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1	Introduction 
The purpose of this discussion paper is to summarize some current views on the potential issue of FR2 EN-DC UEs dropping NR SCell during the TRx measurement and thereby ceasing to be in UL-CA mode. This is in lieu of the DUT following the prioritization rules in TS 38.101-2 [1] and TS 38.213 [2]. The issue has been discussed in length in RAN5 [5] [6] [7] [8].
It should also be noted that there is an ongoing discussion in RAN4 (Way Forward R4-2107762) that is discussing possible ways to limit the serving cell power to prevent excessive power scaling of secondary cells. While the actual method is still under discussion, the impact of this to conformance testing and possible ways to prepare RAN5 spec for adopting a feasible solution, is discussed in this paper.
2	Discussion 
2.1 Test conditions
The stated UE behaviour can potentially occur when Rel-15 FR2 EN-DC UE is set to output a maximum power with multiple NR component carriers by continuous TPC UP command during tests such as Maximum Output Power (Peak EIRP).  Based on the description of TS 38.508-1 [3] and test procedures in TS 38.521-2 [4], the SCG of the FR2 UE (with dynamic power sharing) is defined to set P-Max as +26 dBm and the output power is increased by continuous TPC commands from a test equipment. In a power limited condition, when the PCell is prioritized then the Scell could reach a situation where it is dropped due to inadequate power allocation.
Observation 1: Scell Drop is possible when the EN-DC FR2 intra-band contiguous UL-CA test procedure configures the DUT to transmit at maximum power across CCs
2.2	Core and Test Specification background
It would be useful to understand the background from TS 38.213 [2] and TS 38.101-2 [1]. Associated clauses are extracted in the appendix at the bottom of this contribution. In summary:
· In TS 38.213 clause 7.5, UE is defined to prioritize the primary cell in case of same priority order of transmission and for operation with CA, which means the primary cell of the SCG (NR cell group) is prioritized than secondary cell in the EN-DC UE case. Moreover, this is also the default mode of operation in real deployments.
Observation 2: As per TS 38.213 prioritization rules, PCC is prioritized over SCC. This is also the mode of operation in the field
· In TS 38.101-2 clause 6.2A.4, configured transmitted power for CA is defined only with PCMAX, which is the total power of CCs as NR. Thus, it is possible to configure the output power of each component carrier with an imbalanced output power. This led to the question on whether “equal power spectral density for each RB in each component carrier” should be a mandatory condition or not. 

Extract from TS 38.101-2 clause 6.2A.4
For uplink intra-band contiguous carrier aggregation, MPR is specified in clause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
RAN4 discussed this issue and conveyed their understanding to RAN5 via [ref]
RAN4 has reached the following understanding
· The UE Prioritizes Power on the Pcell and reduces the power on the Scell(s) for transmissions of a given priority when the UE is power limited (38.213)
· The RAN4 requirements on PCMAX for CA do not mandate the UE transmit with equal PSD across CCs at maximum output power
· Equal PSD was assumed for the development of MPR requirements, but the MPR thus specified for the total CA power is applicable to all transmit conditions (priorities) 
In addition, RAN4 has confirmed the below
To this end, RAN4 has discussed the following two options for verification of the CA test cases:
1. Option 1: Equal PSD between CCs.
2. Option 2: Measure the UE as is even SCC output may be scaled down under CA mode. 
RAN4 considers that equal PSD is a preferred test condition to verify the UL CA requirements. However, considering the actual UE behaviour in the field, which is subject to the prioritization rules in 38.213.RAN4 recognizes that testing details (configures/procedures) are ultimately up to RAN5. 
Observation 3: RAN4 clarified via LS [2] to RAN5 that equal PSD is preferred test condition. However, actual UE behavior in the field has to be considered as well as prioritization rules in TS 38.213 to identify testing details. 
Observation 4: RAN5 has agreed that the way forward recognizes prioritization rules in TS 38.213
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios. Considering the ongoing RAN4 discussion, a potential solution from RAN4 cannot be precluded.
2.3 Discussion on possible test scenarios
2.3.1	Summary of RAN5 and RAN4 discussions on this topic
Most of the focus of RAN5 has been to explore test mode versus non test mode options to accomplish the desired objective of the FR2 RF CA test scenarios. There has been no agreement to adopt one or the other and in lieu of the ongoing RAN4 discussion.
As stated in [4] and [7], one way of preventing SCell dropping would be to limit the maximum power for the PCell to reserve power for SCell transmissions, at least for particular transmissions e.g. for PUSCH without UCI. Moreover, by limiting the SCell maximum power in addition, a behavior similar to that for LTE in which scaling applies uniformly for each serving cell as noted previously, from 36.213, 

an “equal PSD” condition, could be achieved for PUSCH transmissions.
For FR1, the configured maximum output power is specified at the antenna connector and can be determined by . For FR2, on the other hand, both the configured power per cell  and the total configured power   are specified in implementation-specific plane of references internal to the UE. Absolute power limits configured by the network are therefore not viable for these parameters. Moreover, the UE power class for FR2 is specified in terms of EIRP that is impossible to control for UE operations in the field.
Again from [4], it can be gathered that a limit relative to the configured power can be specified to work around the issue of PCell and SCell power getting limited. This would also account for the actual power back-off (up to MPR) that is applied by the UE, which is unknown to the network but included in the PHR determination. The network would then configure the UE with UE-specific relative limits Xmax,f,c on the PCell and possibly also one or more SCells

relative to an absolute reference power Pref  that could be implementation specific. The relative limitation must not necessarily apply to all transmissions, only to specific transmissions like PUSCH without UCI or of priority 0. Other transmissions would not be limited.
From 38.521-2 clause 6.2.4.3, we know that
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
Also PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [24].
For intra-band CA, the MPR for each serving cell is the same as that for the total power. Hence the same power back-off is normally assumed for both the  and the . Suppose we pick . If the network configures the UE with a value of  Xmax,f,PCell > 0 dB, then the  for the PCell should be reduced by this value and power for SCells would therefore be ensured as the total power  is unchanged. 
An example of intra-band UL CA with allowed MPR for FR2 UE configured with a limit relative to    and four UL component carriers is shown in Figure 4.1. The ordinate shows the transmitted power density of the component carriers in relation to the , the   and the  as seen in the respective plane of reference (different at least for the power class). The power back-off up to the allowed MPR is measured relative to the power class. Configuration of the relative limit   reduces the configured power for the PCell, the remaining power up to  is available for the SCells. Setting  = 6 dB would make possible transmissions with equal power spectral density on all configured cells if the same limit is configured for the SCells.
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Figure 4.1: UL intra-band contiguous CA – avoiding power limitation on SCell in FR2
Based on reference diagram in [4] with additional parameters added
Observation 6: To prevent SCell dropping due to a large power reduction, the discussed approach in RAN5 aligns with ongoing discussions in RAN4 that seek to attain the same objective i.e. limit the PCell power. Setting a threshold for the reduction would ensure transmissions with equal power spectral density on all configured cells if same limit were configured for the SCells. 
Based on an analysis of the uplink power expectations in the tests across TS 38.521-2, it can be construed that the tests where UE is expected to operate at maximum transmit power can all utilize such a potential solution, if agreed. Currently these tests are marked incomplete as agreed at RAN5#91e.
Observation 7: Additional analysis is needed on the impact of tolerances of configured output power for allowed MPR values which will be an issue RAN5 will have to address irrespective of the approach chosen
2.3.2	The aspect of beam peak search
The peak beam search will have to be performed uniquely for CA tests unless there is a UE vendor declaration of reusing the beam peak result from single carrier [9]. With the approach of limiting power on the PCell, one aspect that needs to be discussed is if this would apply during the peak beam search process as well. If so, then the limiting of PCell power would potentially prevent the SCell drop and peak beam search can be carried out in CA mode. However, the concern about time to obtain peak beam search while trying to limit the PCell power and attain equal PSD on both component carriers was raised at RAN5#92. It can be discussed whether the results from peak beam search can be utilized within CA tests even if equal PSD has not been maintained. For intra-band CA, it can be assumed that the peak beam would not differ significantly across component carriers
Observation 8: Regarding concerns with test time/complexity of beam peak search using the power limiting/adjustment approach, it can be discussed whether the results from peak beam search can be utilized within CA tests even if equal PSD has not been maintained during beam peak search procedure. For intra-band CA, it can be assumed that the peak beam would not differ significantly across component carriers.
3	Summary
In this contribution, the following observations were made
Observation 1: Scell Drop is possible when the EN-DC FR2 intra-band contiguous UL-CA test procedure configures the DUT to transmit at maximum power across CCs
Observation 2: As per TS 38.213 prioritization rules, PCC is prioritized over SCC. This is also the mode of operation in the field
Observation 3: RAN4 clarified via LS [2] to RAN5 that equal PSD is preferred test condition. However, actual UE behaviour in the field has to be considered as well as prioritization rules iN TS 38.213 to identify testing details. 
Observation 4: RAN5 has agreed that the way forward recognizes prioritization rules in TS 38.213
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios. Considering the ongoing RAN4 discussion, a potential solution from RAN4 cannot be precluded.
Observation 6: To prevent SCell dropping due to a large power reduction, the discussed approach in RAN5 aligns with ongoing discussions in RAN4 that seek to attain the same objective i.e. limit the PCell power. Setting a threshold for the reduction would ensure transmissions with equal power spectral density on all configured cells if same limit were configured for the SCells. 
Observation 7: Additional analysis is needed on the impact of tolerances of configured output power for allowed MPR values which will be an issue RAN5 will have to address irrespective of the approach chosen
Observation 8: Regarding concerns with test time/complexity of beam peak search using the power limiting/adjustment approach, it can be discussed whether the results from peak beam search can be utilized within CA tests even if equal PSD has not been maintained during beam peak search procedure. For intra-band CA, it can be assumed that the peak beam would not differ significantly across component carriers.
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