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1 Background
The issue of dropping or power reduction of SCell was identified by RAN5 in conformance testing of UL intra-band CA in FR2​: UEs stopped transmitting UL signals of NR SCC when set to transmit UL signals at maximum power. RAN4 was made aware the issue by the contribution [1] submitted to RAN4 by a test vendor (Anritsu Corp).
The UE behavior in conformance testing is not surprising: the UE just follows the power prioritization rules in 38.213 reproduced below (the priority order removed for brevity), 
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: image1.wmf]i

 would exceed [image: image2.wmf])
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 in transmission occasion [image: image5.wmf]i

 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: image6.wmf])
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 for that frequency range in every symbol of transmission occasion [image: image7.wmf]i

. 
[…]
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.
The SCell power is reduced or the SCell dropped when the required total power for transmissions of equal priority in UL serving cells exceeds the total UE configured maximum power PCMAX(i), which is specified in RAN4 specifications for each type of CA configuration. The same applies to carriers for carriers of SUL/NUL combinations.
The same UE behavior is expected – and has been seen – in the field​. SCell power prioritization occurs for any CA configuration in both FR1 and FR2, it is not only a problem in conformance testing. The issue should be solved by methods that can also be used by an gNB for controlling power prioritization and prevent dropping. It is therefore proposed to revise the WIDs on RF enhancements in FR1 and FR2 lead by RAN4 [3][4] to include work on Scell dropping in Rel-17 for both frequency ranges. This work may also involve amendments of RAN1 and RAN2 specifications. 
2 Preventing SCell dropping in FR2 conformance tests
The problems in conformance testing related to verification of the maximum output power for FR2 intra-band UL CA for which RAN4 assumed equal UE power reduction (“equal PSD”) on all serving cells for the specification of the allowed UE power back-off. This condition is not possible to verify, and the following options were listed in a way forward following the input in [1]
- Companies are encouraged to bring views regarding conditions which should be suggested to RAN5 to measure each CA test case.

Option 1: Equal PSD between CCs.

Option 2: Measure the UE as is even SCC output may be scaled down under CA mode.

Other options are not precluded.

· Study of the methodologies to reproduce the conditions above is RAN5 work.  

To this end RAN4 has sent an LS to RAN5 [2] recommending that “equal PSD” is a preferred test condition, while also recognizing the actual UE behavior in the field is governed by 38.213 for both FR1 and FR2. 
Conformance tests should verify the behavior in the field while also covering “worst-case” behavior; the behavior in the field should be of at least equal importance.
3 Preventing SCell dropping in the field for both FR1 and FR2

There are limited possibilities of preventing UE the from dropping SCells or reducing their power in the field. The absolute power tolerance is not accurate enough for the gNB to control the UE output power on individual cells (not even for FR1 with its ±9 dB accuracy).
One way of preventing SCell dropping would be to limit the maximum power for the PCell to reserve power for SCell transmissions for each UE in dedicated signaling within the limits set by its total PCMAX, at least for particular transmission types e.g. for PUSCH without UCI. This would not require any change of the priority defined in 38.213. 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, 
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an “equal PSD” condition could be achieved for PUSCH transmissions, in principle. We recall that the current P-Max limits in FR1 are either cell specific or applies to the entire cell group if UE specific. There is no P-Max power limitation for FR2. 
Although the prioritization rules in 38.213 make no difference between FR1 and FR2, the specification of the maximum output power in 38.101-1 and 38.101-2 are different. The problem of limiting PCell and SCell maximum power in both frequency ranges could be resolved by specifying a limit relative to the configured power. This would also account for the actual power back-off that is applied by the UE, which is unknown to the network but included in the PHR determination. 

The relative limits would be set up in a RRC message e.g. during the RRC configuration of the band combination. Moreover, it may be necessary to modify the limit in case all available power should be reserved for PCell transmissions e.g. at the cell edge. The problem of relying on RRC configuration alone is that this is relatively slow. Faster adaption to changing radio conditions could be achieved by temporarily removing the power limitation in poor radio conditions on the PCell by disabling the power limitations e.g. by DCI indication or MAC-CE whence all available UE output power can be allocated temporarily to the PCell as per the existing prioritization rules.
The above is one possible solution that could be specified as an amendment to existing specifications, not necessitating any change of the priority functionality. Other solutions are not precluded. 
4 Proposal
We make the following proposal for Rel-17
Proposal 1: specify methods for network control of UE power prioritization between primary and secondary UL cells (prevent dropping of secondary UL cells).
Proposal 2: add an objective according to in the WID “RF requirements enhancement for NR frequency range 1 (FR1)” and WID Further enhancements of NR RF requirements for frequency range 2 (FR2)” for FR2.
RAN1 and RAN2 are secondary WGs.

The method is likely to be similar or even common for FR1 and FR2, the prioritization rules being the same, but the output power specification is different in FR1 and FR2 so the objective should be covered in both WIDs.
The proposed amendment of objectives for FR1 looks like follows [3]: 

3) HPUE for TDD intra-band contiguous and non-contiguous UL CA

· Take n41, n77 and n78 intra-band contiguous UL CA for examples

· The two example intra-band contiguous UL CA configurations are under considerations
· CA_n41C, CA_n78C, CA_n77C

· Take n77 intra-band non-contiguous UL CA for example
· One example intra-band non-contiguous UL CA configuration is under considerations: CA_n77(2A)
· Investigate and specify the 26dBm power class for n41and n78 intra-band contiguous, and n77 intra-band contiguous/non-contiguous UL CA

· Identify the impact of different UE architectures on the requirements

·  Power class relation between single CC and intra-band contiguous/non-contiguous CA on HPUE band is clarified if any

· Specify the mechanism to meet SAR requirements if necessary

· Mechanism for HPUE on single carrier can be a start point considering the same UL-DL configuration assumption

· A-MPR requirement

· Specify MPR requirements
4) Methods for network control of UE power prioritization between primary and secondary UL cells (prevent dropping of secondary UL cells)
· Methods including UE-specific P-Max limitation per serving cell within a cell group
· enabling/disabling of P-Max in e.g. DCI for fast adaptation to changing channel state conditions (changes to RAN1 and RAN2 core specifications as needed)
· SCell power reduction is considered from an FR1 viewpoint in this work item (the power prioritization rules in 38.213 make no difference between FR1 and FR2, the specification of the maximum output power in 38.101-1 and 38.101-2 are different)
· Other methods not precluded
the same for FR2 [4] but from an FR2 viewpoint.
References
1.   R4-2009656, “NR SCC UL power drop behaviour with EN-DC UE in FR2”, Anritsu Corp.
2.   Revision of R4-2103124, “LS on SCell dropping”, RAN4
3.   RP-210577, “Revised WID: RF requirements enhancement for NR frequency range 1 (FR1)”, Ericsson
4.   RP-210578, “Revised WID Further enhancements of NR RF requirements for frequency range 2 (FR2)”, Ericsson
