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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN#96-e, revised WID on Further NR coverage enhancements was endorsed [1]. One of the objective of this work item is to specify study power domain enhancements as the following:
	· [bookmark: _Hlk83924038]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)


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 RAN4 work “Increasing UE power high limit for CA and DC” [2], improvement on power high limit wad adopted. More specifically, maximum output power for dual PA equipped UE’s for CA and DC is updated such as to be derived by the sum in power limits of serving cells in CA/DC within a frequency range [3] [4]. 
In RAN1#110bis-e meeting, it was actively discussed whether to postpone the RAN1 study related to this issue until RAN4 clarifies what the issue is, and the following agreement was made in this regard.
	Agreement
For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.
· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.



For the Rel-17 function of increasing UE power high limit for CA and DC, new UE capability reports have been introduced as shown in Table 1 below. These reports indicate the maximum average percentage of UL symbols during a certain evaluation period so as to ensure compliance with regulatory SAR requirements.
Table 1: Rel-17 increased UE power high limit related UE capabilities defined in TS38.306
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxUplinkDutyCycle-interBandCA-PC2-r17
Indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The average percentage of uplink symbols is specified in 6.2A.1.3 in TS 38101-1[2] and the capability applies to the CA combinations listed in table 6.2A.1.3-1 in TS 38101-1[2]. If the field is absent, UE shall work on power class 2 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38101-1[2] if necessary.
Value n50 corresponds to 50%, value n60 corresponds to 60% and so on.

NOTE:	Specific targeted UL duty cycle percentage is not assumed if the field is absent.
	BC
	No
	N/A
	FR1 only

	maxUplinkDutyCycle-SULcombination-PC2-r17
Indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The average percentage of uplink symbols is specified in 6.2C.1 in TS 38101-1[2] and the capability applies to all the SUL configurations with 1 SUL band + 1 TDD band.
If the field is absent, UE shall work on power class 2 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38101-1[2] if necessary.
Value n50 corresponds to 50%, value n60 corresponds to 60% and so on.

NOTE:	Specific targeted UL duty cycle percentage is not assumed if the field is absent.
	BC
	No
	N/A
	FR1 only



When the UE reports this capability information and if the network is aware of that there is no power headroom to 23dBm limit, the network is likely to consider to apply a restriction on UL scheduling for this UE such that the ratio of UL symbols becomes lower than the reported duty cycle. This scheduling enables to use increased UL power limit for CA at the UE side, as shown in Figure 1. This UL scheduling restriction should be exactly the intended network behavior. That is the reason why such new capability reports were introduced. When RAN1 considers enhancements to realize increasing UE power high limit for CA and DC, the performance according to this kind of scheduling restriction should be referred as a benchmark.
[image: ]
Figure 1: An example of UL scheduling to comply regulatory SAR requirement

Observation 1: When the UE reports this capability information and if the network is aware of that there is no power headroom to 23dBm limit, the network is likely to consider to apply a restriction on UL scheduling for this UE such that the ratio of UL symbols becomes lower than the reported duty cycle. 

Enhancements to reduce MPR/PAR
In RAN1#110bis-e meeting, the following agreements were made in terms of the candidate options for the enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation.
	Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.
Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)
Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined



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 [5], 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, the first and the third candidate solutions would lead to spectrum extension, where the signal in the extended spectrum would not contribute to carry information bits. This is a quite new concept and requires RAN1 specification change.
For the relationship between the frequency resources allocated by FDRA and the spectrum extension, there are two alternatives.
· Alt 1: The spectrum extension is defined outside of the frequency resources allocated by FDRA.
· Alt 2: The spectrum extension is defined within the frequency resources allocated by FDRA.
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). With Alt 1, PUSCH encoding/decoding procedures including TBS determination based on the FDRA value remain unchanged from the legacy behaviors, while Alt 2 causes different PUSCH encoding/decoding procedures depending on whether the spectrum extension is applied or not. As for the RF process perspective, Alt 1 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 with Alt 2 is determined only by FDRA. It is seen that Alt 1 would have some impact on the spectrum masking, but FDSS would anyway requires some enhanced filtering. Therefore, we propose taking Alt 1, i.e., the spectrum extension is defined outside of the frequency resources allocated by FDRA.
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: When the UE reports this capability information and if the network is aware of that there is no power headroom to 23dBm limit, the network is likely to consider to apply a restriction on UL scheduling for this UE such that the ratio of UL symbols becomes lower than the reported duty cycle. 
Proposal 1: The spectrum extension is defined outside of the frequency resources allocated by FDRA. 
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