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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94-e [1], the WID on further NR coverage enhancements was approved. 
	Objective 
The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
	Specify following PRACH coverage enhancements (RAN1, RAN2)
o	Multiple PRACH transmissions with same beams for 4-step RACH procedure
o	Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
o	Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
o	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
o	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)
o	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)


In this contribution, how to support the dynamic switching between DFT-S-OFDM and CP-OFDM is discussed.

2. Discussion on dynamic waveform switching
The current protocol enables waveform switching by RRC reconfiguration, where a higher layer parameter, msg3-transformPrecoder or transformPrecoder, indicates the usage of transmission precoding. Specifically, for a normal dynamic grant (DG) PUSCH or a retransmission of a configured grant (CG) PUSCH, the waveform depends on the downlink control information (DCI) format. If it’s a fallback DCI, the waveform is the same as Msg3, otherwise, it will be determined by dedicate signaling if configured. 
2.1 Indication signaling
There are two indication methods for dynamic waveform switching: MAC CE based, and DCI based. 
[bookmark: _Hlk114734023]For MAC CE based method, it is not flexible enough to indicate waveform switching on each scheduled slot, especially when UE is moving quickly from the edge to center or from the center to edge in cell, or UE gets into/out a building or car. Moreover, the effective time of MAC CE signaling is uncertain and may vary with UEs as PDSCH processing time and MAC-CE parsing time depend on UE implementation. It brings high complexity to use MAC CE signaling for dynamic waveform switching.
Observation 1: The MAC CE method is not suitable to indicate waveform switching due to longer and uncertain effective time.
[bookmark: _Hlk114506090]For DCI based method, there are two types of signaling to indicate waveform switching. For explicit signaling, 1 bit is introduced in DCI to explicitly indicate waveform switching. For implicit signaling, the existing signaling in DCI is used to indicate waveform switching implicitly without extra signaling overhead. 
Explicit signaling has bigger impact because introducing 1 bit in DCI enlarges the DCI size that affects existing operations related to DCI size, such as, DCI size alignment. Implicit signaling seems superior as it enables waveform switching with constant DCI size at cost of minor loss of flexibility. For example, similar to the current dynamic indication of number of repetitions for PUSCH repetition, the existing resource allocation signaling can enable waveform switching by associating the rows of time domain resource assignment (TDRA) table with different waveforms. In this case, one column is added to the TDRA table, which indicates the association relation between the rows of TDRA table and waveforms. Thus, the TDRA field of DCI can be used to indicate waveform during each scheduling. It only results in a quite minor loss of flexibility for CP-OFDM. As discussed in Rel-17 TEI, e.g. in the proponent paper R1-2109024, CP-OFDM waveform is configured in practical network while DFT-s-OFDM is rarely used, which implies that CP-OFDM can provide sufficient UL coverage now for majority of UEs and DFT-s-OFDM is useful for some UEs with extreme low SINR. Considering that DFT-s-OFDM is typically used in very few situations, only a few rows need to be associated with DFT-s-OFDM and most rows can be associated with CP-OFDM. Thus, there is a quite minor loss of flexibility for CP-OFDM. Moreover, another example of implicit signaling is associating different waveforms with different types of frequency domain resource assignment (FDRA). In this case, considering that the DFT-S-OFDM is only used in continuous FDRA (resource allocation type 1) and CP-OFDM can be used in any type of FDRA (resource allocation type 0,1), the FDRA resource allocation type 0 and the FDRA resource allocation type 1 can be used to indicate waveform CP-OFDM and DFT-S-OFDM, respectively. Although, it restricts resource allocation type 0 to CP-OFDM only, but continuous RBs can still be scheduled for CP-OFDM with proper PRG allocation. 
Based on above discussion, implicit signaling should be supported as it has less specification impact than explicit signaling.
Observation 2: Implicit signaling is superior due to minimized specification impact and sufficient scheduling flexibility.
Observation 3: Resource allocation signaling enables waveform switching by associating different waveforms with different rows of TDRA table or different types of FDRA.
[bookmark: _Hlk113448937]Proposal 1: The resource allocation signaling in DCI should be used to indicate waveform switching.
2.2 Boosting power report 
The difference of maximum transmission power between two waveforms is typically varying among different UEs. It closely depends on UE implementation. For example, the maximum transmission powers of two waveforms are close to each other when UEs adopt the advanced techniques to reduce the PAPR of CP-OFDM, such as advanced clipping [2][3]. When BS indicate UEs to switching waveform, BS also should allocate proper number of PRBs to make the best use of boosting power, i.e., the difference of maximum transmission power from CP-OFDM switching to DFT-s-OFDM, to improve coverage performance. Thus, BS has to estimate power boosting if it has no information about power boosting. The estimation accurate is closely associated with the performance improvement of waveform switching. When BS estimates a larger power boosting than that of UE, it could result in the failure of data transmission as UE has no enough power to transmit data. When BS estimates a smaller power boosting than that of UE, it could result in performance degradation of uplink data transmission as UE has more power to transmit more data. Above cases happen with high probability as UEs’ boosting powers are usually different. It affects the performance improvement of waveform switching. 
Observation 4: Without the power boosting information between waveforms, the performance improvement of waveform switching degrades due to the inaccurate estimation of boosting power. 
To deal with this problem, BS must know the boosting power information and should allocate RBs correspondingly, which can achieve coverage performance improvement quickly. It requires that UEs should report its boosting power information when BS transmits signaling to indicate it to switch waveform. 
Observation 5: It is beneficial for gNB to decide PRB allocation that UEs report power boosting information for waveform switching.
Proposal 2: To facilitate BS to allocate RBs more precisely, UE should report its boosting power information to BS in time.
Moreover, since the available boosting power is closely associated with the transmission configuration, such as MCS and RB allocation, BS could not use the fixed value that is reported once by UE in each schedule slot. It implies that using power headroom reporting (PHR) is a good method to tell BS the boosting power information of UEs. 
While, considering that PHR period varies from 10ms to 1000ms, relying on PHR to report power boosting information is uncertain. It could result in a large performance degradation when PHR period is large, such like 1000ms. In this case, BS cannot make best use of boosting power to improve coverage performance, until about 500ms after waveform switching on average. It could make waveform switching meaningless. Reducing PHR period mitigates the impact of this problem, but increases all UEs’ PHR frequency which results in increased report cost. 
To deal with this problem, introducing new PHR trigger methods is the best way, including introducing 1bit signaling to indicate PHR before waveform switching and reusing waveform switching signaling to trigger PHR. The first method is illustrated in Figure 1 (a), when BS wants to transmit signaling to indicate UE’s waveform switching, it transmits signaling to indicate UE to report its power headroom that considers the boosting power of waveform switching. It helps BS adjust resource allocation to achieve better coverage performance in the first scheduled slot. The second method is illustrated in Figure 1 (b), i.e. PHR is triggered by waveform switching. 
[image: ]
Figure 1: Illustration of different PHR trigger methods.

Observation 6: Triggering PHR before waveform switching can help BS make waveform switching decision, adjust resource allocation and transmission power to achieve waveform switching gain quickly. 
Proposal 3: PHR should be triggered to report boosting power to BS by introducing new signaling or reusing waveform switching signaling. 
 

3. Conclusion
With the discussion above, we have the following observations and proposals.
Observation 1: The MAC CE method is not suitable to indicate waveform switching due to longer and uncertain effective time.
Observation 2: Implicit signaling is superior due to minimized specification impact and sufficient scheduling flexibility.
Observation 3: Resource allocation signaling enables waveform switching by associating different waveforms with different rows of TDRA table or different types of FDRA.
Observation 4: Without the power boosting information between waveforms, the performance improvement of waveform switching degrades due to the inaccurate estimation of boosting power. 
Observation 5: It is beneficial for gNB to decide PRB allocation that UEs report power boosting information for waveform switching.
Observation 6: Triggering PHR before waveform switching can help BS make waveform switching decision, adjust resource allocation and transmission power to achieve waveform switching gain quickly. 
Proposal 1: The resource allocation signaling in DCI should be used to indicate waveform switching.
Proposal 2: To facilitate BS to allocate RBs more precisely, UE should report its boosting power information to BS in time.
Proposal 3: PHR should be triggered to report boosting power to BS by introducing new signaling or reusing waveform switching signaling. 
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