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1.	Introduction
There is a case that an FR2 EN-DC UE stops transmitting NR SCC UL signals during the TRx measurement even though it is for a CA test and the DUT correctly followed a design with the current descriptions in TS 38.101-2 [1] and TS 38.213 [2]. Considering an objective of the CA test, it should be clarified if it is a correct behaviour that the UE operates as a single carrier mode during the verification of CA performances. In this paper we introduce this phenomenon and discuss necessary treatments. 

2.	Discussion
2.1 Test conditions
 The said UE behaviour was observed with test cases when Rel-15 FR2 EN-DC UE is set to output a maximum power with multiple NR component carriers by TPC command such as MOP, OBW, etc.  Based on the description of TS 38.508-1 [3] and test procedures in TS 38.521-2 [4], SCG of 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. Then the UE stopped transmitting UL signals of NR SCC even during the intra-band contiguous CA operation. We could observe the same phenomenon with multiple UEs from different vendors.
Observation 1: It seems Rel-15 FR2 UE stops transmitting UL signals of NR SCC when it is set to output UL signals by a maximum power.

2.2 Consideration on the UE behaviour from specification viewpoint
 To find a basis of this behaviour by the FR2 UE, we checked descriptions in TS 38.213 [2] and TS 38.101-2 [1]. Associated clauses are extracted in the appendix at the bottom of this contribution. While we were consideration of these descriptions, we faced a difficulty in judging whether the UE is following the current description in the specs correctly because:
· 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.
· 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. On the other hand, there is a description in the same clause as shown below, and it is ambiguous to judge whether we need to take the description “power spectral density for each RB in each component carrier is same” as 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.
 Therefore we need to clarify an assumption of the group whether the PSD in each CC shall be same or not with intra-band contiguous CA case. In case the equal PSD condition applies to intra-band contiguous CA case, then we have a discrepancy between the RAN1 (TS 38.213 cl. 7.5) and RAN4 (TS 38.101-2 cl.6.2A.4) specs. However, our current interpretation is that the EN-DC UE can configure imbalanced PSD in each CC. And the description in TS38.101-2 above (highlighted in yellow) is a condition only when calculating PCMAX.   
Observation 2: In TS 38.213, PCC is prioritized than SCC.
Observation 3: In TS 38.101-2, it is ambiguous whether it is possible to configure transmit power of PCC and SCC with a power imbalance. However our understanding is that the EN-DC UE can still configure imbalanced PSD in each CC. 
Proposal 1: Confirm an assumption in the group whether the equal PSD in each CC is mandatory or not in intra-band contiguous CA case. 
Observation 4: If the outcome of Proposal 1 is “the equal PSD in each CC is mandatory”, then we have a discrepancy between RAN1 and RAN4 specs. Next action to solve the issue is TBD.
Observation 5: If the outcome of Proposal 1 is “the equal PSD in each CC is NOT mandatory”, then the current FR2 EN-DC UE behaviour is not infringing the descriptions in two specs. 
 However suppose the outcome of Proposal 1 is “the equal PSD in each CC is NOT mandatory”, from an objective of the test under CA mode, it is questionable that the current behaviour of the FR2 EN-DC UE is appropriate as the CA operation. Also considering the conditions for MOP, OBW, etc., the UE shall be measured under the maximum output power condition. Therefore we need to create a consensus in the group again with two aspects which are:
1) whether the single carrier operation during the CA mode is a valid behaviour or not, 
2) which conditions can reproduce the maximum output power of PCC and/or SCC in total. 
Proposal 2: In a case the equal PSD in each CC is not mandatory in intra-band contiguous CA case, RAN4 clarifies whether the single UL carrier operation during the CA mode is a valid behaviour or not.
Proposal 3: RAN4 clarifies the conditions which can reproduce the worst case for transmitter requirements of CA.
One of the supposed outcome from the proposal 3 could be a condition which is configured by specific signalling such as PCMAX_l,c for each CC, or perhaps simply the status of the UE regardless with the 1UL or 2UL condition after receiving the continuous TPC commands from a test equipment. And these cases are preferable from the test simplicity point of view. However if it is difficult to figure out such a condition only with test configurations by the signalling, then the next possible idea could be to define an output power status of the UE, e.g. PSD of the multiple carriers should be equal, or one CC should have a very big power imbalance, etc. In that case we may need to measure the UE and find the maximum point with substantial additional test procedures and a cost of measurement time.
2.3 Consideration on worst conditions
 Next we consider on the outcome of discussions above from different viewpoints. First thing is an applicable release number of RAN4 specifications. Since the worst conditions (e.g. maximum output condition) may have a big impact on a UE design, we need to decide the applicable release number once we have finished identifying the associated conditions in the group.
Proposal 4: Discuss the applicable release number (15, 16 or later) once the worst conditions have been identified in the group.
 Next thing is an influence to a test procedure to find the defined output conditions. Since there is a huge impact on a test time depending on the test metric (especially if defined by TRP) and procedures to find that defined output conditions, we need to be careful when we define the worst conditions. And the repeatability is also important. 
Observation 6: Care must be taken when we define the worst conditions from test procedure, test time and repeatability viewpoints.

3. Conclusion
In this contribution we reported the behaviour with the FR2 EN-DC UE which stops transmitting NR SCC UL signals under the maximum power output condition and discussed its solutions.
Observation 1: It seems Rel-15 FR2 UE stops transmitting UL signals of NR SCC when it is set to output UL signals by a maximum power.
Observation 2: In TS 38.213, PCC is prioritized than SCC.
Observation 3: In TS 38.101-2, it is ambiguous whether it is possible to configure transmit power of PCC and SCC with a power imbalance. However our understanding is that the EN-DC UE can still configure imbalanced PSD in each CC.
Proposal 1: Confirm an assumption in the group whether the equal PSD in each CC is mandatory or not in intra-band contiguous CA case. 
Observation 4: If the outcome of Proposal 1 is “the equal PSD in each CC is mandatory”, then we have a discrepancy between RAN1 and RAN4 specs. Next action to solve the issue is TBD.
Observation 5: If the outcome of Proposal 1 is “the equal PSD in each CC is NOT mandatory”, then the current FR2 EN-DC UE behaviour is not infringing the descriptions in two specs. 
Proposal 2: In a case the equal PSD in each CC is not mandatory in intra-band contiguous CA case, RAN4 clarifies whether the single UL carrier operation during the CA mode is a valid behaviour or not.
Proposal 3: RAN4 clarifies the conditions which can reproduce the worst case for transmitter requirements of CA.
Proposal 4: Discuss the applicable release number (15, 16 or later) once the worst conditions have been identified in the group.
[bookmark: _GoBack]Observation 6: Care must be taken when we define the worst conditions from test procedure, test time and repeatability viewpoints.
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5.	Appendix – Extracts from TS 38.213, TS 38.101-2 and TS 38.508-1
Extract from TS38.213 [2] clause 7.6
	[bookmark: _Toc12021453][bookmark: _Toc20311565][bookmark: _Toc26719390][bookmark: _Toc29894821][bookmark: _Toc29899120][bookmark: _Toc29899538][bookmark: _Toc29917275][bookmark: _Toc36498149]7.6	Dual connectivity
[bookmark: _Toc12021454][bookmark: _Toc20311566][bookmark: _Toc26719391][bookmark: _Toc29894822][bookmark: _Toc29899121][bookmark: _Toc29899539][bookmark: _Toc29917276][bookmark: _Toc36498150]7.6.1	EN-DC
If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is configured a maximum power [image: ] for transmissions on the MCG by p-MaxEUTRA and a maximum power [image: ] for transmissions in FR1 on the SCG by p-NR-FR1. 
The UE determines a transmission power for the MCG as described in [13, TS 36.213] using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5 using [image: ] as the maximum transmission power. The UE determines transmission power for the SCG in FR2 as described Clauses 7.1 through 7.5.


Extract from TS38.213 [2] clause 7.5
	[bookmark: _Toc12021452][bookmark: _Toc20311564][bookmark: _Toc26719389][bookmark: _Toc29894820][bookmark: _Toc29899119][bookmark: _Toc29899537][bookmark: _Toc29917274][bookmark: _Toc36498148]7.5	Prioritizations for transmission power reductions
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ]. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: ], the UE does not include power for transmissions starting after the symbol of transmission occasion [image: ]. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.


Extract from TS38.101-2 [1] clause 6.2A.
	[bookmark: _Toc21340802][bookmark: _Toc29805249][bookmark: _Toc36456458][bookmark: _Toc36469556][bookmark: _Toc37253965][bookmark: _Toc37322822][bookmark: _Toc37324228]6.2A.4	Configured transmitted power for CA
A UE configured with carrier aggregation can configure its maximum output power for each uplink  activated serving cell c and its total configured maximum output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is used for power headroom reporting for carrier f of serving cell c only and is in accordance with that specified in clause 6.2.4 with parameters MPR, A-MPR and P-MPR replaced with those specified in subclause 6.2A.2, 6.2A.3 and 6.2.4, respectively. The  UE maximum configured power PCMAX in a transmission occasion is determined by the UL grants for carrier f of serving cell’s c(i) with non-zero granted power in the respective reference points.
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.
The configured UE maximum output power PCMAX shall be set such that the corresponding measured total peak EIRP PUMAX is within the following bounds
PPowerclass – MAX(MAX(MPR, A_MPR) + ΔMBP,n,,P-MPR) – MAX{T(MAX(MPR, A_MPR)),T(P-MPR)} ≤ PUMAX ≤ EIRPmax
with PPowerclass the peak EIRP as specified in sub-clause 6.2A.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2A.1, MPR as specified in sub-clause 6.2A.2, A-MPR as specified in sub-clause 6.2A.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1, P-MPR the power management term for the UE as described in 6.2.4 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2A.1.




Extract from TS 38.508-1 [3] clause 4.6.3
[bookmark: _Toc21353871][bookmark: _Toc27749490]–	P-Max
Table 4.6.3-89: P-Max
	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	P-Max
	23
	
	FR1 AND pc_dynamicPowerSharing

	
	23
	
	FR1_RF_PC2_Testing_PC3

	
	Not present
	
	FR1_RF_PC3

	
	Not present
	
	FR1_RF_PC2

	
	26
	
	FR2 AND pc_dynamicPowerSharing

	
	20
	P-Max value when pc_dynamicPowerSharing is set to FALSE
	NOT pc_dynamicPowerSharing
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