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In RAN1#112 meeting [1], the following were agreed to facilitate higher power transmissions:
	Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.




In RAN1 #112b-e meeting [2], the following were further agreed:
	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





In this contribution we discuss signaling to enable higher power transmission in CA and DC and we present link level simulation results for both Tone reservation and FDSS techniques.  
Discussion
Higher power transmissions 
In NR carrier aggregation, the UE performs power control per each serving cell and ensures that the total transmitted power is below the limit set for CA power class i.e., Pcmax_CA. If the total power exceeds the limit, the UE scales the allocated power according to defined priorities order. In Rel-15/16, Pcmax_CA has the same value regardless of the number of combinations of UL carriers, UE capability or the activated UL carriers. In Rel-17, the UE can indicate to the network a higher power limit capability for CA for a band combination semi-statically and the Pcmax_CA range limits can be increased accordingly. To increase the awareness at gNB of power availability at the UE and to facilitate higher power transmission in CA and DC, enhanced signalling between UE and gNB was agreed to be considered for study in RAN1#111 meeting. One potential enhancement to consider in Rel-18 is to dynamically adapt the Pcmax based on the power availability at the UE. To enable a dynamic way to change Pcmax, the UE can send an indication to the gNB regarding the power class changes and the gNB can adapt/optimize its scheduling according to the signalled CA power class.
Proposal 1: Support UE indicating the power class change to the gNB.
To assist the gNB in scheduling according to the power class and based on the power availability at the UE, to achieve a dynamic power class adaptation, enhanced power headroom reports can be used. The UE can determine that power class has changed due to some triggering events and indicates the power class change to the gNB. For example, an enhanced PHR with more information can be transmitted by the UE. The enhanced PHR can indicate to the gNB a suggested power class depending on the triggering events.
Proposal 2: Support UE indication of power class change in power headroom report.
One event that could trigger power class change is the SAR requirements changes for the used UL duty cycle. The UL duty cycle has a correlation with the SAR compliance and thus in some cases the UE will be falling back to a different power class in case the duty cycle changed (increased). Another event that can trigger UE power class change is the change of the RSRP measurements. For example, a UE that has strong SSB-RSRP may not need the higher power class whereas a UE at cell edge may need a higher power class. The UE can be using a default power class and change to higher power class. Another event could be a change of the set of active UL carriers. For example, when the UE receives MAC CE activating/deactivating CCs, the CA UE power class can be changed.
Proposal 3: Study events that can trigger UE to report power class change.

Tone reservation and FDSS link level evaluation
The BLER and PAPR performance of tone reservation and FDSS-SE techniques has been evaluated with link level simulations for different TBS, MCS and number of PRBs values agreed in the RAN1 #111 meeting. The simulation assumptions and the agreed simulation configurations are provided in the Appendix.
Table 1 shows the SINR loss and PAPR gain of tone reservation and FDSS-SE compared to the Rel-17 baseline for eleven different configurations. We can see from the results that tone reservation provides better BLER performance (lower SINR loss) when the baseline MCS is higher than 6, and FDSS-SE performance is better at lower coding rates, i.e., ≤ MCS 6.  In terms of PAPR, depending on the configuration, FDSS-SE provides similar or better PAPR reduction than tone reservation. However, the gain of FDSS-SE over tone reservation is not sufficient to compensate for the higher SINR loss FDSS-SE experiences for MCS>6. 
Based on the above observations, our view is that both techniques can be supported depending on the BW/MCS of the scheduled uplink grant and the gNB can enable FDSS-SE or tone reservation.
Proposal 4: Support both FDSS and tone reservation with spectrum extension. 

Table 1 BLER and PAPR of tone reservation and FDSS-SE (compared to Rel-17 baseline)
	
	Tone reservation
	FDSS-SE

	Config. #
	SINR loss
	PAPR gain
	SINR loss
	PAPR gain

	1
	0.93
	2.29
	1.92
	2.92

	2
	0.90
	2.32
	2.14
	2.92

	3
	1.22
	3.11
	0.68
	3.35

	4
	1.95
	3.10
	1.91
	3.30

	5
	1.12
	3.13
	0.67
	3.36

	6
	1.60
	3.14
	1.58
	3.33

	7
	1.90
	3.27
	0.71
	4.02

	8
	1.30
	3.11
	0.85
	3.36

	9
	0.94
	3.14
	0.31
	3.37

	10
	1.51
	2.04
	0.84
	3.09

	11
	1.55
	2.07
	0.90
	3.11




DM-RS for FDSS
DM-RS for FDSS has been discussed without an agreement so far. The two possible DM-RS sequences are Low PAPR Sequence Configuration Type-1 and Configuration Type-2. Although the PAPR of Type-2 DMRS sequence is lower than Type-1 sequence, no difference in PUSCH PAPR is observed when the whole slot (data and DM-RS) is considered since the PUSCH PAPR is dominated by the data PAPR. In addition, it has been shown that the PUSCH BLER is better with Type-1 DMRS than with Type-2 DMRS. So, it is more preferable to use Type-1 DMRS with FDSS. 
Proposal 5: Low PAPR Sequence Configuration Type-1 is used with FDSS. 
Like the data, the DM-RS should also be extended and the two possible options to consider for extension are:
Option 1: DM-RS sequence is generated for the inband RBs and is extended in the same way as data using symmetric cyclical extension.
Option 2: A longer DM-RS sequence is generated for both the inband and extension RBs.
The BLER performance of these two options has been evaluated with DM-RS Type-1 and some representative results using agreed simulation configurations are shown in Figure 1 and Figure 2. From these figures, we can see that the there is no difference in BLER performance between Option 1 and Option 2. Since this conclusion holds for other simulation configurations as well, those results are not displayed for the sake of conciseness. Based on these results, it can be concluded that Option 1 is preferable since in this option the same extension procedure is applied to both the data and the DM-RS.
Proposal 6: Support symmetric cyclic extension to extend the DMRS for FDSS.
[image: ]
Figure 1 BLER with DMRS extension options 1 and 2 (4 + 2 RBs)
[image: ]
Figure 2 BLER with DMRS extension options 1 and 2 (30 + 10 RBs)
Conclusion
In this contribution, we have discussed and proposed the following:
Proposal 1: Support UE indicating the power class change to the gNB. 
Proposal 2: Support UE indication of power class change in power headroom report.
Proposal 3: Study events that can trigger UE to report power class change. 
Proposal 4: Support both FDSS and tone reservation with spectrum extension. 
Proposal 5: Low PAPR Sequence Configuration Type-1 is used with FDSS. 
Proposal 6: Support symmetric cyclic extension to extend the DMRS for FDSS.
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Table 2 Simulation assumptions
	Channel Bandwidth
	100MHz 

	SCS
	30 kHz (4GHz)

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	PUSCH length 
	14 symbols (12 for data and 2 for DMRS)

	Frequency hopping 
	disabled

	FDSS filter
	[-0.28 1 -0.28]

	FDSS extension method
	Symmetric cyclical (RB based)



Table 3 Configuration parameters
	Config. #
	TBS value
	Number of PRBs before extension
	Number of PRBs after extension
	MCS (baseline)
	MCS (with extension)

	1
	2408
	14
	16
	7
	8

	2
	5376
	28
	32
	8
	9

	3
	272
	6
	8
	0
	1

	4
	1032
	6
	8
	6
	8

	5
	2152
	30
	40
	2
	3

	6
	4992
	30
	40
	6
	8

	7
	1736
	20
	32
	2
	4

	8
	432
	6
	8
	2
	3

	9
	808
	18
	24
	0
	1

	10
	272 (BPSK)
	6
	8
	0
	1

	11
	808 (BPSK)
	18
	24
	0
	1
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