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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
WI [1] was approved, in which PC3 SUL band + PC2 NR TDD band SAR issue is one of the topic. Initial discussions happen in RAN4#96e, however, no conclusion was reached. 
[image: ]

This paper continue discuss this aspect based on [2].

2 Discussion
2.1 The normal handling of SAR
Up to now reporting of maxUplinkdutycycle is widely used in many HPUEs, like SA, TDD+TDD EN-DC, FDD+TDD EN-DC. The main idea is to make NW aware of this UL scheduling restriction and allow UE to do power back off when the scheduled UL duty cycle exceeds this capability.

In SA, HPUE will report maxUplinkdutycycle capability per band. In TDD+TDD EN-DC, the maxUplinkdutycycle capability is reported for NR TDD band based on the LTE TDD UL/DL configuration got in SIB. And in FDD+TDD EN-DC is reporting the maxUplinkdutycycle capability for NR TDD band based on the predefined two reference UL duty cycle in FDD band.

Observation 1:   Reporting of maxUplinkdutycycle was widely used to solve HPUE SAR issues.

2.2 Possibility of reusing EN-DC SAR solutions

The SUL+NR TDD band in principle can also rely on some kind of maxUplinkdutycycle capability considering the characteristics of SUL+ NR band. For example, SUL and NR band are switched transmission, or in other words, non-simultaneous transmission. 

· Firstly, let’s see whether the TDD+TDD EN-DC scheme can be reused

The TDD+TDD EN-DC scheme is rely on the fixed LTE TDD UL duty cycle. But considering SUL band transmission is dynamically scheduled by DCI, the TDD+TDD EN-DC scheme which requires the SUL band fix its UL transmission duty cycle seems cannot be applied directly.

Observation 2:   In TDD+TDD EN-DC, the maxUplinkdutycycle was reported based on fixed LTE TDD UL/DL configuration.

Observation 3:   SUL is DCI dynamic scheduling transmission, and there is no fixed UL duty cycle.

Observation 4:   The TDD+TDD EN-DC SAR scheme cannot be reused directly.


· Then, let’s see the FDD+TDD EN-DC scheme

The FDD+TDD EN-DC scheme which report NR TDD band duty cycle capability is based on two reference FDD band duty cycle. It potentially can be reused, however, as is known it is not a good performance solution since the reported capability is only accurate when FDD band is scheduled at the reference duty cycle. It is apparently unrealistic to ask NW always transmit at the two reference duty cycle (40% and 70%). This makes the UE reported NR TDD duty cycle capability in most of the time is inaccurate and degrade the system performance. 

Therefore, it is proposed first consider whether there are other better solutions than directly reuse such solution.

Observation 5:   The FDD+TDD EN-DC scheme is based on two reference FDD band duty cycle which makes the reported NR TDD capability is inaccurate in most of the time.

Proposal 1:        SUL SAR solutions should be fully considered rather than directly reuse the legacy TDD+TDD or FDD+TDD EN-DC duty cycle SAR solutions due to possible degraded system performance.

2.3 Potential SUL SAR solutions
2.1 
2.2 
2.3 
Tx time calculation
Comparing to EN-DC HPUE, the SUL band combination has its special power transmission characteristics:
· The SUL band and NR band are non-simultaneous transmission
· The power class defined for SUL band and for NR band separately
· NR TDD band already reports the maxUplinkdutycycle in SA

Observation 6:   SUL has its own special characteristics, i.e. non-simultaneous transmission with NUL, separate power class defined, and already reported NR TDD band duty cycle capability.

With above three conditions, the most straightforward approach is to reuse the maxUplinkdutycycle in NR TDD band, and further take SUL impact into account like asking UE further report the maxUplinkdutycycle for SUL band, and then combine these two capability together. 

Observation 7:   One straightforward approach is to reuse the NR TDD band maxUplinkdutycycle, and further report the maxUplinkdutycycle for SUL band, and then combine these two capability together.

Below is an example to show the possibility in implementation and is not necessary to be restricted as it is:

	Define:
· DutyTDD= maxUplinkdutycycle for TDD band
· This is the already defined duty cycle capability in Rel-15, which is the maximum UL duty cycle that can be scheduled for NR TDD band under 26dBm
· DutySUL = maxUplinkdutycycle for SUL band
· This is the newly reported duty cycle capability for SUL band under 26dBm
· This capability is 1/2 times of the max duty cycle that can be scheduled when SUL transmit at 23dBm
· Ttdd: This is the scheduled duty cycle for TDD band
· Tsul: This is the scheduled duty cycle for SUL band

When SUL transmit at 23dBm, NR TDD transmit at 26dBm, then
· SUL band transmit time percentage: 

· TDD band transmit time percentage: 

Then when the following time averaged duty cycle capability is not met, UE will do power class back off as other HPUE has done.





In this simple approach, what needs to be defined is the maxUplinkdutycycle for SUL band, and reuse the already reported NR TDD band duty cycle capability.

The benefit is NR TDD and SUL band can be scheduled with much more flexibility and no longer need to be restricted to one or two predefined duty cycles.

Another point that has been raised in RAN4#96e is that this might need tight coordination of the SUL BS and NUL BS, however, in our understanding, SUL itself already needs the tight coordination between BS. This is not a problem in real NW. But to solve the concern from NW scheduling complexity, the same principle can also be reused, i.e. this capability is only for NW to consider and no restriction on the NW scheduler design.

And further from UE perspective, the calculation of the total duty cycle in SUL and NUL is no more work than the current maxUplinkdutycycle in SA or TDD/TDD FDD/TDD NSA HPUE.

Observation 8:   With new SUL band duty cycle capability further reported, the SUL+NR TDD SAR can be solved by simple time average of the SUL band and NR TDD band duty cycle capability.

Observation 9:   NR TDD and SUL band can be scheduled flexibly and no longer be restricted to one or two fixed duty cycles.

Observation 10:   Tight coordination between SUL and NUL BS is not a problem since SUL feature is already under the condition of tight coordination.

Observation 11:   Calculation of the total duty cycle in SUL and NUL from UE side is no more work than the current maxUplinkdutycycle in SA or TDD/TDD FDD/TDD NSA HPUE.


Proposal 2:        It is proposed to only report maxUplinkdutycycle for SUL band under 26dBm to solve the SAR issue.

Proposal 3:        SUL maxUplinkdutycycle capability is only for NW to consider and no restriction on the NW scheduler design as other maxUplinkdutycycle capabilities have done.

Specification impact
Currently, in 38.331 the maxUplinkDutyCycle-PC2-FR1 is defined as per band capability for HPUE and more detailed information can be found in 38.306 which is also reproduced below.

	BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                           OPTIONAL,
    ...,
    [[
    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}   OPTIONAL
    ]],
    [[
    pucch-SpatialRelInfoMAC-CE          ENUMERATED {supported}                          OPTIONAL,
    powerBoosting-pi2BPSK               ENUMERATED {supported}                          OPTIONAL
    ]],
    [[
    maxUplinkDutyCycle-FR2          ENUMERATED {n15, n20, n25, n30, n40, n50, n60, n70, n80, n90, n100}     OPTIONAL
    ]],



	maxUplinkDutyCycle-PC2-FR1
Indicates the maximum 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. This field is only applicable for FR1 power class 2 UE as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field is absent, 50% shall be applied. Value n60 corresponds to 60%, value n70 corresponds to 70% and so on. This capability is not applicable to IAB-MT.
	Band
	No
	N/A
	FR1 only



Although this capability was introduced for NUL HPUE bands, it can be easily extended to SUL bands with modifications to the description of this capability since currently there is no power class 2 in SUL bands. An example is as below:

	maxUplinkDutyCycle-PC2-FR1
Indicates the maximum 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. This field is only applicable for FR1 power class 2 UE in normal bands or SUL band combinations as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field is absent, 50% shall be applied. Value n60 corresponds to 60%, value n70 corresponds to 70% and so on. This capability is not applicable to IAB-MT.
	Band
	No
	N/A
	FR1 only



Observation 12:  Current maxUplinkDutyCycle-PC2-FR1 can be extended to SUL band with modification of the description in 38.306 and no new signaling needs to be defined to provide further information to NW.

Some example changes for clarification to the 38.101-1 is as below (other Pmax related information can be further added as other HPUE has done).

	If a UE supports a different power class than the default UE power class for the normal band under SUL band combinations and the supported power class enables the higher maximum output power than that of the default power class. 
-	If the total percentage of uplink symbols transmitted in a certain evaluation period in normal band and SUL band is smaller than the time averaged capability, apply all requirements for the supported power class to normal band and set the configured transmitted power as specified in clause 6.2.4.
           [with or without the restriction on how the time averaged capability is calculated]
-	else, apply all requirements for the default power class to normal band and set the configured transmitted power as specified in clause 6.2.4.



Observation 13:  Flexibility can be given to UE implementation on calculation of the averaged duty cycle.

Based on above analysis, it is proposed to consider reuse the current maxUplinkDutyCycle-PC2-FR1 capability for SUL band capability reporting.

Proposal 4:        It is proposed to consider reusing the current maxUplinkDutyCycle-PC2-FR1 capability for SUL band capability reporting.


3 Conclusion

2.1 The normal handling of SAR
Observation 1:   Reporting of maxUplinkdutycycle was widely used to solve HPUE SAR issues.

2.2 Possibility of reusing EN-DC SAR solutions
Observation 2:   In TDD+TDD EN-DC, the maxUplinkdutycycle was reported based on fixed LTE TDD UL/DL configuration.

Observation 3:   SUL is DCI dynamic scheduling transmission, and there is no fixed UL duty cycle.

Observation 4:   The TDD+TDD EN-DC SAR scheme cannot be reused directly.
Observation 5:   The FDD+TDD EN-DC scheme is based on two reference FDD band duty cycle which makes the reported NR TDD capability is inaccurate in most of the time.

Proposal 1:        SUL SAR solutions should be fully considered rather than directly reuse the legacy TDD+TDD or FDD+TDD EN-DC duty cycle SAR solutions due to possible degraded system performance.

2.3 Potential SUL SAR solutions
Observation 6:   SUL has its own special characteristics, i.e. non-simultaneous transmission with NUL, separate power class defined, and already reported NR TDD band duty cycle capability.

Observation 7:   One straightforward approach is to reuse the NR TDD band maxUplinkdutycycle, and further report the maxUplinkdutycycle for SUL band, and then combine these two capability together.

Observation 8:   With new SUL band duty cycle capability further reported, the SUL+NR TDD SAR can be solved by simple time average of the SUL band and NR TDD band duty cycle capability.

Observation 9:   NR TDD and SUL band can be scheduled flexibly and no longer be restricted to one or two fixed duty cycles.

Observation 10:   Tight coordination between SUL and NUL BS is not a problem since SUL feature is already under the condition of tight coordination.

Observation 11:   Calculation of the total duty cycle in SUL and NUL from UE side is no more work than the current maxUplinkdutycycle in SA or TDD/TDD FDD/TDD NSA HPUE.

Proposal 2:        It is proposed to only report maxUplinkdutycycle for SUL band under 26dBm to solve the SAR issue.

Proposal 3:        SUL maxUplinkdutycycle capability is only for NW to consider and no restriction on the NW scheduler design as other maxUplinkdutycycle capabilities have done.

Observation 12:  Current maxUplinkDutyCycle-PC2-FR1 can be extended to SUL band with modification of the description in 38.306 and no new signaling needs to be defined to provide further information to NW.

Observation 13:  Flexibility can be given to UE implementation on calculation of the averaged duty cycle.

Proposal 4:        It is proposed to consider reusing the current maxUplinkDutyCycle-PC2-FR1 capability for SUL band capability reporting.
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Options for SAR schemes for PC2 NR inter-band CA and SUL configurations

* Duty cycle based solutions
- Option 1: Report one total UL duty cycle capability
- Option 2: Report the duty cycle capabilities per band

* UE implementation based solution, i.e. P-MPR

* Other options are not precluded and will be continually discussed in next meeting




