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1 Introduction
In last meeting WF [1] is approved for UL gap for power management use case. This paper will further discuss the open issues about delta PMPR requirements, UL duty cycle related issues, UL GAP requirements problem and UL GAP applicability.
2 Discussion

2.1 Delta PMPR requirement
In previous meetings the delta PMPR based requirement has been discussed in addition to the already agreed delta peak EIRP based requirement. There are different views on the necessity and also the feasibility of it considering the limited range of PMPR signaling and also unclear additional benefits. Then as a compromised solution, it was agreed that when UL GAP is not configured/activated the P bit in PHR should be 1 during the UL GAP test. It was also agreed that when UL GAP is configured/activated the reported PMPR should be 0-3dB. Combine these two agreements, it can achieve the purpose of checking UE behavior of applying PMPR before and after UL GAP is configured/activated.

Therefore, there is no need to further discuss whether to mandate PMPR reporting when UL GAP is not configured/activated. And the discussion of delta PMPR can be closed too.
Observation 1:    UE behavior of applying PMPR before and after UL GAP is configured/activated can be verified with the following two agreements:

· it was agreed that when UL GAP is not configured/activated the P bit in PHR should be 1 during the UL GAP test. 
· it was also agreed that when UL GAP is configured/activated the reported PMPR should be 0-3dB.
Proposal 1:         Stop the discussion of whether to mandate PMPR reporting when UL GAP is not configured/activated and also the test of delta PMPR since this is not needed anymore with the already agreed P bit setting before and after the UL GAP in conformance tests.
2.2 UL duty cycle and testing
The handling of UL GAP gains when the configured UL duty cycle is very small has been discussed in last meeting. And it was agreed that when UL duty cycle is small enough, UE is not expected to request UL gap. This is true for some UE when configured UL duty cycle is very small then UE can transmit with higher power and the gain of UL GAP actually will be small or even no gain since small or no PMPR will be applied. 
However, the exact value of UL duty cycle at which no PMPR will be applied by UE is different from one another. Every UE has its specific implementation, the maxUplinkdutycycle capability therefore is different. The only possibility is to configure duty cycle that is lower than the smallest value in maxUplinkdutycycle capability, i.e. 15%. But unfortunately, in reality there are many UEs that don’t support the FR2 maxUplinkdutycycle capability and purely rely on PMPR to meet MPE. For these UEs whether PMPR will be reduced when reducing the UL duty cycle is unknown.

Apparently, this power management UL GAP feature is not intended to rely on FR2 maxUplinkdutycycle capability and its MPE solutions defined in Rel-15. Therefore, in our understanding it is not doable to verify all UE behavior of “low duty cycle then no UL GAP request” in conformance testing and is not the intended behavior for some UEs actually.
Observation 2:    “Low duty cycle then no UL GAP request” is not the unified behavior for FR2 UEs since not all UEs support maxUplinkdutycycle-FR2 capability, and for UEs which only rely on PMPR to meet MPE the behavior is unknown when reducing the UL duty cycle.

Proposal 2:         Clarify whether it is mandated UE behavior that when UL duty cycle is reduced then the PMPR will also be reduced, and review the agreement made in last meeting that “When UL duty cycle is small enough, UE is not expected to request UL gap” if some UE only rely on PMPR and doesn’t consider the duty cycle configuration.

Proposal 3:         Whether UL GAP is requested when duty cycle is low should be left to UE implementation and no test is needed to accommodate all UE behaviors.
2.3 UL GAP requirement issue
Then for the requirement definition in below table, it was questioned in last meeting about how to measure “EIRPmeas_peak” which is the measured UE peak EIRP with zero MPR/A-MPR/P-MPR. If we understand correctly with zero PMPR applied the “EIRPmeas_peak” is the peak EIRP measured in conformance testing without considering MPE. And it is equal to PUMAX,f,c_GAP_ON without considering the false alarm issue, however, if consider there is false alarm then the PUMAX,f,c_GAP_ON is smaller than the “EIRPmeas_peak”.
	PUMAX,f,c_GAP_ON - PUMAX,f,c_GAP_OFF [image: image2.png]


max((EIRPmeas_peak – [21] – 2) + 10 * log10(Z/20), 3)dB

· EIRPmeas_peak is the measured UE peak EIRP with zero MPR/A-MPR/P-MPR
· Z% is duty cycle of the reference measurement channel.
· PUMAX,f,c GAP_ON is measured peak EIRP when UL gap for TX power management is configured and activated
· PUMAX,f,c_GAP_OFF is measured peak EIRP when UL gap is not configured or de-activated


Observation 3:    “EIRPmeas_peak” is the peak EIRP without PMPR applied, and it is larger than the peak EIRP measured when UL GAP is configured/activated due to false alarm issue.
In last meeting it was agreed that in conformance testing the configured UL duty cycle is 20%, i.e. Z=20 in the inequation. Then the inequation will become 

PUMAX,f,c_GAP_ON - PUMAX,f,c_GAP_OFF [image: image4.png]


max(EIRPmeas_peak – 23, 3)dB
If assume “PUMAX,f,c_GAP_ON = EIRPmeas_peak – FA”, where FA is the power loss caused by False Alarm and is positive value. Then the inequation becomes:
EIRPmeas_peak – FA - PUMAX,f,c_GAP_OFF [image: image6.png]


max(EIRPmeas_peak – 23, 3)dB
Let’s further consider two cases, one case is the value in the left of inequation is larger than 3, and the other case is the value in the left of inequation is smaller than 3.
CASE1: Value in the left of inequation is larger than 3, we got following inequations:
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CASE2: Value in the left of inequation is equal to 3, then we got following inequations: 
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EIRPmeas_peak – FA – 3 [image: image14.png]


 PUMAX,f,c_GAP_OFF
If further consider FA=1dB, then the above highlighted inequations give the full picture of how requirements look like, i.e. as below:

	CASE 1:
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CASE 2:
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 PUMAX,f,c_GAP_OFF


From above inequations we can get following observations:

· For case 1, UE peak EIRP without PMPR (EIRPmeas_peak) is larger than 26dBm, then the Tx power with PMPR (PUMAX,f,c_GAP_OFF) shall be lower than 22dBm, otherwise it cannot meet the UL GAP gain requirement. For example:
· EIRPmeas_peak = 28dBm (peak EIRP without PMPR)
· PUMAX,f,c_GAP_ON = 27dBm (considering the 1dB false alarm error)
· PUMAX,f,c_GAP_OFF = 23dBm (Tx power with PMPR)
=> the gain is 4dB (PUMAX,f,c_GAP_ON - PUMAX,f,c_GAP_OFF), however, this UE cannot meet current requirement. (incorrect?)
Observation 4:    It seems when UE peak EIRP (EIRPmeas_peak) is larger than 26dBm with current agreed 20% duty cycle configuration, it’s PUMAX,f,c_GAP_OFF  must be smaller than 22dBm (below inequation). This leads to the situation that even UL GAP gain is larger than 3dB it still cannot meet the requirements.
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 PUMAX,f,c_GAP_OFF
Proposal 4:         Review the UL GAP gain requirement especially when the gain is larger than 3dB situation, and discuss how to solve the issue that UE with good peak EIRP and large UL GAP gain but still cannot meet the UL GAP gain requirement.

The most straight forward modification is fixing the gain as 3dB rather than link to a configured duty cycle and its peak EIRP performance. Besides, for UE without maxUplinkdutycycle capability it doesn’t do the calculation of configured duty cycle, then the current requirement seems doesn’t apply to these UEs either.
Observation 5:    Current UL GAP gain requirement linked to configured duty cycle and its peak EIRP performance, however, this is not applicable to UE which doesn’t support the maxUplinkdutycycle capability.

Proposal 5:         Modify the UL GAP gain as fixed 3dB, the inequation is proposed as below:
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2.4 Whether UL GAP apply to all FR2 CG bands
LS [2] was sent to RAN2 for signaling definition in last meeting. One open issue is whether the UL GAP will be applied to all FR2 bands within or across CG. It was agreed that there is only one common UL gap in FR2 from configuration perspective, however, this doesn’t mean this UL GAP will be applied to all FR2 bands, i.e. when UL GAP is activated no FR2 transmission is allowed in all bands.

In our view, there is no need to put such hard limitation to UE implementation. As already agreed that this UL GAP capability is per-band reported, and when UE works under CA the UL GAP application needs to take different UE implementations into account.

Observation 6:    UL gap is per band reported and only one UL GAP is configured, and whether this UL GAP will apply to all bands intra/inter CG needs to take UE architecture into account.
It is well understood that in FR2 CA, there are CBM and IBM implementations. 
· For IBM UE when NW configure a UL GAP for one FR2 band (support UL GAP) this UL GAP can only apply to this FR2 band since IBM UE has separate chain for these bands and can work separately.

· For CBM UE this UL GAP is apply to all FR2 bands in this band combination (multi-chain UE can work separately but no signaling to indicate so for simplicity UL GAP can apply to all bands).
Based on above considerations, it is suggested to apply UL GAP to all bands when UE indicate “CBM” for this band combination, and apply UL GAP to all bands inside CG when UE indicate “IBM” or “Both”.
Observation 7:    For UE with IBM capability, separate chains are used to support the band combination, and it is possible for UE to transmit in some bands while UL GAP is used in the other bands.
Proposal 6:         Inform RAN2 that UL GAP is applied to all serving cells when UE indicate “CBM” for this band combination, and only apply UL GAP to all serving cells inside the FR2 NR CG when UE indicate the beamManagementType capability “IBM” or “Both”.
3 Conclusion

This paper has discussed the open issues about delta PMPR requirements, UL duty cycle related issues, UL GAP requirements problem and UL GAP applicability, and got following observations and proposals:
2.1 Delta PMPR requirement
Observation 1:    UE behavior of applying PMPR before and after UL GAP is configured/activated can be verified with the following two agreements:

· it was agreed that when UL GAP is not configured/activated the P bit in PHR should be 1 during the UL GAP test. 
· it was also agreed that when UL GAP is configured/activated the reported PMPR should be 0-3dB.
Proposal 1:         Stop the discussion of whether to mandate PMPR reporting when UL GAP is not configured/activated and also the test of delta PMPR since this is not needed anymore with the already agreed P bit setting before and after the UL GAP in conformance tests.

2.2 UL duty cycle and testing
Observation 2:    “Low duty cycle then no UL GAP request” is not the unified behavior for FR2 UEs since not all UEs support maxUplinkdutycycle-FR2 capability, and for UEs which only rely on PMPR to meet MPE the behavior is unknown when reducing the UL duty cycle.

Proposal 2:         Clarify whether it is mandated UE behavior that when UL duty cycle is reduced then the PMPR will also be reduced, and review the agreement made in last meeting that “When UL duty cycle is small enough, UE is not expected to request UL gap” if some UE only rely on PMPR and doesn’t consider the duty cycle configuration.

Proposal 3:         Whether UL GAP is requested when duty cycle is low should be left to UE implementation and no test is needed to accommodate all UE behaviors.

2.3 UL GAP requirement issue
Observation 3:    “EIRPmeas_peak” is the peak EIRP without PMPR applied, and it is larger than the peak EIRP measured when UL GAP is configured/activated due to false alarm issue.
Observation 4:    It seems when UE peak EIRP (EIRPmeas_peak) is larger than 26dBm with current agreed 20% duty cycle configuration, it’s PUMAX,f,c_GAP_OFF  must be smaller than 22dBm (below inequation). This leads to the situation that even UL GAP gain is larger than 3dB it still cannot meet the requirements.
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 PUMAX,f,c_GAP_OFF
Proposal 4:         Review the UL GAP gain requirement especially when the gain is larger than 3dB situation, and discuss how to solve the issue that UE with good peak EIRP and large UL GAP gain but still cannot meet the UL GAP gain requirement.

Observation 5:    Current UL GAP gain requirement linked to configured duty cycle and its peak EIRP performance, however, this is not applicable to UE which doesn’t support the maxUplinkdutycycle capability.

Proposal 5:         Modify the UL GAP gain as fixed 3dB, the inequation is proposed as below:
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2.4 Whether UL GAP apply to all FR2 CG bands
Observation 6:    UL gap is per band reported and only one UL GAP is configured, and whether this UL GAP will apply to all bands intra/inter CG needs to take UE architecture into account.

Observation 7:    For UE with IBM capability, separate chains are used to support the band combination, and it is possible for UE to transmit in some bands while UL GAP is used in the other bands.

Proposal 6:         Inform RAN2 that UL GAP is applied to all serving cells when UE indicate “CBM” for this band combination, and only apply UL GAP to all serving cells inside the FR2 NR CG when UE indicate the beamManagementType capability “IBM” or “Both”.
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