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1 Introduction
In RAN4#91 WF [1] about the FDD+TDD HPUE SAR solution was agreed. The main idea is to restrict the FDD LTE and TDD NR overall transmit time to reduce the SAR. And the starting equation is “DutyLTE*(PLTE/ P26) + DutyNR*(PNR/ P26) ≤ Duty threshold” which will consider how to reflect the SAR difference (SAR ratio) for different bands as pointed out in [2]. 
This paper further compare of restrict transmit time solutions.
2 Discussion
Restrict transmit time is the general solution which has been used in many HPUE topics like LTE B41 HPUE, NR SA HPUE, NR intra-band HPUE, NSA TDD+TDD HPUE, etc. In FDD+TDD HPUE, it has also been considered from the beginning of this WI and several solutions were discussed in the past meetings and also offline.
· Solution 1: Report the directly averaged LTE and NR transmit time capability.
· Solution 2: Report the SAR ratio of EN-DC band combination and reuse the LTE FDD or NR TDD 50% duty cycle capability.
· Solution 3: Report LTE FDD maxUplinkdutycycle capability based on NR TDD UL/DL configuration.
2.1 Solution 1 and 2

The solution 1 and 2 are similar, difference is whether we need to consider the SAR differences for different bands in the NSA band combination. From equations this difference can be clearly observed. Solution 1 is reporting the averaged duty cycle capability, and solution 2 is reporting the SAR ratio and use 50% as the threshold.
	· Solution 1: DutyLTE*(PLTE/ P26) + DutyNR*(PNR/ P26) ≤ Duty threshold
· Solution 2: DutyLTE*(PLTE/ P26) + Ratio*DutyNR*(PNR/ P26) ≤ 50%


In [2], there is figure reproduced below to show the issue of SAR difference for different bands. In reality the antennas for different bands would located differently like one on the top and the other on the bottom, which leads to the SAR are quite differently in some cases. Therefore, the SAR difference needs to be considered as also been agreed in the WF.
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Observation 1: It is physical phenomenon that SAR is different for different bands even power is same.
Some people may think the SAR difference is overstated and may not have impact to the UE performance. Then, below table is comparison of solution 1 and 2. Here UE report 60% direct average capability (solution 1) to the network, and BS follows this capability and schedule 70% LTE UL duty cycle and 50% NR UL duty cycle. The “R” in the 3rd column is the SAR ratio of NR to LTE, as example we use 0.5, 1 and 2. And the last column is the results.

· if R=1, direct average is same to ratio average

· if R=2, additional 1.5dB PMPR need to be used
· if R=0.5, UE UL scheduling is over tight and actually 15% more UL could be scheduled for LTE FDD
In conclusion, it is not enough to only report the directly averaged UL duty cycle capability. Without knowing SAR difference for the LTE and NR bands, network scheduling is inadequate or over tight.
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Observation 2: It is not enough to only report the directly averaged UL duty cycle capability. Without knowing SAR difference for the LTE and NR bands, network scheduling is inadequate or over tight.
Observation 3: If averaged duty cycle capability is reported, the SAR ratio information is necessary.
Proposal 1: Solution 1 (direct average duty cycle capability) is not considered.
2.2 Solution 3
In TDD+TDD NSA HPUE WI, the main idea of SAR solution is reporting the NR TDD (Scell) UL duty cycle capability according to the LTE TDD (Pcell) UL/DL configuration which is broadcasted in the SIB and UE can get it when access the network. Here it must be careful that the NR TDD UL duty cycle capability is got not by direct calculation, instead it was reported by UE after considering the LTE and NR band SAR differences. In other words, the SAR differences are inherently considered in TDD+TDD HPUE WI. 
Observation 4: The impact of LTE and NR band SAR difference are inherently considered in TDD+TDD HPUE SAR solutions.
Solution 3 is trying to follow similar approach, i.e. UE report Pcell (LTE FDD) duty cycle capability based on Scell (NR TDD) UL/DL configuration. Here, it assumes the NR TDD UL/DL configuration is static. Comparing this solution to TDD+TDD HPUE SAR solution there are several differences.
· The first difference is how UE getting the UL duty cycle capability
· In TDD+TDD, UE get NR TDD UL duty cycle capability after reading Pcell (LTE TDD) SIB and get UL/DL configuration in the initial access stage.
· In FDD+TDD, UE cannot get the LTE FDD duty cycle capability in initial access because the Scell (NR TDD) UL/DL configuration is not in the SIB. Therefore, after initial access LTE FDD network need to inform UE the NR TDD (Scell) UL/DL configuration by RRC signalling or other means. UE then based on this information and get the UL duty cycle capability.
· The second difference is how UE reporting the capability

· In TDD+TDD the duty cycle capability is reported to the network in the initial UE capability reporting. 
· On the contrary, in FDD+TDD, UE cannot report the duty cycle capability in the initial capability report since it cannot know the Scell UL/DL configuration information which makes UE need to update its capability afterwards. One possible way is UE goes to idle mode and then reattach to the network to update its capabilities but this makes UE have to release the connection first. UE performance might be impacted. And the necessary changes to RRC and NAS specification is FFS.
Observation 5: FDD+TDD HPUE potentially can report LTE FDD UL duty cycle capability according to NR TDD UL/DL configuration, but the impact to RRC and NAS specification in capability updating is FFS.
2.3 Specification and network impact

Based on above discussion, the solution 2 and solution 3 are valid solutions to FDD+TDD SAR issue. What we need to further consider is the specification impact and also the scheduling flexibility.
RAN4 specification impacts of solution 2 and 3 are small, both will introduce a capability.
· Solution 2 changes in power class section:
	· if the ratio averaged percentage of LTE and NR uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame and ratio is the field of UE capability SAR-Ratio);
· shall apply all requirements for the default power class;


· Solution 3 changes in power class section:
	· if the field of UE capability maxUplinkDutyCycle-fdd-tdd is not absent and the percentage of NR uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-fdd-tdd as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); 
· shall apply all requirements for the default power class;


Other group specification impact are different for solution 2 and solution 3.
· Solution 2 only make changes in RAN2 capability information.

· Solution 3 not only make changes in RAN2 capability information, but also RAN2 and SA2 capability updating procedures.
Observation 6: Both changes little to RAN4 specification, solution 3 need to change RAN2 and SA2 capability updating procedures which is FFS.

On scheduling flexibility, both solutions are flexible, NW can schedule UE based on the reported capability.
Observation 7: Both are flexible on LTE FDD UL scheduling.
Proposal 2: Considering the solving SAR issue, specification impact and scheduling flexibility solution 2 (SAR ratio capability) is proposed.

3 Conclusion
Observation 1: It is physical phenomenon that SAR is different for different bands even power is same.

Observation 2: It is not enough to only report the directly averaged UL duty cycle capability. Without knowing SAR difference for the LTE and NR bands, network scheduling is inadequate or over tight.

Observation 3: If averaged duty cycle capability is reported, the SAR ratio information is necessary.
Proposal 1: Solution 1 (direct average duty cycle capability) is not considered.

Observation 4: The impact of LTE and NR band SAR difference are inherently considered in TDD+TDD HPUE SAR solutions.

Observation 5: FDD+TDD HPUE potentially can report LTE FDD UL duty cycle capability according to NR TDD UL/DL configuration, but the impact to RRC and NAS specification in capability updating is FFS.
Observation 6: Both changes little to RAN4 specification, solution 3 need to change RAN2 and SA2 capability updating procedures which is FFS.
Observation 7: Both are flexible on LTE FDD UL scheduling.

Proposal 2: Considering the solving SAR issue, specification impact and scheduling flexibility solution 2 is proposed.
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