[bookmark: _Ref133120545]3GPP TSG RAN WG1 #113						R1-2305850
Incheon, Korea, May 22nd – 26th, 2023

Source:	Sharp
Title:	Power domain enhancements for Rel-18 CovEnh 
Agenda Item:	9.12.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#112bis-e, the following agreements and observations were made in terms of power domain enhancements for Rel-18 Coverage Enhancement.
	[bookmark: _Hlk83924038]Agreement
· If FDSS-SE is supported in Rel-18, DMRS are mapped on PRBs of both inband and extension and gNB can assume that they are filtered using the same Tx shaping filter as data.
· FFS: whether and which optimizations to Rel-15 and/or Rel-16 DMRS, including sequence extension and/or mapping, to be used with FDSS-SE, are needed.
· Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).

Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.


In this contribution, we share the view on power domain enhancements for Rel-18 coverage enhancement.
Discussions
Enhancements to realize increasing UE power high limit for CA and DC
In RAN1#112bis-e meeting, although no consensus to provide formal information to RAN4 was reached, we had very detailed technical discussions on the listed options. The listed options include both reactive enhancements and proactive enhancements.
For the reactive enhancements, the following three options have been raised and were discussed. “∆PPowerClass” and “Power class” would enable the gNB to know whether the transmit power change reported by “Pcmax” in PHR is caused by power class change or not. This somehow helps the gNB to determine UL scheduling and its transmission power control after the power class change. P-MPR does not directly inform the gNB of whether the power class has been changed or not. However, it can reflect other causes that have affected the current Pcmax (e.g., SAR status).
· ∆PPowerClass 
· Power class
· P-MPR 
As for the proactive enhancements, options with a lot of variants including the following were raised in the last meeting. The majority of the companies expressed their views that RAN1 should have more study and discussion on the options. 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
The 1st option would have an impact at the UE side, since currently the evaluation period is fully left to UE implementation. With some implementation, it may be hard even to define start timing of the evaluation period. Moreover, it does not provide any information about how much remaining energy the UE can transmit. The 2nd and 4th options are similar to the 3rd option, but the 3rd option looks much more complete. The reason is that the 3rd option would provide information to the gNB both before and after power class fallback, while the 2nd and 4th options provide information only either before or after power class fallback. 
The 1st and 4th options above were also raised and discussed in RAN4 [2]. Additional options listed in the observation from RAN1#112bis-e could be a reference for further discussions in RAN4.

Enhancements to reduce MPR/PAR
In the study of “Study on optimizations of pi/2 BPSK uplink power in NR”, the feasibility of power boosting for pi/2 BPSK modulation was studied, the study also covered filter characteristics for the new power capability. The conclusion of the study was described in TS38.868, in which it was captured that the choice of filter is up to UE implementation and transparent to the network as it was in Rel-16. The same principle can also apply to the second candidate solution, i.e., Frequency domain spectrum shaping w/o spectrum extension. On the other hand, for Rel-18 CovEnh, FDSS with spectrum extension (SE) has been considered as candidate solution for reduction of MPR/PAR. 
In the past several meetings, a variety of the sets of configurations (including the number of PRBs before extension and the number of PRBs after extension) were listed as agreements and working assumptions for link-level evaluations on whether/how much SE improves net coverage performance.
If it is identified the signal in the extended spectrum that does not contribute to carry information bits would lead to overall performance, RAN1 should specify such a new UL signal structure in the specification. In addition, it also requires some changes in terms of the related UE behaviors. 
Here, we focus on the process of transform precoding. The existing uplink resource allocation schemes have several restrictions, e.g., RBG size (the unit of uplink resource allocation) and total number of allocated RBs (fulfilling [image: ] limitation). This restriction leads to the fact that, for the legacy DFT-S-OFDM symbol generation, the number of samples is always expressed as a product of a multiple of 2, a multiple of 3, and a multiple of 5. This allows the UE to perform FFT with the mixed radices of 2, 3 and 5 so that the number of multiplications in transform precoding process is reduced.
[bookmark: _Hlk131706089]Observation 1: For the legacy DFT-S-OFDM symbol generation, FFT with the mixed radices of 2, 3 and 5 can be used for the transform precoding process.

[image: ]
Figure X: Generating of DFT-S-OFDM symbol with FDSS+SE

[bookmark: _Hlk131706869]For the generation of DFT-S-OFDM symbol with FDSS and SE, the spectrum extension process is applied after transform precoding process. In order to make the transform precoding process remain unchanged, the [image: ] limitation should apply the number of samples before the spectrum extension process. Given that the above limitation is for the Resource block allocation signaled by FDRA, the SE should be defined outside of the frequency resource allocated by FDRA.
In addition, with this, the PUSCH encoding/decoding procedures including TBS determination based on the FDRA value remain unchanged from the legacy behaviors. Meanwhile, if SE is defined inside the frequency resource allocated by FDRA, that causes different PUSCH encoding/decoding procedures depending on whether the spectrum extension is applied or not. 
Observation 2: With the spectrum extension defined outside of the frequency resources allocated by FDRA, PUSCH encoding/decoding procedures including TBS determination based on the FDRA value remain unchanged from the legacy behaviors.
As for the RF process perspective, the SE defined outside of the frequency resource allocated by FDRA would lead to different spectrum masking for w/ and w/o the spectrum extension, since the total bandwidth for the uplink transmission depends on the presence of the spectrum extension in addition to the FDRA information. In contrast, the total bandwidth is determined only by FDRA if the SE locates inside. It is seen that the former would have some impact on the spectrum masking, but FDSS would anyway requires some enhanced filtering. 
Based on the above analysis, we make the following proposal.
Proposal 1: The spectrum extension is defined outside of the frequency resources allocated by FDRA. 

Conclusion
In this contribution, we have the following observation and proposal:
Observation 1: For the legacy DFT-S-OFDM symbol generation, FFT with the mixed radices of 2, 3 and 5 can be used for the transform precoding process.
Observation 2: With the spectrum extension defined outside of the frequency resources allocated by FDRA, PUSCH encoding/decoding procedures including TBS determination based on the FDRA value remain unchanged from the legacy behaviors.
Proposal 1: The spectrum extension is defined outside of the frequency resources allocated by FDRA. 
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