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1. [bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]In RAN #94e a new work item description was approved on further NR coverage enhancements [1]. Three main objectives characterize the work item:
	The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary, specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



This contribution focuses on the last objective of the work item, i.e., dynamic switching between DFT-S-OFDM and CP-OFDM. Section 2.1 provides the discussions concerning the applicability of waveform switching indication to MSG3 PUSCH initial and re-transmissions. Section 2.2 discusses remaining details on dynamic waveform switching mechanism. Section 2.3 discusses the follow ups on potential enhancements for assisting the scheduler in determining waveform switching from previous meetings. Section 3 concludes the document by highlighting key proposals and observations.
2. [bookmark: _Toc67700557]Discussion
2.1. Applicability of dynamic waveform switching 
Msg3 PUSCH was identified as a channel suffering from coverage shortage in Rel-17 SI, which led to Msg3 repetition feature specified for Msg3 coverage enhancement in Rel-17. Obviously, the motivation of supporting DWS for Msg3 is the same as the motivation for supporting Msg3 repetition in Rel-17, i.e., to improve Msg3 coverage. Note that DWS for Msg3 can be used as an alternative or addition to Msg3 repetition.
The support of DWS for initial transmission of Msg3 and re-transmission of Msg3 can be separately discussed, since the technical solutions can be different and, to some extent, the motivation for supporting each scenario can be different. In Section 2.1.1 we discuss our views on the applicability of DWS to initial Msg3 transmission. Section 2.1.2 discusses the applicability of DWS for re-transmission of Msg3 (DCI format 0_0 scrambled by TC-RNTI). 
2.1.1 Applicability to initial transmission of Msg3
In RAN1#112bis-e, the following conclusion was made on the applicability to DCI format 0_0 scrambled by C-RNTI.

	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.




In addition, the following was proposed by FL but was not agreed:

	FL proposed conclusion 1-2r2: For PUSCH transmission scheduled by RAR or TC-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.
· [bookmark: _Hlk134659908]The above conclusion can be re-visited only for the case of UE supporting/using multiple PRACH transmissions.




As concluded, there was no consensus for supporting DWS for PUSCH scheduled by DCI format 0_0 scrambled by C-RNTI. In addition, the FL proposed conclusion concerning “re-vising the above conclusion in case of UE supporting/using multiple PRACH transmission” which was not agreed.  
In previous meetings several companies discussed the necessity of applying DWS for Msg3 PUSCH or expressed their interests on further discussions on the topic. In contrast, the main concerns from some other companies for not applying DWS for Msg3 are: 
· Network could always configure DFT-S-OFDM for Msg3 at cell level 
· Potential preamble partitioning 
· No clear benefit compared to Msg3 PUSCH repetition.
· No clear benefit on linking between multiple PRACH transmissions and initial Msg3 PUSCH waveform
· Determination of the number of PRACH transmissions is still open in AI 9.12.1
First of all, always configuring DFT-S-OFDM for Msg3 is a very pessimistic assumption (otherwise, NR would not allow configuring CP-OFDM for Msg3 in the first place). On the other hand, preamble partitioning for applying DWS on Msg3 initial transmission may limit existing preamble/RO resources (e.g., Msg3 repetition request preamble/RO resources). To avoid this issue, a proper solution without additional preamble partitioning can be selected.
[bookmark: _Ref127482271][bookmark: _Toc131415273][bookmark: _Toc131415958][bookmark: _Toc131415975][bookmark: _Toc131415992][bookmark: _Toc131416009][bookmark: _Toc131496952][bookmark: _Toc131502017][bookmark: _Toc131678897][bookmark: _Toc131679066][bookmark: _Toc131679099][bookmark: _Toc131680056][bookmark: _Toc131680171][bookmark: _Toc131680851][bookmark: _Toc131680875][bookmark: _Toc131676590][bookmark: _Toc131682787][bookmark: _Toc131682937][bookmark: _Toc131682959][bookmark: _Toc131682981][bookmark: _Toc131683003][bookmark: _Toc131683025][bookmark: _Toc131683148][bookmark: _Toc131683236][bookmark: _Toc131683271][bookmark: _Toc131683307][bookmark: _Toc131683343][bookmark: _Toc131683379][bookmark: _Toc131683415][bookmark: _Toc131683451][bookmark: _Toc131683487][bookmark: _Toc131683523][bookmark: _Toc131683574][bookmark: _Toc131605354][bookmark: _Toc131605802][bookmark: _Toc131676752][bookmark: _Toc131677034][bookmark: _Toc131677864][bookmark: _Toc131677918][bookmark: _Toc131692274][bookmark: _Toc131692311][bookmark: _Toc131693284][bookmark: _Toc134785449][bookmark: _Toc134785486][bookmark: _Toc134803071][bookmark: _Toc134804104][bookmark: _Toc134804168][bookmark: _Toc134804216][bookmark: _Toc142575628][bookmark: _Toc142578705][bookmark: _Toc142578717][bookmark: _Toc142578759][bookmark: _Toc142650280]Observation 1. Always configuring DFT-S-OFDM for Msg3 is a very pessimistic assumption. Otherwise, NR would not allow configuring CP-OFDM for Msg3 in the first place.
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In addition, RAN1 is specifying Msg1 (PRACH) repetitions in Rel-18 AI 9.12.1 (at least for the case when they are transmitted with the same beam), which allows UEs to repeat Msg1 over multiple ROs. Considering that a UE in coverage shortage may likely initiate Msg1 repetitions, the corresponding Msg3 transmission may be suffering from poor performance as well, given the same distance between the UE and gNB. In this case, Msg3 may need to be transmitted with repetitions as well. However, since Msg3 payload is higher than Msg1, relying only on repetitions may help to tackle coverage shortage for Msg1 but not Msg3. 
[bookmark: _Toc131677036][bookmark: _Toc131677866][bookmark: _Toc131677920][bookmark: _Toc131682789][bookmark: _Toc131682939][bookmark: _Toc131682961][bookmark: _Toc131682983][bookmark: _Toc131683005][bookmark: _Toc131683027][bookmark: _Toc131683150][bookmark: _Toc131683238][bookmark: _Toc131683273][bookmark: _Toc131683309][bookmark: _Toc131683345][bookmark: _Toc131683381][bookmark: _Toc131683417][bookmark: _Toc131683453][bookmark: _Toc131683489][bookmark: _Toc131683525][bookmark: _Toc131683576][bookmark: _Toc131692276][bookmark: _Toc131692313][bookmark: _Toc131693286][bookmark: _Toc134785451][bookmark: _Toc134785488][bookmark: _Toc134803073][bookmark: _Toc134804106][bookmark: _Toc134804170][bookmark: _Toc134804218][bookmark: _Toc142575630][bookmark: _Toc142578707][bookmark: _Toc142578719][bookmark: _Toc142578761][bookmark: _Toc142650282]Observation 3. Considering that a UE in coverage shortage may likely initiate Msg1 repetitions, the corresponding Msg3 transmission may be suffering from poor performance as well, given the same distance between the UE and gNB. In this case, Msg3 may need to be transmitted with repetitions as well. However, since Msg3 payload is higher than Msg1, relying only on repetitions may help to tackle coverage shortage for Msg1 but not Msg3.
The above observation shows that any other approach for improving Msg3 coverage should be considered, including DWS.
In RAN1#111 AI 9.12.1, the following agreement on determining the number of PRACH transmission was agreed:
	Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


In RAN1#112bis-e, some companies expressed their preferences to revisit applicability of DWS to initial Msg3 transmission after the discussion on number of PRACH determination or linkage of PUSCH Msg.3 to the PRACH transmission/repetition is concluded in AI 9.12.1. As it can be seen from above agreement, at least SSB-RSRP threshold has been identified to determine the number of PRACH transmissions. On the benefits of linkage between PRACH transmissions and initial Msg3 PUSCH waveform, we believe that waveform configured in msg3-transformPrecoder is not only used for Msg3 but also used for PUSCH scheduled by DCI format 0_0 (and some other fallback cases). Thus, one should not consider that network should always configure DFT-s-OFDM as granted in msg3-transformPrecoder. In addition, given that coverage conditions could be different for different UEs in the cell, network can only know if a UE is in coverage shortage or not by receiving Msg1. Therefore, it’s reasonable using DFT-s-OFDM for Msg3 if Msg1 with repetition is used by the UE (e.g., in case CP-OFDM is configured in msg3-transformPrecoder). However, if companies still have concerns because of the ongoing work for Msg1 repetitions in AI 9.12.1, we suggest continuing the discussion here in this AI to exchange companies views for the sake of time, rather than wait and revisit later. 
[bookmark: _Ref127482298][bookmark: _Toc131415276][bookmark: _Toc131415961][bookmark: _Toc131415978][bookmark: _Toc131415995][bookmark: _Toc131416012][bookmark: _Toc131496955][bookmark: _Toc131502020][bookmark: _Toc131605357][bookmark: _Toc131605805][bookmark: _Toc131678900][bookmark: _Toc131679069][bookmark: _Toc131679101][bookmark: _Toc131680059][bookmark: _Toc131680174][bookmark: _Toc131680854][bookmark: _Toc131680878][bookmark: _Toc131676593][bookmark: _Toc131676755]Furthermore, in previous meetings some companies discussed the potentials to enable the CE UE to apply different waveform than the default RRC configured waveform specified in msg3-transformPrecoder only if Msg3 PUSCH transmission with repetitions is applied. In our view, apart from the need for additional preamble partitioning as described above, relying only on the parameter msg3-transformPrecoder (configured before Msg1 transmission) without considering the actual channel conditions of a specific UE is insufficient for determining a good waveform to be used by the UE for Msg3 transmission. 
[bookmark: _Toc134804171][bookmark: _Toc134804219][bookmark: _Toc142575631][bookmark: _Toc142578708][bookmark: _Toc142578720][bookmark: _Toc142578762][bookmark: _Toc142650283]Observation 4. Relying only on the parameter msg3-transformPrecoder (configured before Msg1 transmission) without considering the actual channel conditions of a specific UE is insufficient for determining a good waveform to be used by the UE for Msg3 transmission.  
From the above observations we propose the following:
[bookmark: _Toc131415325][bookmark: _Toc131605373][bookmark: _Toc131605821][bookmark: _Toc131680400][bookmark: _Toc131680899][bookmark: _Toc131681861][bookmark: _Toc131682809][bookmark: _Toc131682885][bookmark: _Toc131682898][bookmark: _Toc131682911][bookmark: _Toc131682924][bookmark: _Toc131683047][bookmark: _Toc131683170][bookmark: _Toc131683258][bookmark: _Toc131683294][bookmark: _Toc131683330][bookmark: _Toc131683366][bookmark: _Toc131683402][bookmark: _Toc131683438][bookmark: _Toc131683474][bookmark: _Toc131683510][bookmark: _Toc131683546][bookmark: _Toc131683560][bookmark: _Toc131692297][bookmark: _Toc131692334][bookmark: _Toc134785473][bookmark: _Toc134785504][bookmark: _Toc134803087][bookmark: _Toc134804120][bookmark: _Toc134804185][bookmark: _Toc134804234][bookmark: _Toc142575640][bookmark: _Toc142578770][bookmark: _Toc142650291]Proposal 1. RAN1 to study solutions for supporting DWS for initial transmission of Msg3 PUSCH. The linkage between Msg1 repetitions and waveform for initial transmission of Msg3 can be discussed in 9.12.3 as a working assumption which can be confirmed when the work in AI 9.12.1 is further progressed.
2.1.2 Dynamic waveform switching for re-transmission of Msg3
As discussed, the FL proposal from RAN1#112bis-e in Section 2.1.1, decisions on DWS for re-transmission of Msg3 were paused as there was no consensus. 
To our views, it is even more essential to support DWS for re-transmission of Msg3. Re-transmission of Msg3 PUSCH only happens when the initial transmission of Msg3 (with or without repetitions, using configured waveform) is failed. Therefore, it is beneficial if the UE can switch waveform for the re-transmission to further improve coverage of the retransmission.
[bookmark: _Ref127482306][bookmark: _Toc131415277][bookmark: _Toc131415962][bookmark: _Toc131415979][bookmark: _Toc131415996][bookmark: _Toc131416013][bookmark: _Toc131496956][bookmark: _Toc131502021][bookmark: _Toc131605358][bookmark: _Toc131605806][bookmark: _Toc131678901][bookmark: _Toc131679070][bookmark: _Toc131679102][bookmark: _Toc131680060][bookmark: _Toc131680175][bookmark: _Toc131680855][bookmark: _Toc131680879][bookmark: _Toc131676594][bookmark: _Toc131676756][bookmark: _Toc131677037][bookmark: _Toc131683274][bookmark: _Toc131683310][bookmark: _Toc131683346][bookmark: _Toc131683382][bookmark: _Toc131683418][bookmark: _Toc131683454][bookmark: _Toc131683490][bookmark: _Toc131683526][bookmark: _Toc131683577][bookmark: _Toc131692277][bookmark: _Toc131692314][bookmark: _Toc131693287][bookmark: _Toc134785452][bookmark: _Toc134785489][bookmark: _Toc134803074][bookmark: _Toc134804107][bookmark: _Toc134804172][bookmark: _Toc134804220][bookmark: _Toc142575632][bookmark: _Toc142578709][bookmark: _Toc142578721][bookmark: _Toc142578763][bookmark: _Toc142650284]Observation 5. Re-transmission of Msg3 PUSCH only happens when the initial transmission of Msg3 (with or without repetitions, using configured waveform) is failed. Therefore, it is beneficial if the UE can switch waveform for the re-transmission to further improve coverage of the retransmission.
It can be deduced from the agreement made in RAN1#112 that the new 1-bit field cannot be used for DWS indication for re-transmission of Msg3, given that size of fallback DCI format should not be changed. Therefore, other solutions should be considered for DWS for re-transmission of Msg3. Note also that RAN1 does not need to start from scratch since other solutions for DWS (other than adding a new field) were discussed in previous meetings and can be considered for DWS for re-transmission of Msg3 (please refer to our Tdoc submitted to RAN1#111 for analysis on potential solutions [5]). Similar to our views presented in Section 2.1.1, companies concern on supporting DWS for Msg3 re-transmission is because of the ongoing work for Msg1 repetitions in AI 9.12.1, we suggest continuing the discussion here in this AI to exchange companies views for the sake of time, rather than wait and revisit later.
[bookmark: _Ref127482329][bookmark: _Toc131415280][bookmark: _Toc131415965][bookmark: _Toc131415982][bookmark: _Toc131415999][bookmark: _Toc131416016][bookmark: _Toc131496959][bookmark: _Toc131502024][bookmark: _Toc131605361][bookmark: _Toc131605809][bookmark: _Toc131678904][bookmark: _Toc131679073][bookmark: _Toc131679105][bookmark: _Toc131680063][bookmark: _Toc131680178][bookmark: _Toc131680858][bookmark: _Toc131680882][bookmark: _Toc131676597][bookmark: _Toc131676759][bookmark: _Toc131677040][bookmark: _Toc131677869][bookmark: _Toc131677923][bookmark: _Toc131682792][bookmark: _Toc131682942][bookmark: _Toc131682964][bookmark: _Toc131682986][bookmark: _Toc131683008][bookmark: _Toc131683030][bookmark: _Toc131683153][bookmark: _Toc131683241][bookmark: _Toc131683277][bookmark: _Toc131683313][bookmark: _Toc131683349][bookmark: _Toc131683385][bookmark: _Toc131683421][bookmark: _Toc131683457][bookmark: _Toc131683493][bookmark: _Toc131683529][bookmark: _Toc131683580][bookmark: _Toc131692280][bookmark: _Toc131692317][bookmark: _Toc131693290][bookmark: _Toc134785454][bookmark: _Toc134785491][bookmark: _Toc134803075][bookmark: _Toc134804108][bookmark: _Toc134804173][bookmark: _Toc134804222][bookmark: _Toc142575633][bookmark: _Toc142578710][bookmark: _Toc142578722][bookmark: _Toc142578764][bookmark: _Toc142650285]Observation 6. The solution of adding a new 1-bit field to scheduling DCI as agreed in RAN1#112 cannot be applied for DWS indication in case of re-transmission of Msg3 PUSCH given that the scheduling DCI is of format 0_0, which is a fallback DCI format.
From the above observations we propose the following:
[bookmark: _Toc131605822][bookmark: _Toc131680401][bookmark: _Toc131680900][bookmark: _Toc131681862][bookmark: _Toc131683547][bookmark: _Toc131683561][bookmark: _Toc131692298][bookmark: _Toc131692335][bookmark: _Toc134785474][bookmark: _Toc134785505][bookmark: _Toc134803088][bookmark: _Toc134804121][bookmark: _Toc134804186][bookmark: _Toc134804235][bookmark: _Toc142575641][bookmark: _Toc142578771][bookmark: _Toc142650292]Proposal 2. RAN1 to support DWS for re-transmission of Msg3 using DCI format 0_0 scrambled by TC-RNTI. A solution that does not impact the current DCI format 0_0 should be considered.
2.1.3 Other issues related to requirements and scenarios
The following can be noted from Section 6.3.4.3 of TS 38.101:
	The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame (1 ms) relatively to the power of the most recently transmitted reference sub-frame (1 ms) if the transmission gap between these sub-frames is less than or equal to 20 ms.
The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames are within the power range bounded by the minimum output power as defined in clause 6.3.1 and the measured PUMAX as defined in clause 6.2.4.
To account for RF Power amplifier mode changes, 2 exceptions are allowed for each of two test patterns. The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.1 and 6.2.1, respectively. For those exceptions, the relative power tolerance limit is a maximum of ± 6.0 dB in Table 6.3.4.3-1.
Table 6.3.4.3-1: Relative power tolerance
	Power step DP (Up or down)
(dB)
	All combinations of PUSCH and PUCCH transitions (dB)
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames (dB)
	PRACH (dB)

	ΔP < 2
	± 2.0 (NOTE)
	± 2.5
	± 2.0

	2 ≤ ΔP < 3
	± 2.5
	± 3.5
	± 2.5

	3 ≤ ΔP < 4
	± 3.0
	± 4.5
	± 3.0

	4 ≤ ΔP < 10
	± 3.5
	± 5.5
	± 3.5

	10 ≤ ΔP < 15
	± 4.0
	± 7.0
	± 4.0

	15 ≤ ΔP
	± 5.0
	± 8.0
	± 5.0

	NOTE:	For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ± 0.7 dB.






It is essential to mention that in the case of multiple TBs/PUSCHs on multiple serving cells, the NW might not be able to take full advantage of the DWS for the coverage enhancement, and in some cases, the UE might even suffer from a worst coverage.
Indeed, let's consider a scenario of multiple PUSCHs on multiple serving cells, wherein UE might have good coverage in a first cell (thus CP-OFDM is used) and poor coverage in a second cell. One way to enhance UL coverage of the UE in the second cell is to switch the waveform to DFT-s-OFDM. Under this scenario, let's consider two cases:

· Case 1: The two PUSCHs overlap in time. Due to the overlapping, the PA efficiency is limited since the time slot contains a combination of the two WFs (DFT-s-OFDM and CP-OFDM), and the MPR could be determined by the worse waveform of the highest PAPR, i.e., CP-OFDM in this case, which makes the switching to DFT-s-OFDM in the second cell being meaningless.

· Case 2: The two PUSCHs have a time gap of less than or equal to 20 ms. Based on the Section 6.3.4.3 of TS 38.101 noted above, the relative power tolerance in the current specs considers only monotonically power sweeping while defining the relative power tolerance values in Table 6.3.4.3-1 of [7] to account for RF Power amplifier mode changes even with the same waveform having the same IBO/OBO for PA. Therefore, non-monotonic power sweeping for UL transmissions with multiple cells could lead to a smaller UE output power, e.g.,  (non-monotonic) <  (monotonic). To better clarify the problem, let's assume the following examples:
· cell2 is in lower coverage than cell1 (as previously mentioned).
· A non-monotonic power sweep between the PUSCHs.
·  with DFT-S-OFDM >  with CP-OFDM.
· cell1 is using CP-OFDM with a power .
· A  is used between the cells due to coverage differences: .

Under these assumptions, let's examine the impact of DWS considering three different scenarios on the power boundaries (note that the following scenarios are only a few selected scenarios to highlight the issue):
· If 
· In this case, a DWS will allow a full gain.
· 
· In this case, a DWS with a non-monotonic power sweep allows a partial gain, while a monotonic power sweep will allow a full power gain.
· 
· In this case, a DWS with a non-monotonic power sweep wouldn't allow to reach the Pcmax1 (and so as Pcmax2), but a monotonic power sweep will allow a full gain.

Note:  The previously mentioned cases assume a single power amplifier UE or a common PA is shared among different PUSCHs, while for UE with multi-PA capability (i.e., dualPA-Architecture) or not sharing a common PA among the different PUSCHs, the issues may not exist since each PA can serve each of the two different cells with a different power tolerance and 20ms time gap.
Therefore, if DWS is supported for the scenario of multiple PUSCHs on multiple serving cells, gNB should carefully handle the scenarios of consecutive (within a time gap of 20ms) or overlapping PUSCHs on different cells having significant power difference. For example, the gNB may schedule PUSCHs with sufficient time delay (to avoid the 20ms time gap), or request UE to use different PAs for different cells (in case UE supports more than one PA) or apply the same WF for all served cells (though this approach may be restrictive if DFT-s-OFDM is always used).
[bookmark: _Toc134785456][bookmark: _Toc134785493][bookmark: _Toc134803077][bookmark: _Toc134804110][bookmark: _Toc134804175][bookmark: _Toc134804224][bookmark: _Toc142575634][bookmark: _Toc142578711][bookmark: _Toc142578723][bookmark: _Toc142578765][bookmark: _Toc142650286]Observation 7. If DWS is supported for multiple PUSCHs on multiple serving cells scenario, DWS to DFT-s-OFDM for PUSCH in one cell may not help improving coverage for a single PA UE in case consecutive PUSCHs overlap or have a time gap of less or equal to 20ms.
[bookmark: _Toc134785476][bookmark: _Toc134785507][bookmark: _Toc134803090][bookmark: _Toc134804123][bookmark: _Toc134804188][bookmark: _Toc134804237][bookmark: _Toc142575642][bookmark: _Toc142578772][bookmark: _Toc142650293]Proposal 3. RAN1 to further discuss the DWS for multiple PUSCHs in multiple serving cells considering further analysis on consecutive PUSCHs scenario.
2.2. Dynamic waveform switching mechanism
2.2.1 Handling of FDRA type/DMRS type
In the last RAN#112bis-e meeting we had two agreements regarding FDRA/DMRS type handling:
	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.



For PUSCH scheduled by UL DCIs 0_1/0_2 with DWS, the RRC-configured resourceAllocation and dmrs-Type parameters may not be compatible with both waveforms. If the RRC-configuration RA or DMRS type is not supported by the dynamically indicated waveform (e.g., FDRA Type 0 or DMRS Type 2 for DFT-s-OFDM), two way are available to handle the issue:
· RRC-configuration that is not supported by the indicated waveform (DFT-s-OFDM in this case) is considered as an error case (Option 1 in the above agreements), or
· The UE ignores the RRC-configuration and always applies RA or DMRS type that is compatible with the indicated waveform, if the RRC configured one is not (Option 2 in the above agreements).
It is clear from Option 1 that the legacy behavior for FDRA and DMRS will be changed since Option 1 restrict the configuration options for RA type and DMRS type, which will constrain the available possibilities when DWS indicates CP-OFDM. Moreover, the functionality of the FDRA dynamic switch will lose its purpose if only MSB set to 1 is possible. For these reasons, we slightly prefer Option 2.
[bookmark: _Toc134804124][bookmark: _Toc134804189][bookmark: _Toc134804238][bookmark: _Toc142575643][bookmark: _Toc142578773][bookmark: _Toc142650294]Proposal 4. UE only uses resourceAllocation if CP-OFDM is indicated. Otherwise, UE applies type 1 resource allocation. Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
[bookmark: _Toc134804125][bookmark: _Toc134804190][bookmark: _Toc134804239][bookmark: _Toc142575644][bookmark: _Toc142578774][bookmark: _Toc142650295]Proposal 5. UE only uses dmrs-Type if CP-OFDM is indicated. Otherwise, UE applies DMRS type 1.
2.2.2 BWP switching
[bookmark: _Toc131692287][bookmark: _Toc131692324]In the RAN112bis-e meeting, the following was agreed:
	Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.



In addition, some companies discussed handling the BWP switching when the DWS indication is configured in one BWP but not in another BWP, the following can be noted from FL summary:
	For the issue of BWP switching from a BWP where DWS indication is not present to a BWP where DWS is present, moderator’s understanding is that the baseline is current specification in section 12 is 38.213, i.e. “zero” is prepended to the field which means that UE assumes the waveform indicated by value zero. Companies are welcome to propose other solutions for next meeting. 
A related issue is how to map “0” and “1” values of the DWS indication field to the waveform.


In our view, if the UE receives a DCI with a BWP switching indication, the UE ignores the DWS indication in the DCI and applies the RRC-configured waveform of the target BWP for the scheduled PUSCH. Afterward, if the BWP is configured with DWS, the UE uses the DWS based on the upcoming UL DCIs DWS indications.
[bookmark: _Toc134785477][bookmark: _Toc134785508][bookmark: _Toc134803091][bookmark: _Toc134804126][bookmark: _Toc134804191][bookmark: _Toc134804240][bookmark: _Toc142575645][bookmark: _Toc142578775][bookmark: _Toc142650296]Proposal 6. If UE switches from a BWP not configured with DWS to a BWP configured with DWS. The UE ignores the DWS indication in the DCI and applies the RRC-configured waveform of the target BWP for the scheduled PUSCH with BWP switching.
2.3. Enhancements to assist the scheduler in determining waveform switching
2.3.1 Details on power headroom (PH) related information
In RAN1#113 meeting, the following was agreed on the potential enhancements to assist the scheduler in determining waveform switching:
	Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 




In RAN1#113 meeting, the last FL proposal 3-2r5 proposal as provided below was not agreed as one company believed it is not in scope of the WID and objectives: [RAN1#113-R1-2306255]
	FL proposal 3-2r5
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select one from the following options:
· Option 1: Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 

· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· FFS: If actual PUSCH transmission is not scheduled by a DCI with DWS field, power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported with same for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· Power headroom information for assumed PUSCH is supported at least if multiplePHR=False and twoPHRmode is not enabled. FFS: other cases.
· For a serving cell with power headroom information of assumed PUSCH to be reported, support only one of alternatives below:
· Alt 1: Power headroom information for assumed PUSCH and legacy Type 1 PH are reported together.
· Alt 2: Only power headroom information for assumed PUSCH is reported.
· RAN1 assumes the following RAN2 impacts and design aspects to be decided by RAN2:
· Trigger/condition for reporting power headroom information for assumed PUSCH.
· Design of MAC CE(s) for the reporting of power headroom information for assumed PUSCH, including whether PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· Whether power headroom information for assumed PUSCH and legacy Type 1 PH are reported together or not.
· Send LS to RAN2 (cc RAN4) if Option 1 is selected.

· Option 4: No enhancement. 



In RAN#100, the following proposal was endorsed [RP-231498]:
	Agreement
· RAN provide guidance to RAN1/2 on dynamic waveform switching objective as below
· RAN1 will decide whether to define any PHR enhancement for dynamic waveform switching and to provide the details to RAN2 by August meeting
· RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI



According to RAN#100 outcome, PHR enhancements for DWS is confirmed to be in the scope of WID and objectives, and the details should be provided to RAN2 by August meeting if RAN1 decides to define this assistance information. 
In previous RAN1 meetings, the necessity of PHR enhancements to assist the scheduler in determining the best WF for DWS was identified and it is clear that the majority in RAN1#113 supports this enhancement. Recalling that the motivation for reporting assistance information is that, only the UE knows its power head room for power boosting when switching to a target waveform. So, gNB would have blind DWS decision without any UE support, since gNB would know only the PHR of the current waveform reported by the UE and the specification requirements for UE minimum transmit power for certain MCS (TS 38.101-1) and the maximum power reduction (MPR) requirement defined by RAN4 specs. These requirements are only a boundary and the UE implementation could use significantly larger transmit power or smaller backoff compared to the aforementioned specs requirements respectively.​ Therefore, it is beneficial for gNB deciding on  DWS  being also dependent on to the information known by the UE for the target waveform. The assistance information can be reported in two main ways, namely in form of PHR of the target waveform before DWS (PHR pre-DWS) or PHR of current WF triggered after DWS (PHR post-DWS). Without the pre-PHR (i.e., without option 1), gNB may switch back and forth between the two waveforms due to blind DWS decision, which may not provide clear benefit while it may unnecessarily increase signaling overhead.
[bookmark: _Toc140768729][bookmark: _Toc142575635][bookmark: _Toc142578712][bookmark: _Toc142578724][bookmark: _Toc142578766][bookmark: _Toc142650287]Observation 8: The assistance information before DWS is essential for gNB to select a suitable waveform in different coverage scenarios, which completes the DWS feature. Without the pre-assistance information (before DWS), gNB may blindly switch back and forth between the two waveforms, which may not provide clear benefit while it may unnecessarily increase signaling overhead.
In the scope of option 4, a workaround is highlighted in RAN#113 where gNB would give back-to-back PUSCH grants with different WFs to figure out which WF to select based on SINR [RAN1#113-R1-23042225]. In this workaround of option 4, gNB should guarantee that both WFs for these two PUSCH have the same configuration except WF mainly reaching their maximum power, using same RB allocation/region, MCS, transmit/receive spatial beam/filter/precoding, time advance commands, DMRS configuration to minimize the impact of channel selectivity on SINR estimation. However, the estimated SINR difference could still lead to inappropriate DWS decision due to estimation accuracy issues at this instance of poor coverage, possible time varying channel/pathloss, UE transmit power variation (e.g., power sharing,/P-MPR), UE power or phase inconsistency with different PUSCH grants, etc. [Nokai RAN1#113]. ]. ]. 
[bookmark: _Toc140768730][bookmark: _Toc142575636][bookmark: _Toc142578713][bookmark: _Toc142578725][bookmark: _Toc142578767][bookmark: _Toc142650288]Observation 9: In contrast to option 1, gNB needs in option 4 to do a blind decision for DWS or to provide back-to-back PUSCH grants with different WFs then to select one of them based on SINR estimated difference. The latter case could still lead to inappropriate DWS decision even if gNB guaranteed the same configurations for both WFs in the two grants and transmission at maximum power, since at least the UE power consistency and time invariant channel/pathloss could be not controlled/maintained by gNB and the SINR estimation accuracy would be low at this instance of poor coverage.
In addition, this approach within option 4 cannot not help sufficiently gNB to determine the appropriate MCS and RB allocation, and thus gNB would need to perform possibly other reconfigurations in order to achieve successful PUSCH reception. This reconfiguration could be also based on blind decision or upon receiving a delayed PHR for target waveform after DWS event (e.g., a  where PHR time period  can take values from 10 ms to 1000ms).
[bookmark: _Toc140768731][bookmark: _Toc142575637][bookmark: _Toc142578714][bookmark: _Toc142578726][bookmark: _Toc142578768][bookmark: _Toc142650289]Observation 10: In contrast to option 1, option 4 in the agreement would not help sufficiently gNB to determine the appropriate PUSCH configuration after DWS event, and thus this could lead to additional latency before achieving successful PUSCH reception and/or optimal data rate. 
DWS feature should target the coverage enhancements for all existing use cases and it is clear that the assumptions of option 4 could not be always guaranteed as option 4 drawbacks could be significant. For instance, the time invariant channel/pathloss assumption could not hold as example with UAV, high speed trains, NTN, higher frequencies even with small mobility or blockage, etc. Moreover, this back-to-back grants for two PUSCH assumed in option 4 would lead to significantly high overhead for gNB especially when higher frequencies (e.g., FR2) is considered where more UE in the cell would be suffering from poor coverage, as well as other usecases in which more latency which is critical (e.g.,  for URLLC and NTN scenarios with large propagation delay). Hence,  option 4 could end up following a try-and-error approach in decision-making of DWS and would limit DWS coverage enhancements where it is really needed.
[bookmark: _Toc140768732][bookmark: _Toc142575638][bookmark: _Toc142578715][bookmark: _Toc142578727][bookmark: _Toc142578769][bookmark: _Toc142650290]Observation 11: In contrast to option 1, option 4 in the agreement would lead to higher overhead and latency that would be critical in different scenarios. This would limit the advantages of DWS since gNB could end up following a try-and-error approach in decision-making of DWS for different use cases where the coverage enhancements is really needed and latency is critical. 
Option 4 is mainly motivated by avoiding specs impact and RAN2 workload at the price of higher overhead, blind DWS decision, and/or limited DWS advantage and applicability (e.g., due to back and forth DWS with blind decision or back-to-back PUSCH grants with different WFs). 
From the above analysis we make the following proposal, the enhancements to assist the scheduler in determining waveform switching (e.g., target WF PHR pre-DWS) based on option 1 should be specified. 
[bookmark: _Toc140768714][bookmark: _Toc142575646][bookmark: _Toc142578776][bookmark: _Toc142650297]Proposal 7. To assist the scheduler in determining waveform switching, Option 1 in the agreement made in RAN1#113, which considers reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH should be endorsed in RAN1#114 meeting.
In order to anticipate the details that should be provided to RAN2, the following comments are added regarding the last FL proposal 3-2r5. The power headroom information of assumed PUSCH can be considered also in the assistance information PH reporting instead of PCMAX,f,c(i), so details for the LS to RAN2 should reflect this point, and it is up to RAN2 how to define PHR within MAC-CE as example according to the required accuracy for PH or Pcmax and the available number of bits. It is preferred to highlight explicitly that the same pathloss is used even in Alt2 PHR where the PHR for current and assumed WFs could be reported at different instance even if they are subjected to different conditions. Finally, RAN1 need to highlight in the details for RAN2 that the assistance information is recommended when multiplePHR or twoPHR is enabled to enable DWS feature.
[bookmark: _Toc140768715][bookmark: _Toc142575639][bookmark: _Toc142575647][bookmark: _Toc142578777][bookmark: _Toc142650298]Proposal 8. RAN1 needs to highlight in the LS to RAN2 that power headroom or Pcmax for assumed PUSCH can be reported in the assistance information, and it is recommended to define PHR enhancements in all cases where multiplePHR or twoPHR are enabled or disabled to enable DWS feature. 
2.4. RRC parameters
The following were agreed in RAN1#112b-e and RAN1#113:
	Agreement (RAN1#112b-e)
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.
Agreement (RAN1#113)
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



Following the above agreements, two RRC parameters should be introduced for configuring dynamic waveform switching for DCI format 0_1 and DCI format 0_2 for each BWP. The parent IE should be PUSCH-Config as per the agreement in RAN1#112b-e. In addition, following the language of the current specs, the parameter names should avoid mentioning about waveform but referring to transform precoder, e.g., dynamicTransformPrecoderEnablerDCI-0-1 and dynamicTransformPrecoderEnablerDCI-0-2.
[bookmark: _Toc142575648][bookmark: _Toc142578778][bookmark: _Toc142650299]Proposal 9. RAN1 to discuss RRC parameter names to be configured separately for DCI formats 0_1 and 0_2 for each BWP under PUSCH-Config. The parameter names should avoid mentioning about waveform but referring to transform precoder as per language of current specs, e.g., dynamicTransformPrecoderEnablerDCI-0-1 and dynamicTransformPrecoderEnablerDCI-0-2.
3. [bookmark: _Toc67700564]Conclusion
In this contribution we have discussed enhancements to support dynamic switching between DFT-s-OFDM and CP-OFDM in Rel-18. The following observations can be noted:
Observation 1. Always configuring DFT-S-OFDM for Msg3 is a very pessimistic assumption. Otherwise, NR would not allow configuring CP-OFDM for Msg3 in the first place.
Observation 2. The potential preamble/RO partitioning can be avoided by selecting a proper solution for DWS.
Observation 3. Considering that a UE in coverage shortage may likely initiate Msg1 repetitions, the corresponding Msg3 transmission may be suffering from poor performance as well, given the same distance between the UE and gNB. In this case, Msg3 may need to be transmitted with repetitions as well. However, since Msg3 payload is higher than Msg1, relying only on repetitions may help to tackle coverage shortage for Msg1 but not Msg3.
Observation 4. Relying only on the parameter msg3-transformPrecoder (configured before Msg1 transmission) without considering the actual channel conditions of a specific UE is insufficient for determining a good waveform to be used by the UE for Msg3 transmission.
Observation 5. Re-transmission of Msg3 PUSCH only happens when the initial transmission of Msg3 (with or without repetitions, using configured waveform) is failed. Therefore, it is beneficial if the UE can switch waveform for the re-transmission to further improve coverage of the retransmission.
Observation 6. The solution of adding a new 1-bit field to scheduling DCI as agreed in RAN1#112 cannot be applied for DWS indication in case of re-transmission of Msg3 PUSCH given that the scheduling DCI is of format 0_0, which is a fallback DCI format.
Observation 7. If DWS is supported for multiple PUSCHs on multiple serving cells scenario, DWS to DFT-s-OFDM for PUSCH in one cell may not help improving coverage for a single PA UE in case consecutive PUSCHs overlap or have a time gap of less or equal to 20ms.
Observation 8: The assistance information before DWS is essential for gNB to select a suitable waveform in different coverage scenarios, which completes the DWS feature. Without the pre-assistance information (before DWS), gNB may blindly switch back and forth between the two waveforms, which may not provide clear benefit while it may unnecessarily increase signaling overhead.
Observation 9: In contrast to option 1, gNB needs in option 4 to do a blind decision for DWS or to provide back-to-back PUSCH grants with different WFs then to select one of them based on SINR estimated difference. The latter case could still lead to inappropriate DWS decision even if gNB guaranteed the same configurations for both WFs in the two grants and transmission at maximum power, since at least the UE power consistency and time invariant channel/pathloss could be not controlled/maintained by gNB and the SINR estimation accuracy would be low at this instance of poor coverage.
Observation 10: In contrast to option 1, option 4 in the agreement would not help sufficiently gNB to determine the appropriate PUSCH configuration after DWS event, and thus this could lead to additional latency before achieving successful PUSCH reception and/or optimal data rate.
Observation 11: In contrast to option 1, option 4 in the agreement would lead to higher overhead and latency that would be critical in different scenarios. This would limit the advantages of DWS since gNB could end up following a try-and-error approach in decision-making of DWS for different use cases where the coverage enhancements is really needed and latency is critical.

[bookmark: _Toc67700565]In addition, the following proposals were made:
Proposal 1. RAN1 to study solutions for supporting DWS for initial transmission of Msg3 PUSCH. The linkage between Msg1 repetitions and waveform for initial transmission of Msg3 can be discussed in 9.12.3 as a working assumption which can be confirmed when the work in AI 9.12.1 is further progressed.
Proposal 2. RAN1 to support DWS for re-transmission of Msg3 using DCI format 0_0 scrambled by TC-RNTI. A solution that does not impact the current DCI format 0_0 should be considered.
Proposal 3. RAN1 to further discuss the DWS for multiple PUSCHs in multiple serving cells considering further analysis on consecutive PUSCHs scenario.
Proposal 4. UE only uses resourceAllocation if CP-OFDM is indicated. Otherwise, UE applies type 1 resource allocation. Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
Proposal 5. UE only uses dmrs-Type if CP-OFDM is indicated. Otherwise, UE applies DMRS type 1.
Proposal 6. If UE switches from a BWP not configured with DWS to a BWP configured with DWS. The UE ignores the DWS indication in the DCI and applies the RRC-configured waveform of the target BWP for the scheduled PUSCH with BWP switching.
Proposal 7. To assist the scheduler in determining waveform switching, Option 1 in the agreement made in RAN1#113, which considers reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH should be endorsed in RAN1#114 meeting.
Proposal 8. RAN1 needs to highlight in the LS to RAN2 that power headroom or Pcmax for assumed PUSCH can be reported in the assistance information, and it is recommended to define PHR enhancements in all cases where multiplePHR or twoPHR are enabled or disabled to enable DWS feature.
Proposal 9. RAN1 to discuss RRC parameter names to be configured separately for DCI formats 0_1 and 0_2 for each BWP under PUSCH-Config. The parameter names should avoid mentioning about waveform but referring to transform precoder as per language of current specs, e.g., dynamicTransformPrecoderEnablerDCI-0-1 and dynamicTransformPrecoderEnablerDCI-0-2.
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