Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref178064866]3GPP TSG RAN WG1 #113			R1-2304885
Incheon, Korea, May 22nd – May 26th, 2023

Agenda Item:	9.12.2
Source:	Xiaomi
Title:	Discussion on power domain enhancements
Document for:	Discussion and Decision
1 Introduction
The Rel-18 WID for Further NR coverage enhancements is approved [1], which includes the following objective:
The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  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)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


Coverage enhancement is one of the key factors for communication networks. At present in real deployments, uplink transmission and coverage have always been the bottleneck of the system performance. In this contribution, we mainly provide our views on the enhancements to realize the high power limit for the UL transmission in CA and DC.
2	Enhancements on realizing high power CA/DC
In RAN1#110bis meeting, the following agreement was made on power domain enhancements for CA/DC [2] and an LS has been sent to RAN4.
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.


In RAN1#111 meeting, the following agreement was made on power domain enhancements for CA/DC [6]. 
Agreement
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.



For 5G-NR, it is very important to improve the uplink coverage and throughput by supporting the uplink transmissions across multiple bands via CA/DC. But in real deployments, these techniques are not very practical and transmit power limitation is on of the key issues. The power domain enhancements is a straightforward way to increase the UL coverage and worth investigating. 
In Rel-17, RAN4 has addressed the issue to enable the higher maximum output power for UL CA and DC cases for HPUE, the maximum output power relaxation for a band combination can be the sum of the individual power classes for each band. And a new UE capability signalling was introduced to support this feature. 
In RAN1#112 meeting, the following agreement has been made on power domain enhancements for CA/DC [7].
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#112bis meeting, RAN1 receives an LS from RAN4 [9] on enhancements to realize increasing UE power high limit for CA and DC. The following can be noted from the LS from RAN4:
	RAN4 would like to note that the delivery of high-power UL across all bands is dependent on SAR/MPE considerations at the UE during CA/DC operation. Regarding information exchange needed between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 has discussed UL power associated with possible solutions (Issue 4 and 5 in Topic#2 in [1]).
RAN4 has discussed several proposed schemes, however, there is no consensus on them yet.



And from the RAN1 side, the following agreement has been made on power domain enhancements for CA/DC [8]. 
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

The LS reply from RAN4 showed that no consensus reached on the issues/approaches from RAN4 perspective. And discussions about the solutions suggested by RAN4 are still ongoing in RAN1. 
According to the current RAN4 spec, different band combination has different regulatory requirements of  which also limits the total output power UE can deliver for UL CA/DC. In practice, UE may not be able to deliver full output power at all times due to SAR compliance. According to the current spec, how UE determines the safe transmit power level and the instantaneous transmit power for each of the bands due to the SAR limit is transparent to gNB. Two mechanisms can be applied according to UE capability, i.e. the PC fallback and the P-MPR. 
To realise the high power limit for CA/DC, gNB need to consider the information related to whether and how the UE can deliver high output power due to the regulatory constraints for scheduling which would benefit the system with better UL coverage, better throughput, and also help to save UE power consumptions. The assistance information with the solutions provided by RAN4 can be mostly categorised into “reactive” reporting related enhancements and “proactive” related enhancements. This can be further enhanced via PHR reporting. 
Proposal 1: Support to at least enhance the PHR reporting to provide additional assistance information to achieve better understanding between UE and gNB to realise the high power limit for CA/DC.
· The PC fallback mechanism
For UEs supporting the PC fallback mechanism, the reporting of the power class/ power class fallback ΔPPowerClass indication were discussed. In our view, this information may not be very useful since the current PHR reporting already provide the report of Pcmax which reflect the power class change implicitly, the instant reporting after the PC fallback happened may not be that useful. If this information is reported, we prefer to report the Power Class directly which are simpler because both positive and negative values should be included for indication of PC fallback/recovery.
The reporting of this PC information let the gNB know of any change on the power class UE applied, it should be provided together with more meaningful information such as the estimated duration for the PC fallback or with the sustainable duty cycle suggested by UE. The estimated duration for the PC fallback can let the gNB aware of UE behaviour under current status and try to make a better scheduling when a PC fallback occurs already. For the sustainable duty cycle UE suggested, this is reported to let the gNB foresee the power status of the UE and how to maintain the high power class to prevent the PC fallback. So when the PC fallback really occurs, this information is not that useful either.
Proposal 2: Support the reporting of the Power class to the network to indicate the current power class of the UE.
Proposal 3: Consider the reporting of Power class / power class changeΔPPowerClass, at least one of the following additional information should also be provided to the network,
· Estimated duration of power class fallback
· The sustainable duty cycle suggested by the UE
Proposal 4: UE recommended maxUplinkDutyCycle value would help to prevent triggering a power class fallback, but would not be a mandate to the gNB configuration.

· The P-MPR fallback mechanism
We think it would also be useful to report the P-MPR in FR1 which can somewhat reflect the power fallback due to SAR requirements for UEs don’t follow the PC fallback mechanism. We share proponent’s views that this information can let the gNB aware that UE is having issues with RF exposure which can inform the gNB to schedule more appropriately in the near term. And this enhancement has less spec impact. Similarly, some other indications also need to be considered to let the gNB aware of more information of the current power class sustainable situation. We find the following approaches more meaningful from discussions in the previous meetings, 
1) Estimated duration over which UE can sustain Pcmax before additional P-MPR is required;
2) UE recommended maxUplinkDutyCycle value to indicate how to sustain the high power;
Proposal 5: Consider the reporting of the P-MPR in FR1.
Proposal 6: Consider the reporting of P-MPR, the following additional information can also be provided to the network,
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required;
· UE recommended maxUplinkDutyCycle value to indicate how to sustain the high power;

Also, we think the energy headroom reporting may be promising for all the above mechanisms, but we found out that RAN4 discussed this EHR issue and precluded this enhancement in last meeting [10]. 
Issue 5: Whether EHR should be further discussed
< Agreement >: 
· Stop the discussion for EHR. 

We are open to the discussion on this EHR enhancement in future meetings.
For high power UEs, the gNB unawareness of the UE power change due to SAR compliance would degrade the efficiency of the link adaptation scheduling. In our view, the enhancement on this issue would be beneficial for both non-CA and CA/DC cases. 
Proposal 7: The enhancement to solve the SAR compliance issue for a better awareness of UE energy/power availability can be applied to both non-CA and CA/DC cases.
Another issue is the unawareness of the UE cumulative power level due to SAR compliance which leads to inappropriate adaptation scheduling to the characteristics of future UL traffic data. Whether high output power can be obtained also has an impact on whether CA/DC operation should be scheduled. 
Proposal 8. Support reporting of informative PHR at least to improve the accuracy of the acknowledgement of UE power/energy change due to SAR requirements. 
Proposal 9: Considering both Periodic and (event-triggering) aperiodic triggering and reporting of the enhanced PHR;

4	Conclusion
In this contribution, we provide our views of the enhancements on the power domain enhancements for CA/DC, our proposals are as follows:

Proposal 1: Support to at least enhance the PHR reporting to provide additional assistance information to achieve better understanding between UE and gNB to realise the high power limit for CA/DC.
Proposal 2: Support the reporting of the Power class to the network to indicate the current power class of the UE.
Proposal 3: Consider the reporting of Power class / power class changeΔPPowerClass, at least one of the following additional information should also be provided to the network,
· Estimated duration of power class fallback
· The sustainable duty cycle suggested by the UE
Proposal 4: UE recommended maxUplinkDutyCycle value would prevent triggering a power class fallback, but would not be a mandate to the gNB configuration.
Proposal 5: Consider the reporting of the P-MPR in FR1.
[bookmark: _GoBack]Proposal 6: Consider the reporting of P-MPR, the following additional information can also be provided to the network,
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required;
· UE recommended maxUplinkDutyCycle value to indicate how to sustain the high power;
Proposal 7: The enhancement to solve the SAR compliance issue for a better awareness of UE energy/power availability can be applied to both non-CA and CA/DC cases.
Proposal 8. Support reporting of informative PHR at least to improve the accuracy of the acknowledgement of UE power/energy change due to SAR requirements. 
Proposal 9: Considering both Periodic and (event-triggering) aperiodic triggering and reporting of the enhanced PHR;
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