Page 1

3GPP TSG-RAN WG4 Meeting #105                                                        R4-2220019
Online, , 14th – 18th November, 2022
Source: 
NTT DOCOMO, INC.
Title:
View for LS on Enhancement of increasing UE power high limit for CA and DC
Agenda item:
8.24.1
Document for:
Approval
1 Introduction
Rel-18 WI for “Further NR Coverage Enhancements” was approved[1]. RAN4#104-e-bis started to discuss the following highlighted objective, and approved a WF [2].
	From WID [1]
· 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)


Meanwhile, RAN1#110-e-bis discussed this objective as well since RAN1 is also included as a relevant WG in the objective. RAN1 approved an LS to RAN4 [3] to share the following agreement:
	From RAN1 LS [3]

Agreements
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.


This paper provides our views in response to the LS. Since the description in the LS seems general, to proceed with the discussion in RAN4, this paper shows possible issues RAN1 observed behind the agreement more specifically based on our understanding on the previous discussion in RAN1.
2 Discussion
 
The agreement captured in [3] describes RAN1 may study enhancements on information exchange between UE and gNB to improve scheduling and network performance when using higher power CA/DC based on RAN4’s input. According to RAN1 discussion, in our understanding, there were several possible enhancements discussed in RAN1 while other enhancements are not excluded. One is a method for UE to report the exact availability of higher transmit power for inter-band CA/EN-DC UL transmission. Another is a method for UE to report P-MPR values for FR1 which is already introduced for FR2. Furthermore, there are also proposals for enhancement to allow a UE to report PHR for a carrier that is configured for downlink but not for uplink, and to allow UE to report energy headroom for each of the bands in a CA/DC configuration given to the UE.
[4] discusses a method for UE to report the exact availability of higher transmit power for inter-band CA/EN-DC UL transmission. To utilize high power transmission of CA/DC considering the regulatory requirement of RF exposure (i.e., SAR for sub 6GHz), RAN4 has already introduced UL duty cycle capability as we can see in section 6.2A.1.3 in TS 38.101-1 and in section 6.3.B.1.3 in TS 38.101-3. A UE can report its capability of UL transmission rate with higher transmission power through UL duty cycle capability. However, when we consider the real NW deployment and operation, it may still be a bit difficult to effectively use such higher power for inter-band CA/EN-DC. The reason is that the exact duration of a certain evaluation used for UL duty cycle calculation is determined by the UE, and there is no way for gNB to understand it according to the current specifications. For inter-band CA/EN-DC, this issue can be very serious since whether or not higher transmit power is actually available for an inter-band CA/EN-DC transmission has a large influence on the benefit of the whole inter-band CA/EN-DC operation. For example, if higher transmit power is not available, it may be better just to avoid performing such CA/DC transmission itself, rather different UL transmission in different band in different time-domain occasion should be scheduled. Meanwhile, if higher transmit power is available, it would be clear that CA/DC transmission is very beneficial since it can boost traffic capacity so well without any issue due to the lack of transmit power per band. To resolve the issue above, one approach is to allow UE to report the exact availability of higher transmit power for a certain inter-band CA/EN-DC transmission, so that gNB can choose proper configuration for UL scheduling. Otherwise, the benefit of Rel-17 RAN4 WI outcome may not be maximized in practice.
Observation 1: The exact duration of a certain evaluation used for UL duty cycle calculation is determined by the UE, and there is no way for gNB to understand it according to the current specifications.
Observation 2: A method to allow UE to report the exact availability of higher transmit power for a certain inter-band CA/EN-DC transmission was proposed, so that gNB can choose proper configuration for UL scheduling.

[5] discusses methods of P-MPR value reporting for FR1, PHR reporting for a carrier that is configured for downlink but not for uplink, and energy headroom reporting for each of the bands in a CA/DC configuration. [5] as well as [4] points out that considering the time-averaged nature of RF exposure requirements, there is a room to enhance efficiency of high-power transmission for inter-band CA/DC. Typically, measurement period of RF exposure is larger than the duration of time slots used in NR. By monitoring actual transmission in past within the measurement period of RF exposure, a UE would be able to estimate remaining power or energy budget available at the UE for each carrier/band in terms of RF exposure. If gNB can know such information, gNB can take it into account for their scheduling. To do this, P-MPR value reporting for FR1 could be a one possible enhancement. Second approach is to report PHR for a carrier that is configured for downlink but not for uplink. The motivation is, given that the number of UL CCs is smaller than DL CCs, there would be a possibility that a certain carrier which is configured for DL but not for UL is better than a carrier configured for UL. This may happen since only UE knows influence of RF exposure on each carrier which is not used for UL at that time. That’s why reporting PHR for a carrier that is configured for downlink is proposed in our understanding. Finally, energy headroom reporting is suggested. Our understanding on “energy” is multiplication of power and time domain. So, if we apply this approach, gNB can know not only how power level can be transmitted but also how long its power can maintain in the future in terms of RF exposure.
Observation 3: By monitoring actual transmission in past within the measurement period of RF exposure, a UE would be able to estimate remaining power or energy budget available at the UE for each carrier/band in terms of RF exposure.
Observation 4: Methods of P-MPR value reporting for FR1, PHR reporting for a carrier that is configured for downlink but not for uplink, and energy headroom reporting for each of the bands in a CA/DC configuration was proposed, so that gNB can choose proper configuration for UL scheduling.

Our view is that both [4] and [5] seem to consider power class fallback to lower power class can be avoided in some cases by introducing enhancement on information exchange between UE and gNB. We also think that gNB does not fully understand the criteria when power class fallback would happen based on existing reporting mechanism. This would be more serious for inter-band CA/DC since when power class fallback happens for inter band UL CA/DC, NW may need to configure single band UL instead of inter-band UL CA/DC to maintain communication especially for cell edge UE. Based on the above consideration, we think it is preferable to let RAN1 study such enhancements while we would also like to collect other RAN4 experts’ view. 
Proposal 1: RAN4 discusses expected benefits and possible scenarios for enhancements to information exchange between UE and gNB.
Proposal 2: Send an LS to RAN1 describing that RAN4 agrees that enhancement to information exchange between UE and gNB may improve scheduling and network performance when using higher power CA/DC.
3 Conclusion
Here we summarize our proposals: 
Observation 1: The exact duration of a certain evaluation used for UL duty cycle calculation is determined by the UE, and there is no way for gNB to understand it according to the current specifications.
Observation 2: A method to allow UE to report the exact availability of higher transmit power for a certain inter-band CA/EN-DC transmission was proposed, so that gNB can choose proper configuration for UL scheduling.
Observation 3: By monitoring actual transmission in past within the measurement period of RF exposure, a UE would be able to estimate remaining power or energy budget available at the UE for each carrier/band in terms of RF exposure.

Observation 4: Methods of P-MPR value reporting for FR1, PHR reporting for a carrier that is configured for downlink but not for uplink, and energy headroom reporting for each of the bands in a CA/DC configuration was proposed, so that gNB can choose proper configuration for UL scheduling.
Proposal 1: RAN4 discusses expected benefits and possible scenarios for enhancements to information exchange between UE and gNB.
Proposal 2: Send an LS to RAN1 describing that RAN4 agrees that enhancement to information exchange between UE and gNB may improve scheduling and network performance when using higher power CA/DC.
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