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Introduction
In last meeting RAN4#102, RAN4 made good progress related to UL gaps for Tx power management. RAN4 endorsed the baseline RRM requirements in [1] and agreed WF [2]. In plenary an exception sheet was agreed [3] listing only following aspects which remains to be discussed and agreed in this meeting for RRM core requirements:
UL gaps for self-calibration and monitoring:
· RF test procedures including P-MPR reporting in the procedures
· RRM procedures to be prioritized over UL gap
· UE features and capability details for UL gap configurations, capability for inter-band UL CA and UL MIMO requirements
· UL gap for UL coherent MIMO
· Specifying the RF requirements to enable UL gap for UL coherent MIMO and finish the corresponding signalling.

In this paper we will analyse UL gaps for Tx power management and discuss how to design a relevant test case.
Discussion
RRM Performance requirement for UL gaps for Tx power management
The network may activate or not the UL gaps and schedule the optimum UL gap pattern. An example is provided below, where the network may use the P-MPR values and the PH values to decide on UL gap activation.

The UE has indicated to the network that it needs UL gaps for body proximity sensing e.g., provides a UE capability indication that it supports the UL gaps for P-MPR enhancements.

As a starting point the UE is not scheduled with gaps from the gNB, therefore the UE cannot assess the user’s presence and applies maximum P-MPR. The UE reports PHR to gNB, and the gNB receives the following: 

· Example 1: indication that the UE uses e.g. 6 ≤ PMP-R < 9 and PH = 6 dB.
The network can assess that the UE is not power limited, even under MPE event as PH=6, therefore scheduling UL gaps for P-MPR improvement would not yield a performance gain.
It may be that in this scenario, P=1, P-MPR = 6, Pcmax = 17 dBm (e.g. 23 dBm – 17 dBm) and PH = 6 dB. 
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Here, the UE is not power limited and in good signal conditions. Therefore, the network can already schedule more PRBs without the need for UL gaps, since the UE has an additional 6 dB headroom available, hence network will not schedule the UL gaps.

· Example 2: indication that the UE uses e.g. 6 ≤ PMP-R < 9 and PH = 0 dB.
The network can assess that the UE may be power limited and under MPE event, therefore scheduling UL gaps for P-MPR improvement may yield a UE Tx power improvement of 6 dB if there is no user covering the active antenna array. This will result in a possibility to increase e.g. MCS, PRB from network.
It may be that in this scenario, P=1, P-MPR = 6, Pcmax = 17 dBm (e.g. 23 dBm – 17 dBm) and PH = 0 dB. 
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Here, the UE is at the limit of being power limited and could be in poor signal conditions. Therefore, the network might soon need the potential additional 6 dB to improve UE UL throughput (MCS, PRB) and avoid potential UL failures, hence network will schedule the UL gaps.

Assuming the UE is then allocated UL gaps, and that there is no user blockage (i.e. no MPE event), the ‘P’ bit will be set to 0 indicating that P-MPR value is lesser than 3 dB hence the ‘MPE or R’ in the PHR will be set to ‘R’ (i.e. no P-MPR applied). For as long as the UL gaps are allocated, the UE will be able to determine the ‘No MPE condition’ and provide the additional Tx power. Whenever PH becomes >0, UL gaps may be deactivated as the additional Tx power may no longer be required.

The examples 1 and 2 show how network can optimally schedule and activate the UL gaps based on the UE reports of MPE P-MPR and PH, both included in PHR. 

Network can select activation and deactivation of UL gaps based on received UE indications and MPE and PH report from UE.
Based on this example behaviour we next discuss how to possibly design a test case for testing the UE reporting and the UL gaps.

RRM Performance Requirement test case

Based on the examples detailed in the previous section, this section proposes a test case on RRM performance where the test evaluates PH and MPE reporting in PHR when UE is scheduled with UL gaps, i.e. UE report P-bit, PH, MPE or R correctly when UL gaps are allocated. Tester may only schedule UL gaps when UE is in power limitation:
The above figure is described in the steps below:
1) UE indicates need for UL gaps (UE Capability)
2) UE is RRC_Connected mode
3) TE settings varying according to figure:
	sequence 1: 
· TE settings with high Tx power and TE not scheduling UL gaps 
· PHR reporting: PH >0, P-bit =1, MPE bits set to P-MPR ≥ 3 dB
· Even though the UE is under MPE, this does not affect communication since the UE is not power limited, i.e. PH > 0 dB. UL Gaps are not necessary and will not lead to improved Tx power. 
	sequence 2: 
· TE settings with low Tx power (high attenuation) and TE not scheduling UL gaps
· PHR reporting: PH=0, P-bit =1, MPE bits set to P-MPR ≥ 3 dB
· TE decreases its Tx power until UE is power limited. At this point, UL Gaps are necessary to improve UL, i.e. higher Tx power may be achieved with UL as well as higher PRB scheduling.
· When TE allocates UL gaps, PHR reporting accordingly change
	sequence 3: 
· TE settings with low Tx power (high attenuation) and TE scheduling UL Gaps
· PHR reporting: PH >0, P-bit =0, MPE bits set to R bits
· Resulting from TE scheduling the UL gaps, UE is no longer power limited and MPE event is not present (when UE is in free space condition). 
· Comparing sequence 2 and sequence 3, the is a clear P-MPR enhancement. 
4) The difference in PHR between sequence 2 and sequence 3 is showing the correct reporting when UL gaps are scheduled.
A test case should consider three phases testing UE reporting when being scheduled UL gaps for power limited UEs under MPE:
1. UE is not power limited, and tester does not schedule UL gaps
2. Tester increases PL and UE become power limited under MPE without UL gaps allocated
3. Tester schedules UL gaps and UL is no longer power limited and no longer under MPE
Other test cases are not precluded.
Other test cases are not precluded.

Conclusion
In this paper we analysed UL gaps for Tx power management and discuss how to design a relevant test case. We observed following:
1. Network can select activation and deactivation of UL gaps based on received UE indications and MPE and PH report from UE.
We also discussed how to design a test case 
1. A test case should consider three phases testing UE reporting when being scheduled UL gaps for power limited UEs under MPE:
1. UE is not power limited, and tester does not schedule UL gaps
2. Tester increases PL and UE become power limited under MPE without UL gaps allocated
3. Tester schedules UL gaps and UL is no longer power limited and no longer under MPE
Other test cases are not precluded.
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