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Introduction
[bookmark: _Ref494215420]In this contribution, UE features for coverage enhancements are discussed, including PRACH coverage enhancement and dynamic waveform switching.
Discussion
FGs for PRACH coverage enhancement 
During RAN1#114bis meeting[1], some agreements were achieved as following:
	Agreement
· Component of FG 54-1 is confirmed as: Support of multiple PRACH transmissions with the same Tx spatial filter. Support {2, 4, 8} for the number of multiple PRACH transmissions with the same Tx spatial filter.
· The column of “Consequence if the feature is not supported by the UE” in FG 54-1 is confirmed as: UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter
Agreement
· The column of “Need for the gNB to know if the feature is supported” for FG54-1 is confirmed as “Yes” 



FG 54-1 is updated as follows:
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.

FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter.
	
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



For FG 54-1, there are still some issues needed to be discussed:
For the FFS point list in the FG 54-1, i.e., whether to separate this FG for CBRA and CFRA, in most of the functionalities, there is no separate consideration for CBRA and CFRA, e.g., legacy RACH related framework like Msg.3 repetition in Rel-17 (FG 30-6). Therefore, there is also no need to separate this FG for CBRA and CFRA. The FFS list in the agreement should not be considered.
For the type of the FG, we support per band reporting, since all the FGs are adopted as per band reporting for NR coverage enhancement in Rel-17, Rel-18 coverage enhancement can follow legacy procedure. Moreover, some bands may not supported by UE in the FG 54-1, e.g., unlicensed bands.
[bookmark: _Toc142571664]Proposal 1. UE feature for PRACH coverage enhancements is defined as following.
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.
FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



FGs for dynamic switching between DFT-S-OFDM and CP-OFDM
In RAN1#114 meeting, the following agreements were reached for support dynamic waveform switching [2]. 

	Agreement
· Introduce following FGs
	54. NR_cov_enh2
	54-3
	Dynamic waveform switching
	Support of dynamic waveform switching for DCI format 0_1/0_2[/0_3].

FFS whether to separate this FG for DCI 0_1/0_2[/0_3]

FFS whether to separate this FG for multi-PUSCH scheduling

FFS whether/how to separate this FG for single-carrier case and multiple-carrier case
	FFS
	Yes
	
	Dynamic waveform switching is not supported 
	FFS
	N/A
	N/A
	N/A
	
	Optional with capability signaling.

	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH

FFS details
	
	
	
	
	
	
	
	
	
	






During RAN1#114bis meeting [1], some agreements were achieved as following:
	Agreement
· Add a note in FG 54-3: If UE supporting this FG supports FG 11-1, the UE supports FG 54-3 with DCI format 0_2
· Delete “FFS whether to separate this FG for DCI 0_1/0_2[/0_3]” from FG 54-3

Agreement
· No prerequisite FG is defined for FG 54-3

Agreement
· FG 54-3a is updated as follows
	54. NR_cov_enh2
	54-3a
	PHR enhancement for dynamic waveform switching 
	Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH

FFS details
	54-3
	Yes
	N/A
	
	
	
	
	
	
	Optional with capability signaling






For dynamic waveform switching for DCI format 0_3, as per announcement by Mr. Chair during Friday MCE maintenance session, all contributions and discussions related to whether/how Transform precoder indicator field is supported in DCI format 0_3 will be treated as part of MCE maintenance AI in RAN1#115 meeting. Thus, it can be put in bracket and discussed after further progress is made. 
Proposal 2. DCI format 0_3 can be discussed after further progress is made. 
FG 10-17 is basic feature group for multi-PUSCH UL grant.  For single PUSCH scheduling and multi-PUSCH scheduling scheduled by DCI format 0_1 can be in a basic FG 54-3 if UE support FG 10-17. Considering FG 10-17 is reported per band, so the type of the FG 54-3 should be based on the granularity of per band, which is sufficient.
Proposal 3.  FG 54-3 is not separated for multi-PUSCH scheduling.
· Add a component in FG 54-3: Support of dynamic waveform switching for multi-PUSCH scheduling
· Add a note in FG 54-3: If UE supporting this FG supports FG 10-17, the UE supports FG 54-3 with multi-PUSCH scheduling
· Delete “FFS whether to separate this FG for multi-PUSCH scheduling” from FG 54-3
· Reporting type of FG 54-3 is per band

In RAN1#114b-e meeting, whether/how to separate FG 54-3 for single-carrier case and multiple-carrier case was discussed. From our perspective, DWS feature can be applied to single carrier case and multi-carrier case. Thus, multi-carrier case can be component in basic FG 54-3. The main problem is to apply different waveform across different CCs which share the same PA is difficult. Such PA sharing mainly occurs for intra-band contiguous CA. For intra-band non-contiguous CA and inter-band CA, different PA per CC will always assumed. Thus, different carrier can be used in latter case. But some companies argured PA also may be shared by different CC in inter-band UL CA case. Thus, only without sharing a PA for more than one CC for CA case can be included in basic FG 54-3. For the case of different waveform across different CCs which share the same PA in multi-carrier case, it can be considered as a separate FG. 

Proposal 4.  Add a component in FG 54-3: Support of dynamic waveform switching for single-carrier and multi-carrier case.
· “FFS whether/how to separate this FG for single-carrier case and multiple-carrier case” in FG 54-3 is deleted
· Add a note in FG 54-3: Multi-carrier cases where multiple CCS share one PA are excluded

Proposal 5. Different waveform type on multi-carrier supported by the same PA can be a separate FG.

Conclusion
In this contribution, we discuss on the UE features for PRACH enhancement and dynamic waveform switching. The following proposals are achieved:
Proposal 1. UE feature for PRACH coverage enhancements is defined as following.
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.
FFS whether to separate this FG for CBRA and CFRA
	
	Yes
	
	UE doesn’t support multiple PRACH transmissions with the same Tx spatial filter.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signalling.



Proposal 2. DCI format 0_3 can be discussed after further progress is made. 

Proposal 3.  FG 54-3 is not separated for multi-PUSCH scheduling.
· Add a component in FG 54-3: Support of dynamic waveform switching for multi-PUSCH scheduling
· Add a note in FG 54-3: If UE supporting this FG supports FG 10-17, the UE supports FG 54-3 with multi-PUSCH scheduling
· Delete “FFS whether to separate this FG for multi-PUSCH scheduling” from FG 54-3
· Reporting type of FG 54-3 is per band

Proposal 4.  Add a component in FG 54-3: Support of dynamic waveform switching for single-carrier and multi-carrier case.
· “FFS whether/how to separate this FG for single-carrier case and multiple-carrier case” in FG 54-3 is deleted
· Add a note in FG 54-3: Multi-carrier cases where multiple CCS share one PA are excluded

[bookmark: _GoBack]Proposal 5. Different waveform type on multi-carrier supported by the same PA can be a separate FG.
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