows: 
· 14 companies for Option 1
· 3 companies for Option 2
· 2 companies for Option 3
· 5 companies for Option 4 

In addition, 5 companies have indicated that they are open for further discussion. One company suggested points to further explore, such as whether decision to switch waveforms is coupled to rank selection or whether it is feasible to use PUSCH DMRS measurement to infer PH difference.
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 further technical points to discuss that would help the group make decision.
	Company
	Comments

	LG
	We support Option 1, but open to all options that provide PH information of the target waveform rather than the existing PHR behavior without any enhancement. The most important thing is that the benefit from the PH information of the target waveform should be justified regardless of which option is adopted.

	Vivo  
	According the summary, at least vast majority companies think assistant information report is beneficial, therefore we can remove Option 4. Considering RAN1 have limited time, we can make a decision to down select only one from option 1 and 2. And RAN1 can send an LS to RAN2 and let RAN2 to decide which option is preferred since MAC spec. impact should be considered.


	ZTE
	It seems most specification impact is in RAN2 if Option 1, 2, or 3 is applied. So why not let RAN2 to decide this, unless some RAN1 impacts are identified.

	Ericsson
	We support Option 1.
For Option 1, if a UE is currently configured with 2-layer PUSCH transmission with CP-OFDM, we are open to discuss power headroom of DFT-S-OFDM, e.g., whether this is a restriction.

	ETRI
	We prefer option 1 to option 2 since RAN2 seems to be more involved for option 2 discussions.

	Lenovo
	Support option 1. We think only option 1 can provide the accurate PHR and/or Pcmax difference of different waveforms. For option 2, it is unclear how it can facilitate the gNB on determining waveform switching since the waveform switching event already occur.

	Moderator
	@All, thanks for feedback.
It seems from contributions that the least popular options are 2 and 3, so maybe a first step would be to downselect these – see FL proposal 3-1 below.




	FL proposal 3-1
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. [14 companies]
· 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. [3 companies]
· Details FFS.
· Option 3: Both Option 1 and Option 2. [2 companies]
· Details FFS.
· Option 4: No enhancement. [5 companies]





Topic #4: RRC parameters
[HP] Issue #4-1: Configuration of DWS
Summary of company views from contributions submitted to RAN1#113
Related agreement from RAN1#112bis-e
	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.



Common or separate configurability of presence of DWS field for DCI format 0_1 and 0_2?
· Option 1 (Separate): Spreadtrum [3], ZTE [4], Huawei [5], CATT [6], InterDigital [7], Intel [8], China Telecom [9], NEC [13], CMCC [15], Qualcomm [18], LG [19], Samsung [22], NTT DOCOMO [24], Mavenir [26], Google [29]
· Many features configured separately between DCI formats [3][4][6][7][18]
· DCI format 0_2 typically targets smaller DCI size, useful to have possibility of disabling DWS since it increases DCI size [3][5][7][8][9][15][19][24][29]
· Better flexibility [6][13]
· More straightforward [22][26]

· Option 2 (Common): Vivo [2], Xiaomi [11], Apple [17], Oppo [20], Mediatek [25]
· Same waveform is used for both in legacy [2][17]
· Benefit of separate configuration not significant [20]
· Sufficient [11][25], DWS is useful for UEs between cell center and cell edge [25]

Details on RRC parameter(s)
· New parameter(s): ZTE [4], InterDigital [7]
· Waveform configuration falls back to legacy if not present [4]
· Cleaner approach [7]
· Add possible value to existing transformPrecoder parameter: (Samsung [22]?)
· Discuss: LG [19]

Observations on RRC parameter(s)
On the configurability of presence of DWS field, 15 companies prefer Option 1 (separate between DCI formats) and 5 companies prefer Option 2 (common to both DCI formats). Majority of companies observe that DWS can increase DCI size significantly compared to semi-static configuration of DFT-S-OFDM and think it would be useful to have possibility of not configuring it only for DCI format 0_2 since it typically targets small DCI size.
Considering majority view, moderator suggests agreeing on the following. The proposal includes “for a BWP” since it is consistent with previous agreement that DWS is configurable per bandwidth part.
	FL proposal 4-1: 
Presence of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



Regarding details of RRC parameters (e.g. new parameters or extend existing parameter), few companies have specific proposals. This could be discussed in a further step.
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.
	Company
	Comments

	Nokia, NSB
	Although we don’t see the strong need to have separate configurations, we can support majority view for the sake of progress. 
Just one question for clarification, would “presence of DWS indicator field” a correct wording be case the field should always be present, but the applicability of DWS functionality should be the one to be configured?

	Panasonic
	We support FL proposal 4-1.

	LG
	Agree with the FL proposal 4-1.

	Sharp
	We support the FL proposal 4-1.

	ZTE
	Support.

	Ericsson
	We are fine with FL proposal 4-1.

	OPPO
	We also have similar clarification as Nokia, would the configuration of DWS indication is more proper in the bullet?

	CMCC
	Fine.

	ETRI
	Support the proposal 4-1.

	Spreadtrum
	Support the proposal 4-1.

	Lenovo
	Support FL proposal 4-1.

	Moderator
	@Nokia, NSB: Thanks for flexibility. 
@Nokia, NSB, OPPO: Fine to change “presence” with “configuration” since the language “presence” for DCI fields is not used in 38.212 (instead, “0 bit”). Please check FL proposal 4-1r1 below.



	FL proposal 4-1r1: 
Presence Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.




Topic #5: Other issues
[LP] Issue #5-1: Other issues
Summary of company views from contributions submitted to RAN1#113
Samsung [22] proposes to prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.
Samsung [22] proposes that separate beta offset and alpha values are used for UCI multiplexing in a PUSCH with different waveforms.
Spreadtrum [3] propose that PUSCH transmission in RRC-connected can support dynamic waveform switching.
Spreadtrum [3] proposes to keep current maximum rank 1 limitation for DFT-S-OFDM.
· Moderator’s note: this seems out of scope for this WI.

Nokia [16] proposes that if DWS is supported for m-TRP, RAN1 to further study relative power tolerance restrictions in consecutive PUSCH transmissions with different waveforms in mTRP scenario and to further considering potential capability indication on the duration to achieve a target power step deltaP using non-monotonic sweeping.
· Moderator’s note: this seems more related to RAN4 specifications?

Pre-meeting comments
Please indicate if you would support any of the above proposals.
	Company
	Comments

	OPPO2
	We would like to add another issue for discussion.
In current situation, it is unclear if the CS-RNTI with NDI=1 indicate a waveform, should this waveform be activated in the following transmission? We think this should be supported as the waveform can be switched in some period without new DCI. The proposal is:
In configured grant, the transmissions of PDCCH scrambled by CS-RNTI with NDI=0 should follow the waveform of the earlier transmission scheduled by PDCCH scrambled by CS-RNTI with NDI=1.

Please have this also in the discussion in the other issues.

	Moderator
	@OPPO2: this is captured in section 6.4. However, my understanding is that CS-RNTI with NDI=0 is CG type 2 activation and the waveform follows RRC-configured value within ConfiguredGrantConfig in that case.
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Appendix: Previous agreements
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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