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1 Introduction

At RAN5#95e meeting the discussions on preventing SCell drop for UL CA FR2 Tx test cases continued. Three options have been identified:

Option 1:  Use of closed loop TPC to control power per CC

Option 2: Test mode function to modify UE power control behaviour (for conformance test only)

Option 3: Wait for RAN4 to define a mechanism to prevent SCell drop
Due to the difficulties with options 1 and 3, the way forward at RAN5#95-e was to proceed with draft CRs for option 2 [7]. 

In this paper we discuss another approach which is similar as option 1 but enhanced by the use of UE Power Headroom Reporting (PHR).
2 Discussion on option 1
At RAN5#95-e Anritsu presented a detailed proposal on how to perform the test with option 1 [8]. Two versions were presented in denoted option 1A and option 1B. Since option 1A may not completely solve the Scell drop issue it is omitted in this paper. 
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The parameter Xmax is the calculated required power backoff from PCmax,f,c to allow for power margin to prevent SCell drop. 

This procedure has some drawbacks:

· The procedure is complex

· Relying on TE power measurements per CC that can be inaccurate. 

· Pw is large (12.6 dB) meaning the per CC power could be small 
· May have testability issue if MPR is large leading to insufficient test coverage

· Relying on good UE relative power control accuracy which cannot be guaranteed since that test case is incomplete
· The last step when power is not increasing anymore could trigger SCell drop and the procedure need to be repeated again.

2.1 Power Headroom Reporting
RAN1 and RAN2 specifications

The UE can be configured to send a Power Headroom Report over MAC CE as defined in TS38.213, TS38.321 and TS38.331

The PHR can be configured as periodic with smallest periodicity 10 subframes (phr-PeriodicTimer) 
If the UE is configured with multiplePHR it reports the PHR on all cells (“for each activated Serving Cell with configured uplink associated with any MAC entity”)
A type 1 PHR is defined in TS38.321 as ”the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell”, with detailed definition in TS38.213:
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If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual
PUSCH transmission then, for PUSCH transmission occasion 7 on active UL BWP b of carrier # of serving cell
¢ the UE computes the Type 1 power headroom report as
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Clause 7.1.1.
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RAN4 specifications

The report mapping of PHR is defined in TS38.133 clause 10.1.17 with 1 dB reporting granularity. 
For intra-band UL CA, the following applies, from TS38.101-2:

· the applicable Ppowerclass is the same for all CCs and for the total UE power (aggregated CCs)

· the MPR and A-MPR on each CC are the same as the corresponding for the total UE power

· the Pcmax,f,c for the PHR calculation is the same on all serving cells c (the actual PH may be different in case the UE applies power prioritization)
The Pcmax is defined as (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.

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, […]

and related to the configured power on each cell as follows

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 carriers f of all serving cells c with non-zero granted power in the respective reference point.

The PCMAX,f,c for each serving cell is the same and PCMAX ≥ PCMAX,f,c (defined in the same plane of reference as the RSRP). Hence if the Pcell is reduced by Xmax + “the actual backoff applied ≤ MPR” from Ppowerclass then there would be sufficient power for the Scells to achieve an ‘equal PSD’ condition and a total power reduced up the the allowed MPR. Then the PHRc = Xmax on all cells. This is examplified in figure below:
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2.2 New method for avoiding SCell drop (Option 1C)
As can be seen from the above formulas, the PHR is the power margin from the PUSCH transmit power Ppusch up to Pcmax,f,c. This means that if PHR>Xmax on all cells the UE should not drop any SCell. 

Observation 1: The UE PHR is based on UE nominal/estimated power meaning it does not include any uncertainties other than the reporting granularity
Observation 2: If PHR on all cells are > Xmax the UE should not drop or scale any SCell

Observation 3: The PHR is the difference from Pcmax to UE calculated PUSCH power Ppusch, meaning it is not including any relative power control tolerance accuracy. 
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It is a major advantage to directly observe the PHR instead of trying to estimate it from UE power measurements. The measurement uncertainty of the TE as well as UE relative power tolerance will be completely removed and complexity in test procedure is greatly improved 

Due to the reporting granularity of 1 dB for PHR we cannot guarantee that the UE transmits at max power, it may transmit at up to 1 dB lower than max power. This may have an additional effect that the power tolerance T(ΔP) in some cases can increase as well. The total effect (lower output power allowed, PumaxL) depends on MPR and is between 1 and 3 dB as indicated in the table below.

	Min Peak EIRP
	MPR
	Option 2 (test mode)
	Option 1C (PHR+TPC)
	PumaxL difference (dB)

	
	
	T(MPR)
	PumaxL
	MPR+deltaPHR
	T(MPR+deltaPHR)
	PumaxL
	

	22.4
	0
	0
	22.4
	1
	1.5
	19.9
	-2.5

	22.4
	0.5
	1.5
	20.4
	1.5
	1.5
	19.4
	-1

	22.4
	1
	1.5
	19.9
	2
	1.5
	18.9
	-1

	22.4
	1.5
	1.5
	19.4
	2.5
	2
	17.9
	-1.5

	22.4
	2
	1.5
	18.9
	3
	2
	17.4
	-1.5

	22.4
	2.5
	2
	17.9
	3.5
	3
	15.9
	-2

	22.4
	3
	2
	17.4
	4
	3
	15.4
	-2

	22.4
	3.5
	3
	15.9
	4.5
	4
	13.9
	-2

	22.4
	4
	3
	15.4
	5
	4
	13.4
	-2

	22.4
	4.5
	4
	13.9
	5.5
	5
	11.9
	-2

	22.4
	5
	4
	13.4
	6
	5
	11.4
	-2

	22.4
	5.5
	5
	11.9
	6.5
	5
	10.9
	-1

	22.4
	6
	5
	11.4
	7
	5
	10.4
	-1

	22.4
	6.5
	5
	10.9
	7.5
	5
	9.9
	-1

	22.4
	7
	5
	10.4
	8
	5
	9.4
	-1

	22.4
	7.5
	5
	9.9
	8.5
	5
	8.9
	-1

	22.4
	8
	5
	9.4
	9
	5
	8.4
	-1

	22.4
	8.5
	5
	8.9
	9.5
	5
	7.9
	-1

	22.4
	9
	5
	8.4
	10
	5
	7.4
	-1

	22.4
	9.5
	5
	7.9
	10.5
	7
	4.9
	-3

	22.4
	10
	5
	7.4
	11
	7
	4.4
	-3

	22.4
	10.5
	7
	4.9
	11.5
	7
	3.9
	-1

	22.4
	11
	7
	4.4
	12
	7
	3.4
	-1

	22.4
	11.5
	7
	3.9
	12.5
	7
	2.9
	-1

	22.4
	12
	7
	3.4
	13
	7
	2.4
	-1

	22.4
	12.5
	7
	2.9
	13.5
	7
	1.9
	-1

	22.4
	13
	7
	2.4
	14
	7
	1.4
	-1


2.3 How to ensure constant UE PHR in test case 

As seen in clause 2.1 the PHR per CC is Pcmax,f,c – Ppusch,b,f,c.  Pcmax,f,c should be constant if the modulation and allocation is constant. Ppusch,b,f,c is more complex and depend on the following factors:
	Factor
	Comment
	Value
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	Equal to p0-NominalWithGrant in this case
	constant -90 dBm
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	Number of PRBs
	constant
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	PL is the UE pathloss estimate which may change at any time. To prevent this from affecting UE power, alpha need to be set to 0
	Need message exception in test cases to set alpha =0, then this factor is equal to zero
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 is provided by deltaMCS.  
	Since deltaMCS is not present, equal to zero
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	PUSCH power control adjustment state. 
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 is the TPC command

	Since tpc-Accumulation is not present this is affected by the TPC command sent to the UE


Observation 4: The only factor varying over time in the UE PUSCH power in the Tx test cases with constant allocation is the TPC command if setting alpha =0, implying no issues with SCell drops in slots without TPC commands sent should be expected.
The calculation of the values in the table above is based on the default settings in TS 38.508-1, which are copied below.

[image: image18.png]Table 4.6.3-119: PUSCH-ConfigCommon

Derivation Path: TS 38.331 [6], clause 6.3.2

Information Element

Value/remark

Comment

Condition

PUSCH-ConfigCommon = SEQUENCE {

groupHoppingEnabledTransformPrecoding

Not present

pusch-TimeDomainAllocationList

PUSCH-

TimeDomainResourceAllocationList

msg3-DeltaPreamble

1

p0-NominalWithGrant

90

3

- PUSCH-PowerControl

Table 4.6.3-120: PUSCH-PowerControl

Derivation Path: TS 38.331 [6], clause 6.3.2

Information Element Valusiremark Comment Condition
PUSCH-PowerControl -= SEQUENCE {
tpc-Accumulation Not present
msg3-Alpha alpha0g
p0-NominalWithoutGrant -90
p0-AlphaSets SEQUENCE (SIZE (L.maxNrofP0- | 1 entry
PUSCH-AlphaSets)) OF PO-PUSCH-AlphaSet {
PO-PUSCH-AlphaSet[1] SEQUENCE { entry 1
p0-PUSCH-AlphaSetld 0
p0 0 I
alpha alpha0g
}
}
pathiossReferenceRSToAddModList SEQUENGE | 1 entry
(SIZE (1.maxNrofPUSCH-PathlossReferenceRSs))
OF PUSCH-PathlossReferenceRS {
PUSCH-PathlossReferenceRS][1) SEQUENCE { entry 1
pusch-PathiossReferenceRS-Id 0
referenceSignal CHOICE(
ssb-Index SSB-Index
}
}
}
pathiossReferenceRSToReleaseList Not present
twoPUSCH-PC-AdjustmentStates Not present
deltaMCS Not present
S-PUSCH-Mapping ToAddNodList SEQUENCE Tentry
(SIZE (1.maxNrofSRI-PUSCH-Mappings)) OF SRI-
PUSCH-PowerControl
SRI-PUSCH-PowerControl[ 1] SEQUENCE { entry 1
si-PUSCH-PowerControlld 0
si-PUSCH-PathiossReferenceRS-1d 0
5i-PO-PUSCH-AlphaSetid 0
sii-PUSCH-ClosedLoopindex i0

}

}

sti-PUSCH-Mapping ToReleaseList

Not present

1





2.4 Option 1C vs Option 2
As previously mentioned RAN5 has chosen option 2 as the way forward. However, considering the advantages with Option 1C suggested in this paper and the fact it can be used by Rel-15 UEs, we propose to use this approach as a short-term solution until test mode solution is in place. Test mode implementation in both UEs and TE may take considerable time.
Benefits with option 1C:

· Test result is more relevant since conformance test is performed without test mode in a mode of operation same as in the field.

· No UE impact and can be used from Rel-15

Benefits with option 2:

· Even simpler and potentially more stable procedure 

· Ensure testing at max power (although some UE power control functionality may be disabled)

3 Proposal
It is proposed for RAN5 to study feasibility of the new option 1C presented in this paper which use PHR until the test mode solution is available. The test procedure can contain both solutions. This can quickly unblock UL CA testing for all UEs from Rel-15 while still not delaying the test mode solution. Draft-CR showing changes to the CA MPR test case in TS38.521-2 is provided in [9]
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Option 1B procedure: 


Send TPC up on PCell to reach Pcmax. Scells will drop


Reduce PCell power at least Xmax dB (range: -Xmax … -Xmax-Pw). 


Send TPC on SCells to so that each SCell transmits less than (Pcmax-Xmax) 


After this step the UE is transmitting on all cells but the power may not be at maximum


Send TPC UP commands to one CC at the time until total power does not increase anymore


After this step the UE is transmitting at maximum and Scells should not be dropped





Option 1C procedure:


Configure PHR with 10 subframes periodicity.


Send TPC commands once per 10 subframes after receiving PHR until Xmax≤PHR<Xmax+1 dB on all CCs
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