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For MPR/PAR reduction, RAN1 has provided LLS results of techniques for MPR/PAR reduction schemes in RAN1#112 [1], and sent LS to RAN4. The main remaining evaluation effort in RAN1 is about DMRS design and potential specification impacts for FDSS-SE if supported [2]. For increasing UE power high limit for CA and DC, the progress in RAN1 is slow due to potential RAN4 dependency. In this contribution, we provide our view on the remaining issues for power domain enhancements. 
Increasing UE power higher limit for CA/DC
According to RAN4 LS [3], RAN4 has discussed several possible solutions (Issue 5 in Topic#2 in [4]) for information exchange needed between the UE and gNB to improve scheduling and network performance, which are also listed below. 
	[bookmark: _Hlk119546542]Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
<Recommended WF>
1. RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
1. Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
1. Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
1. For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
1. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
2. For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
2. For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
1. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
1. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
1. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.


In RAN1#112bis-e, RAN1 has extensively discussed the pros and cons about the potential PHR enhancements based on above RAN4 input. However, only the following observation was reached. 
	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.



Under existing PHR reporting mechanism, gNB is not able to know the current UE power class, which will directly impact the values of MPR, A-MPR and MSD etc. For MPR/A-MPR, it impacts Tx power and therefore unknow of UE power class will make gNB cannot know accurate UE transmit power so as to make more accurate UL power control and adaptive modulation and coding (AMC) for UL transmission. Regarding MSD, it is caused by harmonic interference and not fully considered in the calculation of maximum transmission power in current spec, and it impacts the receiver sensitivity at UE side and therefore impacts gNB’s DL scheduling. 
Observation 1: Without knowing UE power class, gNB is unable to know the exact UE transmit power due to unknown of MPR/A-MPR values and therefore impacts UL power control and AMC for UL transmission
Observation 2: Without knowing UE power class, it also impacts gNB’s DL scheduling due to unknown of MSD values in CA scenario.  
In addition, one important issue we are facing now is the ambiguity of the evaluation period for UE power class fallback in TS 38.101. Different UE vendors may have different understandings and implementations about when and how long the evaluation period is, which makes UE transmit power unclear to gNB. Basically, power class fallback mechanism based on duty cycle is broken. 
	If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;


Observation 3: gNB is unable to know the exact UE transmit power due to the ambiguity of when and how long the evaluation period for UE power class fallback is implemented. 
With above, we believe it is important for gNB to know when the power class will fall back at gNB side and how long it will sustain. Or even with a duration comprising both the evaluation period and the duration of the power class fallback will be benefit for gNB to know when to recover the declared power class, if the evaluation period can be variable value for the same or different UE vendors. In RAN1#112-bis, PHR reporting enhancements are categorized into reactive enhancement and proactive enhancements. The main difference is proactive enhancements include the possibility of additionally reporting a duration to address the ambiguity issue of evaluation period for power class and provide more information for subsequent scheduling, which in our view is critical. Therefore, we have a following proposal. 
Proposal 1: RAN1 considers both reactive and proactive enhancements to the PHR report framework to be potentially useful for realizing high power uplink transmissions in CA and DC.
· For reactive enhancements, support report of power class or power class fallback ΔPPowerClass in PHR. 
· For proactive enhancements, support one of the following alternatives. 
· Alt 1. PHR reporting enhancement with a certain duration for the applicability of one among {the fallback power class ∆PPowerClass, PCMAX,f,c} or a certain duration comprising both evaluation period and the duration applied of power-class fallback ΔPPowerClass. 
· Alt 2. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing. 
1 MPR/PAR reduction schemes
1.1 Design aspects of FDSS w/ SE DMRS 
In RAN1#112bis e-meeting, regarding the design aspects of FDSS w/ SE DMRS, the following alternatives were proposed for further down-selection in case of DMRS sequence length before extension is larger than or equal to 30. Similar proposal was discussed for sequence length less than 30. 
	If FDSS-SE is supported in Rel-18, which of the following three alternatives should be preferred for the DMRS when FDSS-SE is configured with QPSK and the DMRS sequence length before extension of the sequence, if any, is larger than or equal to 30?
Alt-1: 
· Rel-15 Type 1 low-PAPR DMRS generated for inband and cyclic extension (per-RE) to excess band
· Rel-16 Type 2 low-PAPR DMRS generated for inband with symmetric extension (per-PRB, like data) to excess band
Alt-2: 
· Rel-15 Type 1 low-PAPR DMRS generated for inband and cyclic extension (per-RE) to excess band
· Rel-16 Type 2 low-PAPR DMRS generated for inband with symmetric extension (per-PRB, like data) to excess band
· Rel-15 Type 1 low-PAPR DMRS generated for total allocation
· Rel-16 Type 2 low-PAPR DMRS generated for total allocation
Alt-3
· Rel-15 Type 1 low-PAPR DMRS generated for total allocation
· Rel-16 Type 2 low-PAPR DMRS generated for total allocation
If DMRS enhancement is later found necessary, that could be added if time allows in Rel-18 or later 
Alt-4
· Rel-15 Type 1 low-PAPR DMRS generated for inband with symmetric extension (per-PRB, like data) to excess band
· Rel-16 Type 2 low-PAPR DMRS generated for inband with symmetric extension (per-PRB, like data) to excess band



The schemes proposed in the alternatives have been discussed extensively during the last meeting. And evaluation results in terms of CM and PAPR were already provided in our previous contribution in last meeting [5], and summarized in Table-1.
 Table-1. Evaluation summary for PAPR/CM results for both data and DMRS
	
	PAPR CCDF @1%
	CM CCDF @1%
	Mean CM
	Max CM

	
	6RBs
	8RBs
	36RBs
	40RBs
	6RBs
	8RBs
	36RBs
	40RBs
	6RBs
	8RBs
	36RBs
	40RBs
	6RBs
	8RBs
	36RBs
	40RBs

	Type 1
	Approach A
	Per RE
	2.13[1]
	2.04 
	3.04 
	2.56 
	-
	-
	-
	-
	0.07 
	-0.01 
	0.80 
	0.26 
	0.38 
	0.15 
	0.99 
	0.33 

	
	
	Per-RB
	3.75[2]
	3.77 
	3.79 
	4.25 
	-
	-
	-
	-
	1.23 
	0.89 
	1.19 
	1.28 
	1.66 
	1.35 
	1.39 
	1.71 

	
	Approach B
	3.05 
	3.28 
	3.39 
	3.40 
	-
	-
	-
	-
	0.72 
	1.07 
	1.17 
	0.14 
	1.03 
	1.54 
	1.55 
	1.66 

	Type 2
	Approach A (per-RB)
	1.73 
	1.55 
	1.26 
	1.56 
	-
	-0.66 
	-0.81 
	-0.71 
	-0.51 
	-0.74 
	-0.84 
	-0.74 
	-0.44 
	-0.62 
	-0.79 
	-0.68 

	
	Approach B
	1.28 
	1.29 
	1.29 
	1.28 
	-0.66 
	-0.69 
	-0.75 
	-0.75 
	-0.79 
	-0.80 
	-0.80 
	-0.80 
	-4.88 
	-0.61 
	-0.72 
	-0.71 

	PUSCH data with QPSK modulation
	2.87
	3.61
	4.08
	3.56
	0.34
	0.65
	1.10
	0.44
	0.007
	0.26
	0.83
	0.27
	0.56
	0.94
	1.25
	0.56

	Note:
[1] DFT is applied for the length-24 sequence.
[2] DFT is not applied for the CG-CAZAC length-24 sequence.



As can be seen in Table-1, both PAPR and CM performance for Type 2 DMRS sequence are better than Type 1 DMRS sequences. We can also find that Type 2 DMRS sequence with either Approach A or Approach B, as well as Type 1 DMRS sequence with Approach A + cyclic extension can achieve better CM/PAPR performance than PUSCH data (QPSK). That means, the bottleneck of CM/PAPR performance is data transmission if above-mentioned candidates are adopted. For Type 1 DMRS sequence with Approach A + per-RB extension, the CM/PAPR for this option are worse than that of PUSCH QPSK data, but the gaps are not too large. For the worst case among the cases we simulated, about 1dB gap in maximum CM and 1dB in PAPR CCDF@0.01 are observed. And for all other cases, the gaps are within 1dB. And for Type 1 with Approach B, the gaps between this option and QPSK data are all within 1dB except the case of 40RB & SE=1/4. As already proposed by some companies during last meeting, maybe we should continue evaluations that find the actual MPR (i.e. based on OBO and link performance) for where data + DMRS. Therefore, from this point of views, all the schemes may not have significant performance gaps. But from the specification impact and complexity point of view, Approach A + per RB extension ensures the same extension operation between DMRS and data which can reduce UE complexity for FDSS operations. And Approach B may have no specification impact at all. Therefore, we prefer that the DMRS for FDSS w/SE should focus on Approach A + per-RB extension or Approach B. Thus, Alt 3 and Alt 4 proposed in last meeting can be acceptable from our side.
Observation 4: PUSCH data with QPSK is either the actual CM/PAPR bottleneck or of marginal CM/PAPR gain over the proposed schemes for DMRS.  
Observation 5: Alt 3 has minimized specification impact and Alt 4 can ensure the same extension operation between data and DMRS to reduce the complexity and specification impacts.  
With above, we have the following proposal. 
Proposal 2: If non-transparent FDSS with spectrum extension is supported, adopt Alt 3 or Alt 4 for DMRS design. 

1.2 Design aspects of FDSS w/ SE - FDRA 
Regarding the FDRA for FDSS w/SE, two options were proposed during last RAN1 meeting, namely:
· Opt-1: The FDRA field indicates the inband.
· Opt-2: The FDRA filed indicates the total allocation, i.e., inband + extension.

The FDRA may have impact on DFT size for transform precoder, TBS determination and power control. In the following sections, we provide our views on these issues.
1.2.1 DFT size
If Opt-1 is adopted, i.e., the FDRA field indicates the inband, its size would coincide with DFT size for the Transform Precoder. In this context, it is the same as legacy to accommodate current DFT size limitations defined for DFT-s-OFDM i.e.,, DFT size should be expressed as multiple of , where [a, b, c] are integers ≥ 0. This would mean that any inband size in FDSS-SE should correspond to a valid DFT size as per existing values, and FDSS-SE does not require the introduction of new DFT sizes as compared to legacy. However, if Opt-2 is adopted, it should make sure that the inband size derives from FDRA filed and extension factor can be expressed as multiple of . This may require explicit additional specification restriction to ensure this. 
Observation 6: Opt-2 (indication of the total allocation, i.e., inband + extensio) has impacts on determination of DFT size. 
1.2.2 TBS 
In the TBS determination, the formula is related to a parameter . And is specified in TS 38.214 as following:
	where nPRB is the total number of allocated PRBs for the UE. 


If FDSS w/SE is supported in Rel-18, the definition of  should be further clarified. In our view,  should be the number of inband allocated PRBs without extension. If Option 1 is adopted, its value is the same as what indicated in the FDRA field. Otherwise, in case Option 2 is adopted,  should be derived from the total allocated RBs and extension factor. It could be argued that the existing specification would become unclear about what is the ‘allocated PRBs’ and may need clarification regardless which options is adopted in the future. 
Observation 7: For TBS determination, it might need further specification clarification for both of the options to define what the ‘allocated PRBs’ means.
1.2.3  Power control
In the current specification, there is a parameter  relating to frequency domain resource allocation in the power control calculation of PUSCH. It is specified in TS 38.213 as follow.
	If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
[image: ] [dBm]
where,
 ……
-	 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  and  is a SCS configuration defined in [4, TS 38.211]
……


If FDSS w/SE is supported in Rel-18, the term “PUSCH resource assignment” should be clarified. There is no ambiguity in current NR specification. But if FDSS w/SE is introduced, it would be ambiguous. In our view, the transmission power  is applied to all PRBs in the PUSCH transmission, including the inband and extension. Subject to further discussion, it may need to clarify the total number of PRBs of in-band PRB and extension PRB is applied as the bandwidth of PUSCH resource assignment  in the uplink power control calculation. If Opt-1 is adopted, such clarification may be needed while may no need to clarify for Opt-2. 
Observation 8: For power control, Opt-1 (indication of inband allocation) may require specification clarification on the determination of the bandwidth of PUSCH resource assignment. 
Conclusion
Based on above analysis, we have the following observations and proposals. 
Increasing UE power higher limit for CA/DC
Observation 1: Without knowing UE power class, gNB is unable to know the exact UE transmit power due to unknown of MPR/A-MPR values and therefore impacts UL power control and AMC for UL transmission
Observation 2: Without knowing UE power class, it also impacts gNB’s DL scheduling due to unknown of MSD values in CA scenario.  
Observation 3: gNB is unable to know the exact UE transmit power due to the ambiguity of when and how long the evaluation period for UE power class fallback is implemented. 
Proposal 1: RAN1 considers both reactive and proactive enhancements to the PHR report framework to be potentially useful for realizing high power uplink transmissions in CA and DC.
· For reactive enhancements, support report of power class or power class fallback ΔPPowerClass in PHR. 
· For proactive enhancements, support one of the following alternatives. 
· Alt 1. PHR reporting enhancement with a certain duration for the applicability of one among {the fallback power class ∆PPowerClass, PCMAX,f,c} or a certain duration comprising both evaluation period and the duration applied of power-class fallback ΔPPowerClass. 
· Alt 2. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing. 

MPR/PAR reduction schemes
Observation 4: PUSCH data with QPSK is either the actual CM/PAPR bottleneck or of marginal CM/PAPR gain over the proposed schemes for DMRS.  
Observation 5: Alt 3 has minimized specification impact and Alt 4 can ensure the same extension operation between data and DMRS to reduce the complexity and specification impacts.  
Proposal 2: If non-transparent FDSS with spectrum extension is supported, adopt Alt 3 or Alt 4 for DMRS design. 
Observation 6: Opt-2 (indication of the total allocation, i.e., inband + extensio) has impacts on determination of DFT size. 
Observation 7: For TBS determination, it might need further specification clarification for both of the options to define what the ‘allocated PRBs’ means.
Observation 8: For power control, Opt-1 (indication of inband allocation) may require specification clarification on the determination of the bandwidth of PUSCH resource assignment. 
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