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1 Background
In the absence of a RAN4 solution, RAN5 is considering the usage of a conformance-only test function for Rel-16 and forward for resolving the issue seen in FR2 RF UL-CA conformance test cases wherein UEs stop transmitting UL signals of FR2 NR SCC (Scell Drop) when set to transmit at maximum power. With regard to this, RAN5 in an LS [1] is requesting RAN4 response on the following questions
a) Whether RAN4 sees a need to define within TS 38.101-2, the aforementioned power backoff parameter which will be used by conformance-only test function?

b) Whether RAN4 can share guidance on any impact on absolute and relative power tolerance accuracy that needs to be factored because of usage of such a conformance-only test function to apply power limits/back-off?
We remark that this mode is for conformance test only, not available to the network for operations in the field.

The intention of the test mode, the UE Power Limit Function (UPLF) is [2]
The UE Power Limit Function is intended for the SS to communicate to the UE to apply a backoff of transmitted power on the NR primary component carrier when in FR2 carrier aggregation mode.  On activation of this test function, the UE shall apply a configured power backoff on the primary component carrier to provide sufficient power head room for the other (secondary) component carrier(s). The UE power limit function is mandatory for applicable UEs operating in Frequency Range 2 (FR2) and supporting UL CA from Rel-16.
A power backoff is applied on the Pcell in order to leave sufficient power for Scells and achieve an equal PSD condition, the value Xmax,f,PCell  depending on the number of UL serving cells configured [2]
6.11

Power Limit messages

6.11.1
ACTIVATE POWER LIMIT REQUEST

The values sent the SS as part of this test function maps to the values defined in Table 6.11.1-1.

For intra-band contiguous FR2 UL-CA scenarios where it is critical to prevent drop of the secondary component carrier(s) due to priorization rules in section 7.5 of TS 38.213, a parameter Xmax,f,PCell  is defined for the Pcell such that

Xmax,i,PCell  = 10 log10(i) for i=1…n component carriers

Xmax,i,PCell  is the back-off in transmit power applied on the primary component carrier fom PCMAX,f,c. This ensure sufficient power allocation is possible on the secondary component carrier(s)

Table 6.11.1-1: Mapping of Xmax,i,PCell  to number of NR FR2 Component Carriers 

	Number of FR2 component carriers
	POWER LIMIT REQUEST message value
	Xmax,i,PCell  (dB)

	2
	1 0 1 0 0 0 0 0
	3.0103

	3
	1 0 1 0 0 0 0 1
	4.771213

	4
	1 0 1 0 0 0 1 0
	6.0206

	5
	1 0 1 0 0 0 1 1
	6.9897

	6
	1 0 1 0 0 1 0 0
	7.781513

	7
	1 0 1 0 0 1 0 1
	8.45098

	8
	1 0 1 0 0 1 1 0
	9.0309


In view of the above we assume that 
· the priority of any transmission secondary cells is not higher than that of the PCell
· the backoff Xmax,f,PCell  is in addition to any MPRc = MPR on the PCell such that the backoff of the total signal is limited to the total MPR
for intra-band UL CA.
According to the priority rules in 38.213: 
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
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 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])

(

ˆ

CMAX

i

P

 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. […] 
the UE shall prioritize power allocation for the PCell, but it is not specified how: SCells may be dropped or scaled, possibly in combination with a reduction of the PCell power. However, for the test function to achieve an ‘equal PSD’ condition it should be ensured that transmissions on the PCell are reduced by at least Xmax,f,PCell dB to provide sufficient power head room for the other (secondary) component carrier(s). This would be achieved by specifying the backoff parameter Xmax,f,PCell in the 38.101-2:
6.2.4

Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power 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 [11].

The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

PPowerclass + DPIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – Xmax,f,PCell – MAX{T(MAX(MPRf,c, A- MPRf,c,) + Xmax,f,PCell), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax – Xmax,f,PCell
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2 , A-MPRf,c as specified in sub-clause 6.2.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. DPIBE is 1.0 dB if UE declares support for mpr-PowerBoost-FR2-r16, UL transmission is QPSK, MPRf,c = 0 and when NS_200 applies and the network configures the UE to operate with mpr-PowerBoost-FR2-r16otherwise DPIBE is 0.0 dB. The requirement is verified in beam peak direction.
The parameter Xmax,f,PCell is a backoff of the PCMAX,f,c and the transmitted power on the primary cell when the UE is configured with intra-band UL CA and the test function UE Power Limit Function is activated. The value of Xmax,f,PCell is specified in [38.509]; Xmax,f,PCell = 0 dB for secondary cells. 
maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes.

Power on the secondary cells can be scaled by the UE as appropriate. Hence, when the test function is activated, then 
1. the Pcmax,f,c and the transmitter power PUMAX,f,c are reduced by a fixed backoff Xmax,f,PCell on top of the MPR applied
2. the Pcmax,f,c of the Scells is not modified but the actual SCell output power may be scaled as allowed by 38.213 when the UE is power limited
3. the PCMAX of the total signal is unchanged, assuming an ‘equal PSD’ is achieved across all UL serving cells with the total power reduced as per the allowed MPR

4. the PHR of the primary cell is modified (since the Pcmax,f,c is changed)

5. the PHR of the secondary cells may not change as part of scaling (behavior unspecified for power prioritization)

The backoff is applied when the test function is activated [3]

SS applies a backoff on the PCell power by activating the UE Power Limit Function (UPLF).  The ACTIVATE POWER LIMIT REQUEST procedure is performed as specified in TS 38.508-1 [10] clause 4.9.30 using condition ‘NR FR2 2CA’. UE shall transmit ACTIVATE POWER LIMIT RESPONSE to SS.
Moreover, a provision in the 38.101-2 should allow verification of the MPR core requirements using the test function, the core requirements are applicable under all conditions (unwanted emissions requirements must be met also for unequal PSD):
6.2A.2.1
General

The UE is defined to be configured for CA operation when it has at least one of UL or DL configured for CA. In CA operation, the UE may reduce its maximum output power due to higher order modulations and transmit bandwidth configurations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2, shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation.
When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2A.4 applyThe requirements in the following clauses are applicable to the following CA configurations:

- intra-band contiguous uplink CA, with the aggregated channel bandwidth no greater than 800 MHz.

- intra-band non-contiguous uplink CA with UL frequency separation no greater than 1400 MHz, and no more than 3 sub-blocks. A sub-block may consist of single CC or multiple contiguous CCs.
- In case the CA configuration consists of a single UL CC, MPR for contiguous UL CA applies and where necessary, BWchannel shall be used as BWchannel_CA.
The requirements for intra-band uplink CA may be verified with the test function UE Power Limit Function (UPLF) [38.509] activated with an additional power backoff on the primary cell as specified in sub-clause 6.2.4.
6.2A.2.2
Maximum output power reduction for power class 1 

Regarding question b, we observe that the core requirements on the power tolerance would be unchanged by the activation of the test function. Only up commands are sent during the test procedure [3]
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec starting from the first TPC command in this step to ensure that the UE transmits at its maximum output power. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
When the test function is active, the Pcell power would be limited by the backoff Xmax,f,PCell following the “up” commands, while the SCell power scaling is up to UE implementation. In case power control on the SCell is not viable for achieving equal PSD across carriers, an additional backoff Xmax,f,c  could be applied to all UL serving cells in case the channel bandwidths are equal (then the total power should be reduced by the specified MPR). 
2 Proposal
We propose to provide the following answers to the questions asked by RAN5 as per the draft LS attached:
a. the backoff used by the test fnction is specified in 38.101-2: configured maximum output power for the Pcell is modified by a backoff Xmax,f,PCell dB to ensure sufficient power head room for the other (secondary) component carrier(s) as intended by the test function. A provision is added in the 38.101-2 to allow verification of the MPR core requirements using the test function.
b. the core requirements on the power tolerance would be unchanged by the activation of the test function. Should power control on the SCell is not be viable for achieving equal PSD across all cells, an additional backoff Xmax,f,c  could be applied to all UL serving cells.
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1. Overall Description:
RAN4 would like to thank RAN5 for the LS in R5-221617 and would like to provide the following response to the questions
a) Whether RAN4 sees a need to define within TS 38.101-2, the aforementioned power backoff parameter which will be used by conformance-only test function?

According to the priority rules in 38.213 clause 7.5, the UE shall prioritize power allocation for the PCell but it is not specified how: SCells may be dropped or scaled, possibly in combination with a reduction of the PCell power. For the test function to ensure that transmissions on the PCell are reduced by at least Xmax,f,PCell dB to provide sufficient power head room for the other component carrier(s), the backoff parameter Xmax,f,PCell will be defined in the 38.101-2 for Rel-16 as follows:

6.2.4

Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power 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 [11].

The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds

PPowerclass + DPIBE – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – Xmax,f,PCell – MAX{T(MAX(MPRf,c, A- MPRf,c,) + Xmax,f,PCell), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by

PTMAX,f,c ≤ TRPmax – Xmax,f,PCell
with PPowerclass the UE power class as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c as specified in sub-clause 6.2.2 , A-MPRf,c as specified in sub-clause 6.2.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. DPIBE is 1.0 dB if UE declares support for mpr-PowerBoost-FR2-r16, UL transmission is QPSK, MPRf,c = 0 and when NS_200 applies and the network configures the UE to operate with mpr-PowerBoost-FR2-r16otherwise DPIBE is 0.0 dB. The requirement is verified in beam peak direction.
The parameter Xmax,f,PCell is a backoff of the PCMAX,f,c and the transmitted power on the primary cell when the UE is configured with intra-band UL CA and the test function UE Power Limit Function is activated. The value of Xmax,f,PCell is specified in [38.509]; Xmax,f,PCell = 0 dB for secondary cells. 
maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes.

Power on the secondary cells can be scaled by the UE as appropriate. Hence, when the test function is activated the RAN4 understanding is that
1. the Pcmax,f,c and the transmitter power PUMAX,f,c are reduced by a fixed backoff Xmax,f,PCell on top of the MPR applied

2. the Pcmax,f,c of the Scells is not modified but the actual SCell output power may be scaled as allowed by 38.213 when the UE is power limited

3. the PCMAX of the total signal is unchanged, assuming an ‘equal PSD’ is achieved across all UL serving cells with the total power reduced as per the allowed MPR

4. the PHR of the primary cell is modified (since the Pcmax,f,c is changed)

5. the PHR of the secondary cells may not change as part of scaling (behavior unspecified for power prioritization)

Moreover, a provision in the 38.101-2 will explicitly allow verification of the MPR core requirements using the test function, the core requirements are applicable under all conditions (unwanted emissions requirements must be met also for unequal PSD):
6.2A.2.1
General

The UE is defined to be configured for CA operation when it has at least one of UL or DL configured for CA. In CA operation, the UE may reduce its maximum output power due to higher order modulations and transmit bandwidth configurations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2, shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation.
When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2A.4 applyThe requirements in the following clauses are applicable to the following CA configurations:

- intra-band contiguous uplink CA, with the aggregated channel bandwidth no greater than 800 MHz.

- intra-band non-contiguous uplink CA with UL frequency separation no greater than 1400 MHz, and no more than 3 sub-blocks. A sub-block may consist of single CC or multiple contiguous CCs.
- In case the CA configuration consists of a single UL CC, MPR for contiguous UL CA applies and where necessary, BWchannel shall be used as BWchannel_CA.
The requirements for intra-band uplink CA may be verified with the test function UE Power Limit Function (UPLF) [38.509] activated with an additional power backoff on the primary cell as specified in sub-clause 6.2.4.
6.2A.2.2
Maximum output power reduction for power class 1 

b) Whether RAN4 can share guidance on any impact on absolute and relative power tolerance accuracy that needs to be factored because of usage of such a conformance-only test function to apply power limits/back-off?

RAN notes that the core requirements on the power tolerance would be unchanged by the activation of the test function and assumes that only up commands are sent during the test procedure. 
When the test function is active, the Pcell power would be limited by the backoff Xmax,f,PCell following the “up” commands, while the SCell power scaling is up to UE implementation. In case power control on the SCell is not viable for achieving equal PSD across carriers, an additional backoff Xmax,f,c  could be applied to all UL serving cells in case the channel bandwidths are equal (then the total power should be reduced by the specified MPR). 
2. Actions:

To RAN5 group.

ACTION: RAN4 asks RAN5 to take the above into account.
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