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1 Background

In [1] a compromise combining the two methods discussed for FDD-TDD EN-DC power class 2 for FDD-TDD 
· reducing Tx time for LTE FDD UE: UE NR duty-cycle capability reporting for SAR compliance

· reducing Tx power “permanently” for LTE FDD UE: configure a total EN-DC power > 23 dBm for SAR compliance using the common UL-DL configuration for the TDD CG in case PLTE < 23 dBm is configured, denoted the “blind” scheme in what follows
was presented, the“blind” scheme providing the baseline without need for tightly coordinated CG scheduling (scheduling optimization on the SCG requires knowledge about the MCG reference duty cycle) and UEs supporting duty-cycle management and power sharing across the two CGs. A requirement on tight CG scheduling would mean that the EN-DC PC2 feature could not be used for all network radio and baseband architectures. Therefore the duty-cycle reporting is added on top of the baseline for capable UEs able to increase the total EN-DC power up to 26 dBm, while always ensuring a minimum total EN-DC power > 23 dBm as set by the “blind” scheme. The SCG power can be increased substantially also using this minimum total EN-DC power.
The WF [2] lists the following questions
· Choosing “default value” or “blind scheme” when capability parameters are absent
· Choosing “PC fallback” or “blind scheme” when the UL EN-DC scheduling exceeds the UE capability
and ‘issues’ on the “blind” scheme (scheme of reducing LTE FDD power)

· Option 1: Not to introduce “blind” scheme. (vivo, OPPO, Xiaomi, CU, Qualcomm, Samsung, Huawei, CHTTL, LGE)

· Option 2: Introduce a new item in UE signalling to indicate if “Reduce_FDD_power” is supported. (vivo, CHTTL)

· Option 3: When capability parameters are absent. (T-mobile)

· Option 4: Introduce the “blind” scheme as the baseline (a minimum total EN-DC power; also applies when duty-cycle capabilities are absent and in “fallback” from the duty-cycle scheme). （Ericsson, T-mobile, Vodafone)

It is claimed that the “blind” scheme needs further study, unclear what, or that it should be postponed to a later release. Actually, unlike for the “blind” scheme, there are a several open issues with the duty-cycle reporting that were not addressed during the study item. First we address the arguments raised against the “blind” scheme.
2 The “blind” scheme (reduce FDD power)
2.1 It has not been studied

It has. RAN4#90 agreed a way forward for PC2 FDD-TDD UE in [3]. One of its items was a further study of the following solutions to meet the overall uplink duty cycle for the PC2 FDD-TDD HPUE, starting from case 1 [power classes]: 

· Option 1: Reduce Tx time for LTE FDD UE

· Restrict LTE FDD UL transmission by TDM patterns can be considered as the starting point for option 1
· Option 2: Reduce Tx power for LTE FDD UE

hence the “blind” scheme (Option 2) was part of the SI. The first version of this option was presented at RAN4#90bis. After further development during the SI, a final version was presented in a TP [4] to the SI TR 37.815. However, the TP was objected to and not included in the TR because of unknown SAR concerns. 
2.2 It does not meet SAR

It does. The “blind” scheme is based on setting the EN-DC total power such that the average UL power during a radio frame (two frames with two U-D patterns configured) does not exceed 23 dBm just like the capability-based solution for which the UL duty cycle should be such that for a UE with 26 dBm total EN-DC power the average the UL power during a certain evaluation period does not exceed 23 dBm; the same principle for facilitating SAR. 
The scheme complies with the FCC guidance for SAR measurements of LTE equipment that allows a power reduction on FDD if permanent (PLTE applies for the entire EN-DC connection) and a duty cycle on TDD as described in []. Guidance for NR is not yet available. Moreover, keeping the total average power below 23 dBm is good for heat management.
2.3 It is more complex (than duty-cycle management)

It’s not. It is based on standard EN-DC power control, the only difference is that the total EN-DC power is configured (computed) at a level higher than that of a EN-DC PC3 based on parameters provided at EN-DC configuration. Note that this is achieved with a standard UE implementation with two 23 dBm PA (case 1) or a implementation with a 26 dBm PA for TDD (case 2). Moreover, it
· can can be used both for static and dynamic power sharing
· does not require any coordination between CG schedulers for full utilization of the PC2 capability; coordination is not always possible for all network radio and baseband architectures
2.4 It has no benefits
It has. The baseline performance of the “blind” scheme represent a significant improvement compared to EN-DC PC3: the higher total EN-DC power allows a significantly higher TDD power without risk of SCG dropping. Numerical examples for EN-DC PC2 Case 1 (PC3 on each CG) and a 40% UL maximum duty cycle on TDD: 

· for PLTE = 22 dBm and uD = 0.4 the configured total output power is set at 24.1 dBm, the NR power increased from 16.1 to 20.1 dBm with LTE at full power as compared to EN-DC PC3. The NR would not be dropped by scaling since Pcmax,c = 23 dBm for NR PC3.

· for PLTE = 21 dBm and uD = 0.4 the configured total output power be set at 24.9 dBm, the NR power can be increased from 18.7 to 22.7 dBm with LTE at full power as compared to EN-DC PC3. There would be no NR dropping. For non-overlapping transmissions the NR power can be up to 23 dBm as per the NR power class.
with even larger improvements for a UE supporting NR PC2. No CG coordination is required. Note that the SCG downlink performance is improved since ACKs are received.
Setting PLTE < 23 dBm is standard in deployments or making sure that the TDD is not dropped when the UE becomes power limited. If the FDD coverage is impaired, EN-DC is released (then PLTE is also released).
3 Facilitating SAR with duty-cycle reporting uncertain
It is also claimed that the “blind” scheme requires further study, but what is to be studied? Duty-cycle reporting, on the other hand, still has open issues:
· the evaluation periods of the duty-cycles on LTE and NR are unspecified (the “blind” scheme per 10 ms for one pattern and 20 ms for two patterns): what is to be assumed by a network supporting coordinated CG scheduling?
· FDD is normally tested with full duty cycle in SAR testing, not any any reference LTE duty cycle.
For TDD-TDD PC2, the duty cycle is measured during a “certain evaluation period”, but this is also unspecified. Most of the study-item work on duty-cycle reporting focused on a set of equations for the average output power and selection of typical duty cycles used in the network, not if the approach is in accordance with existing SAR regulation. TDM patterns for the FDD CG were discussed at one stage, but the TR 37.815 does not contain any conclusions.

Observation 1: unlike the “blind” scheme the duty-cycle reporting still has open issues: the evaluation periods of the duty-cycles on LTE and NR to be observed by a UE network supporting CG coordination are unspecified; and FDD is normally tested with full duty cycle in SAR testing, not at any reference LTE duty cycle. 
If SAR regulation would allow UL duty-cycle restrictions on FDD, HPUE could be specified for all FDD bands.
It is perhaps the duty-cycle reporting method that requires further study?
4 A compromise
Despite the open issues described above, the compromise using the “blind” scheme as the baseline with duty-cycle reporting added, if supported, could still be adopted with an expectation that these open issues are resolved as part of maintenance. 
At any rate, the UE indicating duty-cycle capability should be able to maintain a 23 dBm nominal output power on average regardless of the UL scheduling, be it coordinated or not. In the CR [5] this is captured as follows
If the UE supports a different power class than the default UE power class for an EN-DC band combination with the MCG in an FDD band and the SCG in a TDD band and if the supported EN-DC power class enables higher maximum output power than that of the default EN-DC power class:

–
shall apply all requirements for the supported EN-DC power class and set the configured transmitted power as specified sub-clause 6.2B.4.1.3;
–
if at least one the fields of the UE capability [maxNRDuty1] and [maxNRDuty2] are provided 

–
shall set the configured transmitted power as specified sub-clause 6.2B.4.1.3 such that the nominal maximum output power averaged over an FFS evaluation period does not exceed the corresponding for the default EN-DC power class.
This also includes the ‘Full duty supported’ but the network would be blind to the actual EN-DC power configured (could be anyting between 23 and 26 dBm).

The “blind scheme” is designed such that the total EN-DC power [image: image2.png]PEN-DC
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 averaged over a radio frame (two with two patterns) is ≤ 23 dBm. It would allow a configured total EN-DC power > 23 dBm when  PLTE < 23 dBm and the tdd-UL-DL-ConfigurationCommon is provided. Actually, the blind scheme reduces to PC3 when
· PLTE ≥ 23 dBm or absent

· PEMAX, EN-DC ≤ 23 dBm or absent

· the maximum duty cycle is uD = 1, flexible symbols also counted as uplink

· the UE is configured with the parameter SlotFormatIndicator (the tdd-UL-DL-ConfigurationCommon may or may not be absent)

Configuration of a (dynamic) SFI would require frame-based duty-cycle management. 

Why use PC3 as a fallback when the “blind” scheme allows higher EN-DC when capabilities are exceeded or absent? A waste of performance. The UE capable of duty-cycle management can increase the total EN-DC power up to 26 dBm when the scheduled within the capability, but under all circumstances the network is aware that the minimum EN-DC power [image: image4.png]PEN-DC
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 is set in accordance with the “blind” scheme thus ensuring a performance improvement with EN-DC PC2, see Figure 1.
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Figure 1: the configured total EN-DC power as a function of the duty cycle for EN-DC power class 2.

Hence we propose

Proposal 1: support for EN-DC power class 2 for FDD-TDD band combination is specified by combining the methods of NR duty-cycle reporting and reduced FDD power.
Proposal 2: when duty-cycle capabilities are absent, follow the “blind scheme” by reduced power (PLTE) and use of the common UL-DL patterns on the TDD CG.
Proposal 3: when the UL EN-DC scheduling exceeds the UE capability, the blind scheme should be followed.
5 Can also be used for inter-band NR-DC and TDD-TDD EN-DC PC2
The “blind” scheme could also be used for configuring a minimum total EN-DC power level for TDD-TDD PC2, which ensures a performance improvement also without coordinated CG schedulers and required duty-cycle management in the UE. Just replace PLTE with uD,LTE · PLTE in the expression for the total EN-DC power, with uD,LTE the duty cycle according to the U/D pattern for LTE (and PLTE up to 26 dBm). 
Similarly, for FDD-TDD NR-DC PC2, the “blind” scheme could be used for configuring the total NR-DC power > 23 dBm, then with PLTE replaced by PNR < 23 dBm set for the MCG (FDD).

Other reasons for duty-cycle reporting might be heat management. The default for TDD-TDD EN-DC is 30%, but it is unclear if the peak power is always less than 26 dBm. 
6 Proposal
We make the following 

Observation 1: unlike the “blind” scheme the duty-cycle reporting still has open issues: the evaluation periods of the duty-cycles on LTE and NR to be observed by a UE network supporting CG coordination are unspecified; and FDD is normally tested with full duty cycle in SAR testing, not at any reference LTE duty cycle. 
Notwithstanding we propose that
Proposal 1: support for EN-DC power class 2 for FDD-TDD band combination is specified by combining the methods of NR duty-cycle reporting and reduced FDD power.
Proposal 2: when duty-cycle capabilities are absent, follow the “blind scheme” by reduced power (PLTE) and use of the common UL-DL patterns on the TDD CG.
Proposal 3: when the UL EN-DC scheduling exceeds the UE capability, the blind scheme should be followed.

A standardised EN-DC PC2 feature should not require UEs capable of duty-cycle management and CG coordination that is not possible with all radio network architectures. A CR is provided in [5].
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