3GPP TSG RAN WG1 #112		                          			   	 R1-2301541
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:	9.14.3
Source:	Moderator (InterDigital, Inc.)
Title:	Summary #2 on dynamic switching between DFT-S-OFDM and CP-OFDM
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
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 tag ([Open]/[Closed]) is indicated for each issue for each round of discussion. For a given round, input is requested for issues marked as [Open] only. In addition, 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

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Collection of agreements in 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.

Proposals 
Proposals for Monday online session
	FL proposal 2-2: Confirm the following working assumption:

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



	FL proposed conclusion 1-2: Dynamic waveform switching in R18 is not applicable to configured grant Type 1 PUSCH.



	FL proposal 1-1r1: Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH activated by DCI format 0_1 or 0_2.
· 1-bit field of the activating DCI of format 0_1 or 0_2 indicates waveform.




	FL proposal 3-1: Support reporting of power headroom information applicable to a reference PUSCH using a target waveform different from waveform of actual PUSCH:
· Support at least the case where reference PUSCH has same RB allocation and modulation order as actual PUSCH (FFS: RB allocation not compatible with target waveform)
· FFS: Type of power headroom information (power headroom and/or Pcmax,c)
· FFS: Whether it can be included in same PHR as legacy PH types
· FFS: Triggering of information



	FL proposed conclusion 1-1: Dynamic waveform switching in R18 is not applicable to PUSCH scheduled or activated by DCI format 0_0.



	FL proposed conclusion 1-3: Dynamic waveform switching in R18 is not applicable to msg3 PUSCH.



Proposals for Thursday morning online session
	FL proposal 1-1r3: 
· Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant Type 1 PUSCH.
· Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH transmissions with a Type 2 configured grant activated by DCI format 0_1 or 0_2.
· The activation DCI of format 0_1 or 0_2 includes the dynamic waveform indication field supported as per the working assumption taken at RAN1#111.
· Note: This applies for first and subsequent PUSCH transmissions with a Type 2 configured grant.
· 1-bit field of the activating DCI of format 0_1 or 0_2 indicates waveform.



	FL proposed conclusion 1-1: Dynamic waveform switching in R18 is not applicable to PUSCH scheduled or activated by DCI format 0_0.



	FL proposed conclusion 1-3: Dynamic waveform switching in R18 is not applicable to msg3 PUSCH.



	FL proposal 2-3r1: The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.
Dynamic waveform indication in the DCI dynamically scheduling a PUSCH only applies to the dynamically scheduled PUSCH and PUSCH repetitions, if any, and not to subsequent PUSCH transmissions.
Note: this does not preclude dynamic waveform indication in a DCI activating configured grant type 2.



	FL proposal 2-4r1: 
RAN1 to select one of the following Options for DCI size alignment when DWS indication is configured in DCI format 0_1 or 0_2:

Option 1: Per-format alignment
· Step 1: For C-RNTI, assume field sizes based on DWS indication. 
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to that of C-RNTI and indicated waveform based on existing C-RNTI/CS-RNTI alignment clause. 
· FFS: If DWS is not supported or not configured for CG Type 2 activation, and DWS field does not match RRC-configured waveform for indicated CG index, and NDI=0, it is an error case. 
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
Option 2: Per-field alignment
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
Option 3: Per-field alignment only for fields preceding NDI field
· Step 1: For fields preceding NDI, apply per-field alignment as per Steps 1 and 2 of Option 2.
· Step 2: For fields following NDI, determine field sizes based on DWS as per Steps 1 and 2 of Option 1.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
[Option 4: Per-field alignment only for DCI addressed to CS-RNTI] 
· For DCI addressed to C-RNTI:
· Step 1: Determine size of fields based on DWS indication.
· Step 2: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· For DCI addressed to CS-RNTI:
· Apply padding to each field, if necessary, to match the size of the corresponding field for the DCI addressed to C-RNTI and (DWS=CP-OFDM).
Notes:
· For Option 1 and [Option 4], DWS field must be positioned before any field that depends on waveform.
· For Option 3, DWS field must be positioned before NDI field, or immediately after NDI field



Topic #1: Applicability of dynamic waveform switching 
A set of issues is related to the type of transmission concerned by dynamic waveform switching. 
In RAN1#110bis-e, RAN1 made agreement that dynamic waveform switching is applicable to PUSCH channel only. RAN1 made a further agreement that it is applicable to PUSCH dynamically scheduled by DCI format 0_1 or 0_2, but other cases still need to be decided.
The following cases are considered separately:
· PUSCH dynamically scheduled by DCI format 0_0
· PUSCH scheduled by configured grant type 1/2
· PUSCH scheduled by RAR (msg3)
· Other cases/scenarios

[LP][Open] Issue #1-1: Applicability to PUSCH scheduled by DCI format 0_0
Summary of company views from contributions submitted to RAN1#112
Applicability to PUSCH scheduled or activated by DCI format 0_0
By C-RNTI and TC-RNTI: Oppo [4], ZTE [5], Mavenir [15] 
· Need to maximize applicability of dynamic waveform switching [4]
· DCI format 0_0 is used in coverage-limited scenarios [4][5]
· No ambiguity after the UE is connected to network [4]
· Add column to default TDRA table [4]
· Always configuring DFT-S-OFDM for DCI format 0_0 inefficient [5]
· (Except for TC-RNTI) Add 1 bit in case number of bits for DCI format 0_0 before padding is smaller than DCI format 1_0 [5]
· (for TC-RNTI) Use same waveform as msg3 initial transmission [5]
· Cover more scheduling scenarios, e.g. msg3 [15]
By TC-RNTI: Nokia [29], Intel [16]
· Support msg3 retransmissions [16][29]
Open: NTT DOCOMO [26] 
· Benefit may not be large, need to handle early indication of capability issue [26]
No: Spreadtrum [3], vivo [6], CATT [8], China Telecom [9], InterDigital [11], Lenovo [12], Panasonic [13], ETRI [18], LG [19], Denso [20], Ericsson [21], Samsung [22], Qualcomm [25], Sharp [27], Mediatek [28]
· Better if interpretation remains stable during RRC reconfiguration [3][11][18]
· Format 0_0 only has mandatory fields, should not add bit [3]. Support of DWS is optional [20]
· (by TC-RNTI) Early indication would be required for UE not in RRC connected, large spec impact [6]
· Supporting format 0_0 has small benefit, e.g. other formats can be used [8][11][28]
· Can configure DFT-S-OFDM for format 0_0 if coverage is limited [11]
· Format 0_0 only supports basic scheduling/fallback operation [12][16][25], e.g. only RA type 1 [3][8], DMRS configuration/port is fixed [3].
· Avoid specification impact [9]
· Better not to increase payload size of DCI format 0_0 [12][13][16][18][20][21][25], cannot change size for CSS [13][27]
· Would require different solution for this DCI format [19][25]
· Format 0_0 is infrequently used, no need for optimization [21]

Observations on applicability to PUSCH scheduled by DCI format 0_0
5 companies support applicability to PUSCH scheduled by DCI format 0_0 for either or both C-RNTI or TC-RNTI. Of these, 3 companies are supportive of C-RNTI. 1 company is open. On the other hand, 15 companies do not support any applicability to PUSCH scheduled by DCI format 0_0.
Compared to previous meeting, there seems to be even more opposition to apply dynamic switching to PUSCH scheduled by DCI format 0_0. For C-RNTI, majority of companies think there is little, or no benefit given that other formats can be used, and that this DCI format is intended for basic operation and for robustness during RRC reconfiguration. There are also concerns about introducing a field linked to an optional feature to this format and potentially increasing the size. For TC-RNTI, simply adding a 1-bit indication seems not possible and early indication by RACH partitioning would be required otherwise the network would not know if it is requesting a msg3 retransmission to a UE that supports the feature.
Moderator does not see how further discussion can change the situation for this issue, and recommends taking the following conclusion to avoid wasting efforts for the future:
	FL proposed conclusion 1-1: Dynamic waveform switching in R18 is not applicable to PUSCH scheduled or activated by DCI format 0_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 feel free to provide any feedback on FL proposed conclusion 1-1:
	Company
	Comments

	ZTE
	Respect FL’s effort, but now there are several companies supporting the DWS applicable to PUSCH scheduled or activated by DCI format 0_0, we don’t need to hurry to the above proposed conclusion.
We support DWS can be applicable to PUSCH scheduled or activated by DCI format 0_0 scrambled by C-RNTI as the PUSCH scheduled or activated by DCI format 0_0 also need to get the benefit of DWS especially located in the cell edge. Our proposal on the way of indication will not have additional overhead on DCI and have no change of the current size alignment procedure.
For Msg3 retransmission, i.e., PUSCH scheduled by DCI format 0_0 scramble by TC-RNTI, we propose to keep the same waveform with initial transmission of Msg3.

	Nokia/NSB
	We do not support the proposed conclusion 1-1. 

We share similar view as ZTE on DCI format 0_0 scrambled by C-RNTI. In addition, we see a clear benefit of supporting DWS at least for re-transmission of Msg3. Therefore, we hope that RAN1 can further discuss this topic rather than rushing for a conclusion at this point in time.


	Panasonic
	We support FL proposed conclusion.

	Ericsson
	Support FL proposed conclusion 1-1

	Spreadtrum
	We support FL proposed conclusion 1-1.

	CMCC
	Support.

	Samsung
	Support proposal 1-1.

	Lenovo
	Support FL proposed conclusion 1-1.

	LG
	We support the proposal.

	Sharp
	Support the proposed conclusion 1-1.

	Qualcomm
	I think the prevailing thought is that 0_1/0_2 is sufficient to reach a cell-edge UE. This leads us to think extending DWS to 0_0 is not critical. 

Further, is the proponent’s intent to start using this starting from Msg 5? How is the UE capability reporting to be handled?

	Apple
	Support FL proposed conclusion 1-1

	ETRI
	Support

	Moderator
	@ZTE, Nokia/NSB: I understand this is not preferred conclusion, but I observed very little new arguments on this issue compared to last time. I also observed more companies expressing concerns on supporting DCI format 0_0.

	OPPO
	We don’t support the proposal. That is due to the limited coverage supported by format 0_1/0_2.  As the coverage limit is reached dynamically, the format 0_0 would be very necessary.
Supporting 0_0 may be with more effort but not much higher and it is feasible.

	Sony
	Support FL proposal 1-1

	China Telecom
	Support.


[MP][Open] Issue #1-2: Applicability to configured grant
Summary of company views from contributions submitted to RAN1#112
Applicability to CG type 1
· Yes: Lenovo [12], Mavenir [15]
· If switching is better for dynamic grant, it is also better for configured grant [12]
· Add second DMRS configuration in CG configuration [12]
· Can use MAC CE [15]
· Consider: Xiaomi [7], LG [19], NTT DOCOMO [26], Nokia [29]
· URLLC data requires robustness [7]
· Benefit of dynamic switching valid for any type of scheduling, but CG type 1 may be difficult [26]
· If dynamic waveform switching indication is applied to subsequent PUSCH [29]
· No: Spreadtrum [3], Oppo [4], ZTE [5], CATT [8], InterDigital [11], Panasonic [13], Sony [14], Intel [16], Denso [20], Samsung [21], Apple [24], Qualcomm [25], Sharp [27], Mediatek [28]
· Keep principle that all parameters are configured by RRC [3][16][28]
· No activation DCI exists for CG type 1 [5][8][11][13][14][20]
· CG type 2 is better candidate for switching [11][13]
· Requires MAC CE, otherwise change by DCI is subject to false/mis-detection and would increase gNB complexity [13]
· No benefit of changing only waveform but not resource allocation [13]
· Can configure multiple CG configurations instead [16][20][25][28]
· Additional parameters would need to change [21][25]
· Configured parameters may be incompatible with one of the waveforms. Switching would require changing these parameters [25]
· No benefit [21]

Applicability to CG type 2:
· Yes: ZTE [5], vivo [6], Xiaomi [7], InterDigital [11], Lenovo [12], Panasonic [13], Sony [14], Intel [16], ETRI [18], Denso [20], Samsung [22], Apple [24], Sharp [27], Nokia [29]
· Can reuse 1-bit field for DCI format 0_1/0_2 in activation [5][6][11][12][13][14][20][29]
· No increase of DCI size for activation since it needs to be size-aligned with dynamic grant [27]
· URLLC data requires more robustness [7]
· Enables adaptation for URLLC traffic [11]
· Only if activation is in format 0_1/0_2 [16]
· No additional standard effort [24]
· Open to discuss: Spreadtrum [3], CATT [8], Qualcomm [25], NTT DOCOMO [26]
· If included in activation or deactivation DCI [3] (explicit bit) [25]
· Possibly for activation by format 0_1/0_2 only [8]
· Benefit of dynamic switching valid for any type of scheduling [26]
· No: Oppo [4], Samsung [21], Mediatek [28]
· Activation DCI would not be available timely (?) [4]
· Additional parameters would need to change [21]
· No benefit [21]
· Can configure multiple CG configurations instead [28]

Observations on applicability to PUSCH scheduled by configured grant
For applicability to configured grant, as in previous meeting the situation is different depending on whether it is type 1 or type 2. 
For CG type 1, 2 companies support applicability to this case while 14 companies do not support and 4 are open. The main argument for supporting switching for CG type 1 is that it can be used to support critical (URLLC) data and needs to benefit from the power boost of DFT-S-OFDM when the UE becomes power-limited. Non-supporting companies counter that this would increase complexity (e.g. require additional RRC parameters, require that DCI indication applies to subsequent transmissions), go against CG type 1 design, and that other solutions are available (e.g. multiple CG configurations or CG type 2, if supported).
Moderator also notes from the discussion in Issue #2-1 that many companies have concern about the complexity of having DCI indication apply to subsequent transmissions. Considering the situation, moderator recommends concluding on not supporting applicability to CG type 1.
	FL proposed conclusion 1-2: Dynamic waveform switching in R18 is not applicable to configured grant Type 1 PUSCH.


For CG type 2, 14 companies support applicability to this case while 3 companies do not support, and 4 companies are still open to discuss. Supporting companies identify that the 1-bit dynamic waveform switching indication that is supported as working assumption for UL scheduling DCI can be reused seamlessly for the DCI activating CG type 2. CG type 2 can also be used to support URLLC traffic and may address the need for adaptability for this case. Non-supporting companies have concerns about the need to change other parameters on top of waveform (though in Moderator’s understanding such parameters could already be indicated in the activation DCI?) and that the benefit is limited.
	FL proposal 1-1: Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH activated by DCI format 0_1 or 0_2.
· 1-bit field of the DCI format 0_1 or 0_2 indicates waveform.



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 any feedback on FL proposed conclusion 1-2 and FL proposal 1-1.
	Company
	Comments

	ZTE
	Support. It should be clarified that whether the PUSCH in proposal include the consecutive PUSCHs after the initial CG PUSCH.

	Nokia/NSB
	Support FL proposal 1-1.

For FL proposed conclusion 1-2, we prefer to conclude on whether DWS is applied to subsequent PUSCHs first. If it is not applied, then it’s obvious that the proposed conclusion 1-2 is valid.

	Panasonic
	We support FL proposed conclusion 1-2. We also support FL proposal 1-1.

	Ericsson
	Support.

	Spreadtrum
	Support FL proposed conclusion 1-2.
For FL proposal 1-1, we are open to discuss it.

	CMCC
	Support.

	Samsung
	Support conclusion 1-2.
Do not support proposal 1-1. 

	Lenovo
	For FL proposed conclusion 1-2, We think this is related to FL proposal 2-3. We suggest to discuss FL proposal 2-3 first.
Support FL proposal 1-1.

	LG
	Support the proposal and further clarification how to apply indication for PUSCH transmission followed by Type 2 CG PUSCH will be needed.

	Sharp
	Support the proposed conclusion 1-2 and the proposal 1-1. Just to make sure that the proposed conclusion 1-2 does not preclude the applicability of the dynamic waveform switching for the retransmission of the configured grant type 1 PUSCH.

	QC
	Support conclusion 1-2. For Proposal 1-1, can we clarify that the 1-bit is to be included in the activating DCI?

	Apple
	Support both proposed conclusion 1-2 and proposal 1-1.

	ETRI
	Support the proposal 1-1, and conclusion 1-2.

	Huawei, HiSilicon
	Support both if the two proposals can be combined as one and it is clarified that dynamic waveform indication can be applied to PUSCH retransmission for CG PUSCH.

	Moderator
	@ZTE: not sure I understand why a clarification on “consecutive PUSCHs” is needed? The configured grant, when activated, re-occurs periodically as specified in 38.321 section 5.8.2.
@Sharp, Huawei, Hisilicon: PUSCH retransmission for CG PUSCH is not precluded, because “An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.” - as specified in 38.321 section 5.4.1. Also, we made agreement in RAN1#110bis-e to support it.
@QC: the thinking is that the DCI of the sub-bullet implicitly refers to the DCI of main bullet, but OK to clarify.

	OPPO
	We support proposal 1-1.
Do not support conclusion 1-2.

	Sony
	Support proposed conclusion 1-2
Support proposal 1-1

	China Telecom
	Support both proposals.



	FL proposal 1-1r1: Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH activated by DCI format 0_1 or 0_2.
· 1-bit field of the activating DCI of format 0_1 or 0_2 indicates waveform.




First offline session (Tuesday)
Following discussion in online session, moderator suggests the following update for discussion. The changes in main bullets align better with terminology used in specification (38.214) and at the same time remove any possible ambiguity about which CG-PUSCH transmissions are referred to. The wording change of the sub-bullet is to clarify that it is the same dynamic waveform indication field included in DCI format 0_1 or 0_2 taken as working assumption that indicates the waveform in the activating DCI.

	FL proposal 1-1r2: 
· Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant Type 1 PUSCH.
· Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH transmissions with a Type 2 configured grant activated by DCI format 0_1 or 0_2.
· The activating DCI of format 0_1 or 0_2 includes the dynamic waveform indication field supported as per the working assumption taken at RAN1#111.
· 1-bit field of the activating DCI of format 0_1 or 0_2 indicates waveform.



During the offline discussion, companies suggested to add a note to ensure understanding that the dynamic waveform indication applies to first and subsequent PUSCH transmissions with a Type 2 configured grant.

	FL proposal 1-1r3: 
· Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant Type 1 PUSCH.
· Dynamic waveform switching in R18 is applicable to configured grant type 2 PUSCH transmissions with a Type 2 configured grant activated by DCI format 0_1 or 0_2.
· The activation DCI of format 0_1 or 0_2 includes the dynamic waveform indication field supported as per the working assumption taken at RAN1#111.
· Note: This applies for first and subsequent PUSCH transmissions with a Type 2 configured grant.
· 1-bit field of the activating DCI of format 0_1 or 0_2 indicates waveform.



One company (Mediatek) has concern on the above proposal because an alternative solution already exists to dynamically change waveforms for CG type 2 if the UE can be configured with multiple CG configurations. If one CG configuration is configured with CP-OFDM and another CG configuration is configured with DFT-S-OFDM, the network can activate one and release the other to realize waveform switching. On the other hand, other companies think that this solution is not satisfactory because it requires the UE to support multiple CG configurations, it consumes available CG configurations only for the purpose of switching, and it requires 2 steps (activation and release) to perform switching instead of single step (re-activation with a different waveform indication).
One company had question on CG retransmissions. It was clarified that there is already an agreement to support CG retransmissions (which are dynamic uplink grant as per 38.321) from RAN1#110bis. 

[LP][Open] Issue #1-3: Applicability to msg3 PUSCH
Summary of company views from contributions submitted to RAN1#112
· Yes: Oppo [4], ZTE [5] (for msg3 with repetitions), Sony [14], Intel [16] (also for retx), Nokia [29] (at least for retx)
· Enables selection based on UE’s channel conditions instead of cell-level [4][16]
· Can use same solution as for dynamically scheduled PUSCH [4] (?)
· Set waveform to DFT-S-OFDM if number of repetitions is >1 [5]
· Other msg3 coverage enhancement techniques not sufficient [14]
· Override SIB field for UE in connected or inactive mode [14]
· Use MAC CE or signaling in PDCCH order for RACH for UE in connected/inactive state [14]
· Use reserved bits or CSI request bit of RAR for idle state UE [14]
· Cell-level configuration is now always DFT-S-OFDM [29]
· Msg3 repetitions may not be sufficient [29]
· Preamble partitioning is only a problem for initial msg3 transmission supporting msg3 retransmissions (format 0_0 with TC-RNTI) is more important [29]
· Study: NTT DOCOMO [26]
· Benefit may not be large, need to handle early indication of capability issue [26]
· No/low priority: Spreadtrum [3], CATT [8], Lenovo [12], Panasonic [13], LG [19], Denso [20], Ericsson [21], Samsung [22], Qualcomm [25], Mediatek [27]
· Additional preamble partitioning required [3][8]
· Possible impact on RAR grant and DCI format 0_0 [8]
· gNB does not have sufficient channel/power information to select [3][12][21][22][25]
· Would require PRACH resources for identification of capability [13][20][22][25]
· Difficult to introduce indication in RAR and DCI format 0_0 [19][20]
· Msg3 repetitions are specified, latency not a concern [25]
· Unclear benefit [8][27]

In addition, no company proposes to support dynamic indication for msgA, and one company [8] explicitly proposes to not support it.
Observations on applicability to msg3 PUSCH
5 companies support applicability to msg3 PUSCH (initial transmission) while 10 companies do not support. 1 company is open to study. Supporting companies identify same motivation as for msg3 repetition, to better support UE’s at cell edge. Non-supporting companies think that the benefit is unclear given that the network has not enough information on the UE situation and have concerns about the complexity, particularly the need for reserving PRACH resources for identification of capability.
Moderator observes that there is more opposition to support this case compared to last meeting. It seems very unlikely that further discussion can change the situation for this issue. Moderator proposes to take the following conclusion:
	FL proposed conclusion 1-3: Dynamic waveform switching in R18 is not applicable to msg3 PUSCH.



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 any feedback on FL proposed conclusion 1-3.
	Company
	Comments

	ZTE
	Partially support. We don’t want to apply the DWS for Msg3 without repetition. But we propose if the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM” by itself. Maybe this can be regarded as a kind of dynamic waveform switching?
So the proposal can be revised as “Dynamic waveform switching in R18 is not applicable to msg3 PUSCH without repetitions.”

	Nokia/NSB
	We do not support this conclusion for the same reason as commented in Section 5.1.1.

We see a clear benefit of supporting DWS at least for re-transmission of Msg3. Indeed, since it’s a retransmission, it’s clear that the previous transmission(s) (which may already apply Msg3 repetitions) was/were failed. Obviously, another approach to be applied on top of Msg3 repetition is needed in this case for improving coverage, which could be DWS. 

DWS for Msg3 re-transmission should not use the same approach as for DG PUSCH (i.e., adding new 1-bit field) given that modifying the content of fallback DCI is not preferred. An implicit approach as the ones discussed at the beginning of the release can be applied for DWS for Msg3 re-transmission. 

We hope that RAN1 can further discuss this topic rather than rushing for a conclusion at this point in time.

	Panasonic
	We support FL proposed conclusion 1-3.

	Ericsson
	Support.

	Spreadtrum
	We support FL proposed conclusion 1-3.

	CMCC
	Support.

	Samsung
	Support proposed conclusion 1-3.

	Lenovo
	Support FL proposed conclusion 1-3.

	LG
	Agree with the proposal.

	Sharp
	Support the proposed conclusion 1-3

	QC
	Support.

	Apple	
	Support 

	ETRI
	 Support.

	Moderator
	@ZTE: It does not look like your proposal would be more agreeable to other companies. It would still require an early indication mechanism which seems to be major concern here.
@Nokia/NSB: applying to msg3 retransmission would also require an early indication mechanism. Also, we are not definitely not “rushing” to a conclusion here since this had been proposed in contributions for 3 meetings.

	OPPO
	We think Msg3 should be supported.

	Sony
	We think Msg3 PUSCH should be supported especially for Msg3 repetitions.

	China Telecom
	Support. At least the current discussed dynamic switching indicated by scheduling DCI should not be adopted for Msg3.



[LP][Open] Issue #1-4: Other issues related to requirements and scenarios
Summary of company views from contributions submitted to RAN1#112
For the scenario of uplink carrier aggregation:
· One company [13] proposes to discuss whether dynamic waveform switching is supported in CA/DC scenario.
· Dynamic waveform switching is to be used not in real cell edge but closer to the cell center, therefore should be supported [13]
· One company [21] proposes that UL CA is assumed to be supported with dynamic waveform switching unless a technical obstacle cannot be overcome.
· R17 coverage enhancements features can all be supported in UL CA scenario.

Observations on other issues related to requirements
Applicability to uplink carrier aggregation scenario could have impact on the design of assistance information (if supported). If uplink carrier aggregation is supported, a further question is if the assumed 1-bit dynamic waveform switching indication will be supported in DCI format 0_X currently designed as part of the multi-carrier enhancements WI. 
Moderator assumes that dynamic carrier switching is supported in uplink carrier aggregation. However, it would be good to collect views from other companies to confirm this.
Pre-meeting comments
Please indicate if you agree that dynamic carrier switching is supported in uplink carrier aggregation. If yes, please also indicate if you think DCI format 0_X should support dynamic switching indication in R18:
	Company
	Comments

	ZTE
	Support to study the DWS in UL CA case. Is it reasonable to assume all the UL carrier will follow the same one indication bit for dynamic waveform switching?

	Nokia/NSB
	We prefer to firstly discuss about any technical issue for supporting DWS with UL CA first. 

	Panasonic
	We assume that “dynamic carrier switching” is typo of “dynamic waveform switching”. We agree that UL CA is assumed to be supported with dynamic waveform switching.

	Ericsson
	The combination use of UL CA and Rel-17 coverage enhancement features was discussed and supported. Therefore, we think it is the same to Rel-18 coverage enhancement.
Whether to support the DCI indicated waveform with a single DCI which schedules multiple cells can be discussed first in Rel-18 MCE WI.

	Spreadtrum
	Support to study the DWS in UL CA case. We think the PUSCH transmission waveform can be different in different carrier. 
DCI 0_X is not finished and some fields have not been decided yet. Thus, it is too early to consider the possibility of supporting DCI format 0_X. Second, we don’t understand why it has to change PUSCH waveform for more than one co-scheduled cells.

	Samsung
	Yes to the first question. Although the combination of UL CA and DWS is of rather secondary importance, it can be based on gNB implementation without spec impact. 
No to the second question. As DWS will need to be a cell-specific field (not a single field jointly applicable to all cells) and is not expected to be indicated simultaneously for all cells or to be “frequent”, it would actually be detrimental to support by MC-DCI when SC-DCI is available. In any case, the overall importance is marginal and there is no need to additionally support that feature.

	Lenovo
	Support to study the potential issues for supporting DWS in UL CA case.

	LG
	We do not object to further discuss multi-carrier cases e.g., CA/DC, UL CA, but DWS mechanisms in single carrier scenario should be concluded previously.

	Sharp
	We also assume dynamic waveform switching can work with UL CA.

	QC
	We think DWS can be supported for UL-CA as well. Some additional discussion may however be necessary here especially on inter-band CA vs intra-band CA.

	Apple
	We are open to discuss to supporting UL CA, but the first priority is to finish the single carrier case, UE in the cell edge is configured with CA is not typical case.

	Huawei, HiSilicon
	Confirm that it is applicable to multiple carrier scenarios including UL-CA and SUL.

	OPPO
	Open to further discussion.

	China Telecom
	We are open to further discuss the problem. However, we think the mechanism for the single carrier scenario should be specified first.



Topic #2: Dynamic switching mechanism
A set of issues concern the mechanism(s) that support dynamic waveform switching for the different cases to support.
[HP][Open] Issue #2-1: Dynamic indication options
Summary of company views from contributions submitted to RAN1#112
Confirm working assumption to support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Yes: ZTE [5], vivo [6], Xiaomi [7], CATT [8], InterDigital [11], Lenovo [12], Sony [14], Intel [16], CMCC [17], LG [19], Denso [20], Ericsson [21], Samsung [22], Apple [24], NTT DOCOMO [26], Mediatek [28], Panasonic [13]
· (With update for DCI format 0_0) [5]
· (Delete 1-bit because of the case of multiple PUSCH scheduled by single DCI) [6]
· (At least for format 0_1) [26]
· Re-consider implicit (reuse existing bit): China Telecom [9]
· Re-consider MAC CE: Mavenir [15]

Whether indication applies to subsequent transmissions (not scheduled/activated by the DCI)?
· Yes: Lenovo [12], (Mavenir [15]), Nokia [29]
· For CG only [12]
· Network does not need to indicate waveform for each PUSCH transmission [29]
· No need for frequent back-to-back switching of waveform [29]
· gNB can detect missing PUSCH [29]
· WID mentioned “switching” and not “indication” [29]
· No: Spreadtrum [3], Oppo [4], InterDigital [11], Panasonic [13], Intel [16], ETRI [18], Denso [20], Samsung [22], Qualcomm [25], Sharp [27]
· Sufficient to apply only to the scheduled PUSCH, associated DCI’s are applicable for subsequent PUSCHs [3]
· Not necessary if DCI format 0_0 and CG type 1 not supported [3][11]
· Additional complexity does not justify benefit [11]
· May result in misalignment of state in case of false/mis-detection of DCI [13][16][18][20][25]
· Prefer state-less design [13]
· Would not be in line with 3GPP philosophy [18]
· For CG-PUSCH, additional parameters need to change when waveform switch is needed [22]
· PUSCH scheduling DCI format 0_0 can use R17 solution, no need to optimize [22]
· Increases gNB complexity to handle error case [27]

Other input
· Confirm working assumption taken at RAN1#110-bis-e: Mediatek [28]
· Restrict usage of larger size DCI according to a time pattern (duration T recurring periodically): Nokia [29]
· To avoid additional overhead in some periods [29]
· Concerns: Panasonic [13]
· Make operation more complex, simpler to use DCI format without indication instead [13]

Observations on dynamic indication options
13 companies are ok to confirm the working assumption on supporting new 1-bit indication. 3 companies are ok to confirm with some modification related to applicable DCI format. In moderator understanding, adding details related to DCI format 0_0 [5] is not needed since we have not agreed to support this case and the working assumption does not preclude it anyway. Similarly, the issue with “1-bit” [6] only exists if the indication is supported for DCI format 0_X, which is not yet discussed. Further agreement is anyway necessary for handling this case if agreed to be supported. With respect to DCI format 0_2 [26], there is already an agreement from RAN1#110bis that it supports dynamic switching indication. The agreement does not imply that it needs always to be configured. Moderator therefore suggests to simply confirm the working assumption as is.
	FL proposal 2-2: Confirm the following working assumption:

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



On applying the dynamic waveform switching indication to subsequent transmissions (not addressed by the DCI), 3 companies are supportive while 10 companies are opposing. The main concern is that it would introduce complexity and require handling of error cases, for little benefit.
	FL proposal 2-3: Dynamic waveform indication in the DCI dynamically scheduling a PUSCH only applies to the dynamically scheduled PUSCH and PUSCH repetitions, if any, and not to subsequent PUSCH transmissions.
· Note: this does not preclude dynamic waveform indication in a DCI activating configured grant type 2.



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 any feedback on FL proposals 2-2 and 2-3.
	Company
	Comments

	ZTE
	Support proposal 2-2 and main bullet of proposal 2-3.
The note of proposal 2-3 should be further clarified. Does the note mean the PUSCH of configured grant type 2 other than the first PUSCH will not follow the indication bit of dynamic waveform switching? From my point of view, it seems no benefit if the PUSCHs of CG type 2 other than the initial PUSCH activated by DCI don’t follow the DWS indication bit.

	Nokia/NSB
	We appreciate the efforts of FL and the whole group for reaching the WA, therefore we are fine with FL proposal 2-2, although it’s not our first preference. In addition, we would like to clarify that another approach that doesn’t change DCI format 0_0 (i.e., other than adding a new 1-bit field, e.g., implicit indication) can be applied for DWS of Msg3 retransmission, if supported.


For FL proposal 2-3, we would like to discuss it further. Basically, as explained in our Tdoc and summarized by FL, we don’t see any issue with missing DCI when applying DWS indication to subsequent PUSCHs. If there really is an issue with missing DCI then the issue should exist for missing the activation DCI of CG PUSCH type 2 as well. Then why do we support applying the DWS indication for CG PUSCH type 2 but not for other PUSCH types? 

In addition, we would like to encourage companies to consider “Restrict usage of larger size DCI according to a time pattern (duration T recurring periodically)”


	Panasonic
	We added our position to the summary (i.e., we support to confirm the working assumption). We support FL proposed 2-2 and 2-3.

	Ericsson
	Support FL proposal 2-2.
We support proposal 2-3 in principle, which means the dynamic waveform only applies to the scheduled TB, which can be a single PUSCH or PUSCH repetition. However, the wording of “if any” may cause misunderstanding that the DCI doesn’t schedule any PUSCH and is not an UL scheduling DCI. Another concern is whether TBoMS is excluded from the proposal. In our view, PUSCH, PUSCH repetition, and TBoMS are already included in the following agreement, so there is no need to repeat in the new proposal, and it is sufficient to put in the new proposal that dynamically indicated waveform doesn’t apply to the PUSCH transmission of the subsequent TB.

Agreement (RAN1#110bis)
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).


	Spreadtrum
	We support to confirm the working assumption. We support proposal 2-2 and proposal 2-3.

	CMCC
	Support FL proposal 2-2. Proposal 2-3 may need some detail discussion.

	Samsung
	Support both proposals.
We understand that the note is a separate issue and part of a previous proposal with separate discussion.

	Lenovo
	Support proposal 2-2. 
For proposal 2-3, we think it has benefits to support DWS indication applicable to subsequent PUSCH. In current specification, if a gNB wants to switch the waveform of a CG PUSCH transmission, it will it deactivate/release the CG PUSCH transmission and activate/configure a CG PUSCH with the new waveform. It may incur extra delay. Therefore, we don’t support proposal 2-3.

	LG
	We support both proposal 2-2 and proposal 2-3.

	Sharp
	Fine with the proposal 2-2. We support the proposal 2-3.

	QC
	Support both proposals.

	Apple
	Support both proposals

	ETRI
	Support both proposals.

	Huawei, HiSilicon
	In our understanding, No WA confirmation before the decision on per-DCI or per-field DCI alignment. Our concern is the spec impact and the implicit indication by TDRA table has much less spec impact than the per-field DCI alignment.

	Moderator
	@ZTE: please check my response to 5.2.1. All occurrences of the configured grant are activated by the DCI, not just the first one.

@Nokia, NSB: I believe the missing DCI issue for CG type 2 is handled by triggering the CG confirmation MAC CE. Otherwise, the network cannot know if the UE missed the DCI or did not have UL data to transmit. Since the MAC CE confirmation is not supported (or proposed) for DWS, it is indeed a worse problem for DWS.

@Ericsson, I understand your concern on excluding TBoMS, but not sure if “transport block” works because it would mean that the indication applies to HARQ retransmissions.

@Huawei, HiSilicon: there is no relation between the WA confirmation of using 1-bit field for DWS and the issue of whether to align per field or per format. The latter issue must be addressed irrespective of the solution for DCI indication (i.e. even if we have implicit indication by TDRA table).


	DOCOMO
	Ok with both

	Sony
	We agree with confirmation of the working assumption. We think the accompanying Note should be deleted. DCI alignment is considered as a separate issue.

	China Telecom
	Support both proposals. 
[bookmark: OLE_LINK4]However, for proposal 2-2, we just worried about whether the increase of DCI size is too more since the size alignment has already increase the payload of DCI for DFT-s-OFDM. If some scenarios to be discussed, e.g. CA or Msg3, also be supported in the further and to find 1 bit is not enough, we think that no more bits should be added and an implicit method should be than considered with high priority.



First offline session (Tuesday)
Following discussion in online session, moderator suggests considering the following note to clarify that the 1-bit field is applicable to the DCI formats agreed so far for DWS:

	FL proposal 2-2r1: Confirm the following working assumption with additional note:

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
· Note: 1-bit field size is applicable to agreed DCI format 0_1 and 0_2. FFS for other DCI format(s), if supported.  



However, during offline session on Tuesday companies observed that there may be cases of scheduling more than 1 TB even for DCI format 0_1/0_2, e.g. for multi-PUSCH transmission in NR-U and on-going discussion in R18 MIMO. Since these cases have not been discussed so far, it seems safer to confirm first for the case of single TB scheduled by single DCI. Other cases can be confirmed later in further agreements.

	FL proposal 2-2r2: Confirm the following working assumption 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
  



Regarding FL proposal 2-3, it seems that majority of companies agree to the proposal but a few companies that support in principle have concerns on the formulation. Moderator suggests following rewording to address the concerns. However, there was no time to discuss this during the offline discussion on Tuesday.
	FL proposal 2-3r1: The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.
Dynamic waveform indication in the DCI dynamically scheduling a PUSCH only applies to the dynamically scheduled PUSCH and PUSCH repetitions, if any, and not to subsequent PUSCH transmissions.
Note: this does not preclude dynamic waveform indication in a DCI activating configured grant type 2.



[MP][Open] Issue #2-2: DCI size alignment between CP-OFDM and DFT-S-OFDM
Summary of company views from contributions submitted to RAN1#112
How to align DCI size between CP-OFDM and DFT-S-OFDM:
· Align DCI size per format: Huawei [2], (Mediatek [28]?), Ericsson, Samsung, Apple
· Only requires simple bit padding at end of DCI [2]
· New fields may be introduced later for DFT-S-OFDM [2], padding bits can be reused (but not with per-field alignment, which would result in larger DCI size)
· Reuse DCI decoding/parsing implementation at gNB and UE [2]
· Same principle as cross-carrier scheduling and previous releases [2], single PUSCH vs multiple PUSCHs [21]
· Less complex than per-field [2]
· List new 1-bit DCI field at the beginning to help parse the DCI [28]

· Align DCI size per field: Spreadtrum [3], Oppo [4], ZTE [5], CATT [8], China Telecom [9], InterDigital [11], (Intel [16]?), ETRI [18], (Ericsson [21]?), Samsung [22], Transsion [23], Qualcomm [25], NTT DOCOMO [26], Sharp [27], Nokia [29]
· Field size applicable to CP-OFDM is always equal or larger than DFT-S-OFDM [3][26]
· Fields related to waveform are stable and do not require updates in future releases [3]
· Simpler [3][5][8][9][11]
· Match assuming CP-OFDM waveform [16]
· Approach used for size alignment for CG retransmission [5][21][27]
· Alignment per format requires location of new 1-bit field to be fixed (before fields dependent on waveform) [8][17][18]
· Bit width and position of DCI field does not depend on indicated waveform [21]
· Alignment per field used in other designs [8]
· Field alignment clause between C-RNTI and CS-RNTI may be ambiguous if field sizes are waveform-dependent [27]
· Can leverage zero-padded bits for other uses, e.g. DFT-S-OFDM variations [29]

· Open to either option: NEC [10], Lenovo [12], Panasonic [13], CMCC [17], Ericsson, China Telecom, ETRI, InterDigital
· Both approaches already implemented, e.g. per-format (CIF) and per-field (BWP) [13]
· DCI per field if bitwidth for CP-OFDM always larger than bitwidth for DFT-S-OFDM [10]

Observations on DCI size alignment
2 companies prefer alignment per format while 15 companies prefer alignment per field. 4 companies have no preference. Most companies observe that both approaches are already used in existing specifications. Per-field alignment is preferred by majority of companies because it does not impose any constraint on the placement of the DWS indication field in the DCI and does not result in larger DCI size than per-format alignment given that for all existing fields, DFT-S-OFDM always require the same number of fewer bits. However, as noted in [2] this assumption may not remain true if new fields related to DFT-S-OFDM spectrum shaping are introduced in R18. In such case, per-field alignment may result in larger size unless the necessary bits for the new fields are taken from the padding bits within some other fields [29]. On the other hand, another potential consideration (not discussed in contributions) is whether per-field alignment could be simpler than per-format alignment if it is agreed to support DCI format 0_X.
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 that the possibility of new fields specific to DFT-S-OFDM spectrum shaping or the possibility of supporting DCI format 0_X should be considered for the decision.
	Company
	Comments

	ZTE
	Yes, we support aligning DCI size per field.

	Nokia/NSB
	We support aligning DCI format per field, which captures very well majority view since last meeting and does not encounter any technical issue. 

	Panasonic
	We are OK with either option since both approaches have already implemented in NR.

	Ericsson
	We are open to the two options in our contribution and now would like to have our name added to per format alignment.
Compared with per-field alignment, adding all padding bits at the end of the DCI is closer to the current UE and gNB implementation and simpler to implement the new feature. The potential smaller total DCI size in the future is another advantage, if a future DCI field is specific to DFT-S-OFDM or has a larger bit width for DFT-S-OFDM.

	Spreadtrum
	We support aligning DCI size per field.
Actually, the DCI in different waveform configurations is the same DCI, only the field length may be different. We think alignment on per-field basis is simpler and we prefer to support it. We think it is too early to discuss the possibility of new fields specific to DFT-S-OFDM spectrum shaping.  In addition, the DCI overhead seemed not a critical issue. Aligning DCI size per field for different waveform can be implemented.

Regarding the possibility of supporting DCI format 0_X, we think it is too early to consider it.  Because DCI 0_X is not finished and some fields have not been decided yet.
Second, we don’t understand why it has to change PUSCH waveform for more than one co-scheduled cells

	Samsung
	Our position is to align per DCI format. @FL - please change this in a future version of the summary.
With one exception, aligning per DCI format is typical in NR, it is a simpler approach, and it is forward compatible even without considering at this moment other fields for DFT-S-OFDM. We do not identify any benefit for aligning per field.

	Sharp
	[bookmark: _Hlk128406263]No matter if a new field for DFT-S-OFDM spectrum shaping is introduced, the size of each field should be aligned between two waveforms. Otherwise, the existing field size alignment between C-RNTI and CS-RNTI does not work properly.

	Lenovo
	We think either method can solve this issue. We prefer align DCI size per field since it has major support and proposal in last meeting can be used as start.

	LG
	We don’t agree to consider the spectrum shaping case for DFT-S-OFDM yet. 
Both whether to accept it (or TR, even transparent scheme on the table) and how many information bits required once accepted are not clear since it is RAN4’s responsibility to select which MPR/PAR reduction solution is specified in Rel-18, if any from RAN4. It would be efficient to focus on benefits based on the current existing fields.

	Apple
	We are open to two options. We slight prefer alignment per format, it is simple. Anyway UE knows the field length after decoding 1-bit waveform indication field. 

	ETRI
	We support per-field alignment while we are open to consider future compatibility.

	Huawei, HiSilicon
	One of our concerns seems missing in the summary, which is that the per-field alignment will end up with larger DCI size than the per-DCI alignment when a new DCI field dedicated to DFT-s-OFDM is introduced in R18 and onwards. Larger DCI size is not good for coverage enhancement. Forward compatibility should be taken into account and we don’t agree on the view “Fields related to waveform are stable and do not require updates in future releases” in the summary.
Our preference is per-DCI alignment or fallback to implicit indication by TDRA table extension.

	DOCOMO
	We support per-field alignment. Not sure if coverage issue due to larger DCI overhead really exists – in our understanding DWS is mainly considered for UE experiencing a “slight” coverage issue where the proper waveform should be selected dynamically. In that case DCI overhead based on CP-OFDM seems not an issue. If DCI overhead has any issue, we guess just to semi-statically configure DFT-S-OFDM (legacy RRC) is taken, without DWS. 

	China Telecom
	Support both proposals. 
However, for proposal 2-2, we just worried about whether the increase of DCI size is too more since the size alignment has already increase the payload of DCI for DFT-s-OFDM. If some scenarios to be discussed, e.g. CA or Msg3, also be supported in the further and to find 1 bit is not enough, we think that no more bits should be added and an implicit method should be than considered with high priority.



Tuesday/Wednesday offline discussions
Offline discussions took place on Tuesday and Wednesday on this issue. One issue, raised by Sharp in the above, is the handling of the alignment clause between C-RNTI and CS-RNTI:
“A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell.”
This clause was introduced in R15 to ensure that the UE can find the position of the NDI bit (R1-1813935) given that the NDI bit is following fields whose size depends on RRC parameters that may be different depending on whether the DCI contains CG type 2 activation or a dynamic grant. This includes the transform precoding parameter.
Since the NDI bit, for DCI addressed to CS-RNTI, indicates whether the DCI contains CG Type 2 activation or a retransmission, there is potential ambiguity if DWS is not supported or not configured for CG Type 2 activation. In this case, the size of fields preceding NDI would follow either the DWS or an RRC parameter depending on the NDI value. To solve the ambiguity in case of per-format alignment, the network sets the DWS bit to the same value as the RRC parameter when the DCI is for CG Type 2 activation. Otherwise, it is an error case.
Another observation is that in case there is no per-field alignment between waveforms, the position of the NDI field is dependent on the value of the DWS indication field. This implies that the DCI needs to be partially parsed and decoded before the position of the NDI field is known and may be considered undesirable from UE implementation perspective. One possibility to avoid the dependency is to apply per-field alignment between waveforms for any field preceding the NDI. This could be considered as a hybrid solution between per-format alignment and per-field alignment.
In terms of forward compatibility, one benefit of per-format alignment approach is that in case new fields are introduced that are applicable to DFT-S-OFDM only (e.g. related to spectrum shaping technique), the resulting total DCI size would not increase until the number of bits from these new fields exceeds the total number of padding bits added to a DCI indicating DFT-S-OFDM to match the size of CP-OFDM. To avoid the increase of DCI size in the per-field alignment approach, some existing fields that would otherwise be padded in case of DFT-S-OFDM can be re-purposed with larger size to carry the new information specific to DFT-S-OFDM.
Moderator proposes to first agree on the following proposal that identifies the Options in more detail: 
	FL proposal 2-4: 
RAN1 to select one of the following Options for DCI size alignment when DWS indication is configured in DCI format 0_1 or 0_2:

Option 1: Per-format alignment
· Step 1: Determine field sizes based on waveform indicated in DWS field for each of C-RNTI and CS-RNTI.
· In case DWS is not supported or not configured for CG Type 2 activation, UE expects DWS field to match RRC-configured transform precoding parameter for the CG.
· Step 2: Align fields for CS-RNTI to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
· Step 3: Apply padding at the end of the DCI, if necessary to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
Option 2: Per-field alignment
· Step 1: Apply padding at the end of each field, if necessary, to match the size of the largest field size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM) for both C-RNTI and CS-RNTI.
· Step 2: Align fields for CS-RNTI to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
Option 3: Per-field alignment only for fields preceding NDI field
· Step 1a: For fields preceding NDI, apply per-field alignment as per Step 1 of Option 2.
· Step 1b: For fields following NDI, determine field sizes based on DWS as in Step 1 of Option 1.
· Step 2: Align fields for CS-RNTI to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
· Step 3: Apply padding at the end of the DCI, if necessary to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).



The above FL proposal was discussed offline between several companies. After discussion, it was noted that the description of Option 1 in FL proposal 2-4 was not correct for the CS-RNTI case. The UE first needs to determine the field sizes for C-RNTI then can align the field sizes for CS-RNTI. This is corrected in FL proposal 2-4r1 below. 
An additional solution (Option 4) was also proposed during the offline discussion. The intention of Option 4 is to have the position of NDI field known from RRC configuration only (as in Option 2 and 3), but only for DCI addressed to CS-RNTI. For DCI addressed to C-RNTI, it may not be as critical that NDI position is known from RRC configuration only. However, how this solution would address the case of additional fields specific to DFT-S-OFDM only has not been fully explored yet. 
	FL proposal 2-4r1: 
RAN1 to select one of the following Options for DCI size alignment when DWS indication is configured in DCI format 0_1 or 0_2:

Option 1: Per-format alignment
· Step 1: For C-RNTI, assume field sizes based on DWS indication. 
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to that of C-RNTI and indicated waveform based on existing C-RNTI/CS-RNTI alignment clause. 
· FFS: If DWS is not supported or not configured for CG Type 2 activation, and DWS field does not match RRC-configured waveform for indicated CG index, and NDI=0, it is an error case. 
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
Option 2: Per-field alignment
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
Option 3: Per-field alignment only for fields preceding NDI field
· Step 1: For fields preceding NDI, apply per-field alignment as per Steps 1 and 2 of Option 2.
· Step 2: For fields following NDI, determine field sizes based on DWS as per Steps 1 and 2 of Option 1.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
[Option 4: Per-field alignment only for DCI addressed to CS-RNTI] 
· For DCI addressed to C-RNTI:
· Step 1: Determine size of fields based on DWS indication.
· Step 2: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· For DCI addressed to CS-RNTI:
· Apply padding to each field, if necessary, to match the size of the corresponding field for the DCI addressed to C-RNTI and (DWS=CP-OFDM).
Notes:
· For Option 1 and [Option 4], DWS field must be positioned before any field that depends on waveform.
· For Option 3, DWS field must be positioned before NDI field, or immediately after NDI field



[MP][Open] Issue #2-3: Other aspects
Summary of company views from contributions submitted to RAN1#112
Several companies [3][6][8][26] discuss options for handling of FDRA type configuration when dynamic waveform switching is configured, considering that FDRA type 0 is not possible for DFT-S-OFDM. The following alternatives are identified:
· Alt-1: Configuration of FDRA type to Type 0 is error case: [3][8][26]
· MSB of FDRA set to 0 is error case if DFT-S-OFDM is indicated and FDRA type is set to dynamicSwitch [26]
· Alt-2: If FDRA type is configured to Type 0, UE applies FDRA type 1 for DFT-S-OFDM and FDRA type 0 for CP-OFDM [8]
· Alt-3: Introduce additional RRC parameter for FDRA type applicable to DFT-S-OFDM: [3] 

Two companies [6][18] discuss aspects related to BWP configuration and BWP switching.
· [18] proposes that DWS can be configured per BWP (some UL BWP do not dynamically indicate).
· [18] proposes that in case UE switches from a BWP not configured with DWS to a BWP configured with DWS, the 1-bit field for DWS indication is taken from existing field (e.g. MCS).
· [6] proposes to apply RRC-configured waveform of target BWP for PUSCH scheduled by DCI indicating BWP change irrespective of dynamic switching indication in DCI.

Several companies [3] discuss other aspects related to RRC configuration:
· [3] proposes that parameters required by both waveforms are configured when dynamic waveform switching is configured.
· [3] proposes to not support DFT-S-OFDM with rank>1.
· [3] proposes to apply MCS table configured for indicated waveform.
· [4][5][19] proposes to introduce new RRC parameter for enabling dynamic waveform switching.
· [6] proposes to discuss how to support switching of multiple PUSCH transmissions scheduled by single DCI.
· [6] proposes to discuss rules to avoid indicating a target waveform that is not supposed to be supported with rank>1, pi/2 BPSK, FDRA type 0.
· [8] proposes that DMRS configuration type 2, if configured, applies to PUSCH indicated with CP-OFDM.
· [12] proposes that presence of dynamic waveform indication in DCI format 0_1/0_2 is configured by RRC per DCI format. [16] proposes that presence is configured by RRC.
· [12] discusses configuration of RRC parameters specific to CP-OFDM or DFT-S-OFDM.
· [13] proposes that dynamic waveform switching is enabled or disabled by RRC [13] (Option 1: additional value of transformPrecoder; Option 2: New RRC parameter.)
· [26] proposes to discuss UE behaviour when DMRS Type 2 is configured for PUSCH and DFT-S-OFDM is indicated by DCI.

Other proposals:
· Study potential enhancement to enable UE fallback from DWS to legacy DCI [17]
· Dynamic waveform switching supported for RRC connected state [22]

Observations on other aspects
For each of the above issues, only a few companies provided views. Before making proposals, moderator would like to get views from more companies on the following issues:
1. How to handle FDRA type configured to Type 0 when DWS is configured (Alt-1/2/3 in above, or other)
2. Whether DWS is configurable per BWP or per UE.
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 your view on the 2 above questions.
	Company
	Comments

	ZTE
	We support to introduce new RRC parameter for enabling dynamic waveform switching.
For issue of FDRA type configured to Type 0, we prefer Alt 1, by gNB to avoid the misconfiguration.

	Nokia/NSB
	For question 1, Alt. 2 seems to be aligned with adding zero padding bits at the end of each field (i.e., if RA type 0 is configured, but DFT-s-OFDM is indicated then some of the bits in the FDRA is used for indicate RA type 1 for DFT-s-OFDM, the rest is zero padded). Therefore, we support this alternative. We think that when we agree on adding zero padding bits at the end of each field then the problem 1 is automatically solved. We are also fine with Alt. 1 if it’s majority view.

For question 2, we are open to further discuss. Though we slightly prefer configurable per UE.

	Panasonic
	For question 1, we thin either Alt.1 or Alt.2 can be discussed further.
For question 2, we are open to discuss it. Our initial view is that DWS is configurable per BWP.

	Ericsson
	1. One merit of the new DCI field of waveform indication is to avoid scheduling restriction. Thus, it is better to solve the issue than treating it as an error case.
2. Since the RRC configured waveform is per BWP, a UE can now be configured with different waveforms across BWPs. Dynamic waveform can also be per BWP.

	Spreadtrum
	For question 1, We support Alt. 1.
For question 2, we are open to discuss it and we prefer DWS is configurable per BWP.

	Samsung
	We think that when a waveform is indicated by a DCI format, settings for RRC parameters that are impacted by the waveform should be considered as if the configured waveform is the one indicated by the DCI format. There is no need for additional restrictions or changes to the existing parameter settings.

	Lenovo
	We think either method can solve this issue. We prefer align DCI size per field since it has major support and proposal in last meeting can be used as start.

	Sharp
	1. Our preference is Option 1 “Configuration of FDRA type to Type 0 is error case”, because we see no motivation to configure other types for DFT-S-OFDM.
2. We are open to discuss it.

	Lenovo
	For question 1, does Alt1 mean if a UE supports dynamic waveform switching, resource allocation can only be set as type 1 or dynamic?
3. For question 2, We think whether the new 1-bit field exist in UL scheduling DCI or not can be configured by RRC per DCI format per BWP. If this field does not exist in UL scheduling DCI, legacy method for determining the waveform shall be used.

	QC
	Open to discussion both further. 

	DOCOMO
	Open for both



Network can configure dynamicSwitch always? 
Is FDRA size same between DFT-S-OFDM and CP-OFDM? Yes unless additional RRC parameter is introduced just for DFT-S-OFDM.

Topic #3: Assistance information for switching waveform
[HP][Open] Issue #3-1: Enhancements to report impact of change of waveform
Support assistance information for a target waveform?
· Yes: Huawei [2], Spreadtrum [3], vivo [6], Xiaomi [7], China Telecom [9], NEC [10], InterDigital [11], Lenovo [12], Panasonic [13], ETRI [18], Ericsson [21], Samsung [22], Transsion [23], Apple [24], NTT DOCOMO [24], Nokia [29]
· Difference of Pcmax between waveforms function of UE implementation [2][3][11][23]
· Data transmission failure may occur if gNB estimate of power boosting is optimistic [2]
· Limited performance improvement without enhancement as scheduler cannot decide MCS and RB allocation when switching waveform without power difference info [2][24]
· gNB may blindly switch back and forth without assisting information [29]

· No: Oppo [4], ZTE [5] 
· Existing PHR sufficient, should be justified by simulation results [4]
· gNB has capability to estimate the difference of PHR (based on RAN4 specification) [5]
· Increases overhead of UL signaling and reduces coverage [5]
· Target RB allocation and MCS is not related to dynamic waveform switching, can also be estimated by gNB [5]
· gNB can learn based on storing history of PHR data [5]

Assumptions for reference PUSCH (RB allocation, MCS) when reporting PH for a target waveform?
· Same as current PUSCH: Huawei [2], Spreadtrum [3], Panasonic [13], (Samsung [22]), Transsion [23], Apple [24], Qualcomm [25]
· Need to adjust in case RB allocation not supported for target [13]
· Assume a default value: Spreadtrum [3]
· Same inner/outer/edge RB allocation and modulation order as actual PUSCH transmission: Ericsson [21]
· Reuse legacy type 1 PHR based on actual PUSCH but Pcmax is based on target waveform: Ericsson [21]
· Consider MPR, A-MPR and P-MPR when computing PH [25]
· Consider both cases, same or different RB allocation and modulation order [29]
· To provide precise PH related information of target waveform in different RB regions or for different modulations.
· Virtual PH:
· No PH for target waveform in that case: vivo [6], Lenovo [12], Ericsson [21]

Enhance PHR MAC CE to include assistance information?
· Yes: (vivo [6]), (InterDigital [11]), ETRI [18], (Ericsson [21]?), Apple [24], Qualcomm [25], (NTT DOCOMO [26]), Nokia [29]
· Use two PHs, modify R17 PUSCH repetition (two PHs in single MAC CE) to R18 waveform indication
· Report both PH’s (easier gNB implementation) [24][26]
· Report Pcmax and PH for both waveforms [25]
· Option 1: both PHRs, Option 2: current PH + PH difference of target [29]
· No: Huawei [2]
· Information only useful for limited period of time, high overhead [2]
· Better to include only for target waveform when necessary [2]

Triggering of assistance information or new PHR trigger
· Network request: (Huawei [2]), InterDigital [11]
· Helps gNB make timely waveform switching decision and adjust resource allocation and MCS selection, but requires additional overhead [2]
· Better scheduling flexibility [11]
· PH value becoming higher (lower) than a threshold: NEC [10], InterDigital [11], Transsion [23], Qualcomm [25]
· PH for CP-OFDM becomes higher than X1 while DFT-S-OFDM is used [10]
· PH for DFT-S-OFDM becomes lower than X2 while CP-OFDM is used [10]
· PH becomes lower than threshold and another waveform with better PH is available [25]
· Concerns: Huawei [2]
· Cannot help gNB make waveform switching decision [2]
· May result in too frequent PH reporting [2]
· Waveform has switched: Huawei [2] (existing PHR?), ZTE [5] (existing PHR only), China Telecom [9], CMCC [17], Nokia [29]
· PHR uses current calculation method [2]
· gNB can use the information to learn error [5]
· After expiry of timer to avoid unnecessary overhead [29]
· Only if there is change in PL and change in PL difference between waveforms compared to previous report [29]
· Reuse existing trigger [add assistance info to PHR]: vivo [6], InterDigital [11], Ericsson [21], Apple [24]
· Waveform not supposed to change very frequently, existing events sufficient [21]
· Support shorter values of periodic PHR timer: Apple [24]
· Additional conditions for including assistance information: vivo [6], InterDigital [11]
· Change of waveform since last PUSCH transmission [6]
· PH is lower than a threshold [11]
· PH difference between waveforms is higher than a threshold [11]

Recommended waveform or request to switch waveform
· Yes: Spreadtrum [3], Xiaomi [7], Samsung [22]
· No: Huawei [2]
· Requires new MAC CE [2]
· Not helpful to decide MCS selection and RB allocation [2]

Other proposals
· UE reports power reduction due to waveform switching in UE capability reporting [17]
· Discuss how UE can assist gNB manage the required transmission power according to indicated waveform [19]
· Discuss scenario when report of PHR for current and target waveforms is close to or overlaps with existing PHR of current waveform [29]
· Study reporting of PHR information considering CA/DC scenario [13]
· PHR for a target waveform determined from an actual PUSCH using same waveform or reference PUSCH in case no PUSCH uses same waveform [12]

Observations on assistance information
16 companies would like to support transmission of assistance information for a target waveform, i.e. a waveform different from the one currently used for PUSCH. 2 companies prefer to not support such type of enhancement, except possibly for additional PHR trigger [5]. The main motivation for supporting the enhancement is to enable the network to make timely and informed decisions on waveform switching. The main concern is the additional overhead and complexity. For the definition of the assistance information, majority of companies assume that it consists of power-headroom information (PH and/or Pcmax) with reference to a PUSCH transmission that would have same RB allocation and modulation order as the actual PUSCH transmission but using a certain target waveform. The case of an RB allocation incompatible with target waveform would need to be clarified. 
For the triggering of the report, preferences seem to be spread out between different options. Moderator understanding is that:
· When existing triggers are reused, the PHR contains both legacy PH type and the assistance information.
· For new trigger(s), the PHR may or may not contain legacy PH type on top of the assistance information.

Given the majority view, moderator would like to propose the following as a starting point:
	FL proposal 3-1: Support reporting of power headroom information applicable to a reference PUSCH using a target waveform different from waveform of actual PUSCH:
· Support at least the case where reference PUSCH has same RB allocation and modulation order as actual PUSCH (FFS: RB allocation not compatible with target waveform)
· FFS: Type of power headroom information (power headroom and/or Pcmax,c)
· FFS: Whether it can be included in same PHR as legacy PH types
· FFS: Triggering of information




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 moderator’s understanding on triggering above is correct. Please feel free to provide any feedback on FL proposal 3-1.
	Company
	Comments

	ZTE
	Not support the proposal. Except the reason list by FL, please image, the legacy waveform is indicated by semi-static RRC configuration, does the legacy system needs the additional report related to PHR or Pcmax for the semi-static waveform change? The gNB has the ability to adapt the waveform based on the current PHR report, SRS estimation or other measurement e.g., PL etc. The benefit of new additional report for DWS is not clear.

	Nokia/NSB
	Support. For ZTE question, just to clarify our understanding, this will be reported only by the UEs that support DWS. And the assisting information is useful for NW to know if switching waveform is beneficial for those UEs or not.

	Panasonic
	We support FL proposal 3-1.

	Ericsson
	We support the proposal in principle and provide our views regarding the FFS.

The issue mentioned above is if a UE is scheduled FDRA type 0 for CP-OFDM, it may have a problem in calculating power headroom of DFT-S-OFDM with the dis-contiguous RB allocation. In our view, 38.101 defines how to determine edge/outer/inner RB allocations, which is the basis for a UE to calculate PHR of a target waveform.
The legacy triggering events can apply to the new power headroom, and we are open to discuss new ones for the new power headroom. If both power headroom reports are triggered, they can be transmitted in one MAC CE; otherwise, only the triggered PH is reported. 

	Spreadtrum
	Support. When existing triggers are reused and additional trigger(s) condition is satisfied, PHR may contain assistance information on top of the legacy PH type. We think existing triggers should be the premise. Additional conditions for including assistance information can be further studied.
If only the existing trigger conditions are met, the PHR contains legacy PH type. 

	Samsung
	OK to further discuss PHR enhancements (and to clarify our proposal respect to the above summary). In summary, given that such possible enhancements are not part of the WID, we prefer to first discuss spec impact and usefulness of particular approaches before making a general agreement to support PH for a target WF that is different than the WF of the actual PUSCH.

	Lenovo
	We don’t support FL proposal 3-1. We think it is different for case where there is actual PUSCH transmissions corresponding to both CP-OFDM and DFT-s-OFDM as shown in fig(a) and the case where there is only actual PUSCH transmission corresponding to either CP-OFDM or DFT-s-OFDM overlaps with the slot the PHR is reported as shown in fig(b). For case as shown in fig (a), the PHR/Pcmax can be calculated based on the actual PUSCH transmission corresponding the waveform. And for case as shown in Fig(b), the PHR/Pcams can be calculated based on a reference PUSCH. We suggest to discuss them separately.
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	LG
	Support the proposal in principle. The further discussion point is if a waveform is switched, current PHR based on actual PUSCH may not be applied to the waveform immediately. So we need to discuss how to manage/control this kind of discrepancy as to inform more precise power headroom information.

	Sharp
	Fine with the proposal 3-1

	QC
	Support

	ETRI
	We support the intention of the proposal. The proposal seems to be applied in the same BWP where an actual PH is for the target waveform, and a reference PH is for the alternative waveform.

	DOCOMO
	Support 

	China Telecom
	Support.



First offline session (Tuesday)
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Appendix: Previous agreements
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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