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1.
Introduction

A number of Tx and Rx Test cases in TS 36.521-1 [1] set the UE uplink power to be within a defined window to ensure the test is carried out in the intended conditions. The Rx test cases include the relevant Test equipment uncertainties in Annex F.1.2, and a derivation of the uplink power window in Annex F.3.2. However some Tx Test cases which set the UE uplink power to be within a defined window have no information in Annex F.1.2 or Annex F.3.2, and it is not clear how the window size is derived.
We also note that some new V2X test cases have been introduced, for example in R5-175085 [3] agreed at RAN5#76, which include sidelink signals in band 47 (5855-5925MHz), beyond the range of the currently specified uncertainties. As these test cases include setting the UE sidelink power to be within a defined window, RAN5 needs a method to decide the window size.  

This Tdoc gives the technical basis for the uplink power window used in Rx test cases, and identifies what is missing for some Tx Test cases. It also considers the way forward for a generic method, including sidelink. 
2.
Uplink power window used in Rx test cases
2.1: Extracts from TS 36.521-1 

For Rx test cases, the Test equipment uncertainties and derivation of the uplink power window can be seen using Test case 7.4, Maximum input level, as an example. Extracts from TS 36.521-1 [1] are shown below for the Test Procedure, Test Requirement, Annex F.1.2 and Annex F.3.2:  
7.4.4.2
Test procedure
SS transmits PDSCH via PDCCH DCI format 1A for C_RNTI to transmit the DL RMC according to Table 7.4.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.

SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0 for C_RNTI to schedule the UL RMC according to Table 7.4.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.

Set the Downlink signal level to the value defined in Table 7.4.5-1. Send Uplink power control commands to the UE (less or equal to 1dB step size should be used), to ensure that the UE output power is within +0, - 3.4 dB of the target level in Table 7.4.5-1 for carrier frequency f ≤ 3.0GHz or within +0, -4.0 dB of the target level for carrier frequency 3.0GHz < f ≤ 4.2GHz, for at least the duration of the Throughput measurement.

7.4.5
Test requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.3.2 with parameters specified in Table 7.4.5-1.

Table 7.4.5-1: Maximum input level

	Rx Parameter
	Units
	Channel bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	For carrier frequency f ≤ 3.0GHz: -25.7

For carrier frequency 3.0GHz < f ≤ 4.2GHz: -26.0

	Note 1:
The transmitter shall be set to 4dB below PCMAX_L with PCMAX_L as defined in clause 6.2.5.

Note 2:
Reference measurement channel is Annex A.3.2 64QAM R=3/4variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


F.1.3
Measurement of receiver

Table F.1.3-1: Maximum Test System Uncertainty for receiver tests

	Subclause
	Maximum Test System Uncertainty1
	Derivation of Test System Uncertainty

	<< Rows skipped >>
	
	

	7.4 Maximum input level
	Downlink power ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz

Uplink power measurement ±0.7 dB, f ≤ 3.0GHz

±1.0 dB, 3.0GHz < f ≤ 4.2GHz
	


F.3.3
Measurement of receiver

Table F.3.3-1: Derivation of Test Requirements (Receiver tests)

	Test
	Minimum Requirement in TS 36.101
	Test Tolerance
(TT)
	Test Requirement in TS 36.521-1

	<< Rows skipped >>
	
	
	

	7.4 Maximum input level
	Signal level -25dBm

T-put limit = 95% of maximum for the Ref Meas channel

Uplink power
	f ≤ 3.0GHz0.7 dB

3.0GHz < f ≤ 4.2GHz

1.0 dB
f ≤ 3.0GHz

0dB, -3.4dB

3.0GHz < f ≤ 4.2GHz

0dB, -4.0dB
	Formula: Maximum input level - TT

Signal level:

f ≤ 3.0GHz: -25.7 dBm

3.0GHz < f ≤ 4.2GHz: -26.0 dBm

T-put limit unchanged

Uplink power measurement window comprises four quantities:

1. UE power step size 1dB

2. UE Power step tolerance ±1dB
3. Test system power measurement at top of window:

f ≤ 3.0GHz ±0.7 dB

3.0GHz < f ≤ 4.2GHz ±1.0 dB.

4. Test system power measurement at bottom of window:

f ≤ 3.0GHz ±0.7 dB

3.0GHz < f ≤ 4.2GHz ±1.0 dB.

Items 1 to 4 are added arithmetically:
Overall UL power window size:

f ≤ 3.0GHz:

 (1dB+1dB+0.7dB+0.7dB) =3.4dB

3.0GHz < f ≤ 4.2GHz:

(1dB+1dB+1dB+1dB) =4dB

Top of window is aligned to UL power requirement, hence +0dB, -3.4dB or +0dB, -4.0dB according to frequency


2.2: Extracts from TS 36.101 

To determine how closely we can set the UE uplink power to its target value, the relevant core requirement has to be identified in TS 36.101 [2]:
6.3.5.2
Relative Power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.

For PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1.

6.3.5.2.1
Minimum requirements

The requirements specified in Table 6.3.5.2.1-1 apply when the power of the target and reference sub-frames are within the power range bounded by the Minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5 (i.e, the actual power as would be measured assuming no measurement error). This power shall be within the power limits specified in subclause 6.2.5.

To account for RF Power amplifier mode changes 2 exceptions are allowed for each of two test patterns. The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in subclauses 6.3.2 and 6.2.2. For these exceptions the power tolerance limit is a maximum of ±6.0 dB in Table 6.3.5.2.1-1

Table 6.3.5.2.1-1 Relative power tolerance for transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5 (NOTE 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	NOTE 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

NOTE 2:
For operating bands under NOTE 2 in Table 6.2.2-1, the relative power tolerance is relaxed by increasing the upper limit by 1.5 dB if the transmission bandwidth of the reference sub-frames is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the target sub-frame is not confined within any one of these frequency ranges; if the transmission bandwidth of the target sub-frame is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the reference sub-frame is not confined within any one of these frequency ranges, then the tolerance is relaxed by reducing the lower limit by 1.5 dB. 

NOTE 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


2.3: Extracts from TS 36.213 

To determine the smallest step using Uplink power control commands, the relevant core requirement has to be identified in TS 36.213 [4]:

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3 to absolute and accumulated 
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[dB] only DCI format 0

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


For a detailed justification other text in TS 36.213 [4] is also relevant, but the key point is that 1dB is the smallest step size that can be used for PUSCH.

2.4: Derivation of the uplink power window 

The information from the core requirements in TS 36.101 [2], TS 36.213 [4] and the Test case in TS 36.521-1 [1] is used to derive the uplink power window. There are 4 stages:

· Find the target value (in this case, 4dB below PCMAX_L, the UE Core requirement side condition)
· Work out how closely we can set uplink power (36.101, 36.213 UE Core requirements)

· Include the effect of test system uncertainty, using the uncertainties in 36.521-1 Table F.1.3-1

· Position the Uplink power measurement window to ensure UE is not tested outside its side condition

This process is shown in the diagram below. The turquoise highlight text relates to 36.521-1 Table F.3.3-1.
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When working out how closely we can set the uplink power, we observe that a step of nominally 1dB might be as low as 0dB, or might be as high as 2dB, from the UE core requirement on Relative Power tolerance in TS 36.101 Table 6.3.5.2.1-1. This test case complies with the conditions in Table 6.3.5.2.1-1 Note 3 as the power step ΔP ≤ 1 dB, so we can use the relative power tolerance for transmission of ±1.0 dB.
The window as derived from the UE core requirement cannot be any smaller, as it could then be impossible to set a value inside it.  

3.
Uplink power window used in existing Tx test cases

In the previous section the method used to derive the uplink power window for an example Rx test case was shown. The 4 stages used in the method will also apply to Tx test cases, although the parameter values and core requirements may be different.

3.1: Status of example Tx Test case 6.5.2.3, In-band emissions for non allocated RB
In the current version of TS 36.521-1, the Test Procedure for Test case 6.5.2.3 includes setting an Uplink power window (for simplicity only the first few test steps for PUSCH are shown):

6.5.2.3.4.2
Test procedure
Test procedure for PUSCH:

1.1
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0 for C_RNTI to schedule the UL RMC according to Table 6.5.2.3.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC

1.2
Send the appropriate TPC commands in the uplink scheduling information to the UE until UE output power is 13.2 dBm ±3.2dB for carrier frequency f ≤ 3.0GHz or 13.5dBm ±3.5 dB for carrier frequency 3.0GHz < f ≤ 4.2GHz.
1.3
Measure In-band emission using Global In-Channel Tx-Test (Annex E)

Here the target value is specified directly in the procedure, so no need to refer to any other parts of the test case. However if we look for the Test System Uncertainty in Annex F.1.2, there is no information:

F.1.2
Measurement of transmitter

Table F.1.2-1: Maximum Test System Uncertainty for transmitter tests

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	<< Rows skipped >>
	
	

	6.5.2.3 In-band emissions for non allocated RB
	±0.8dB

>> No information about UL uncertainties
	


And if we look for derivation of the uplink power window in Annex F.3.2, there is no information:

F.3.2
Measurement of transmitter

Table F.3.2-1: Derivation of Test Requirements (Transmitter tests)

	Test
	Minimum Requirement in TS 36.101
	Test Tolerance
(TT)
	Test Requirement in TS 36.521-1

	<< Rows skipped >>
	
	
	

	6.5.2.3 In-band emissions for non allocated RB
	For general emissions:
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	Formula:

Minimum Requirement + TT

>> No information about Uplink power measurement window


In summary, Test case 6.5.2.3 includes setting an uplink power window, but we have no idea what Test System Uncertainties are required to support it, or how the uplink power window was derived.
For this test case 6.5.2.3, two additional questions arise:
· Should the uplink power window be the same for all of the target UE output powers (for example, test procedure step 1.8 sets -36.8 dBm ±3.2dB)?

· Should the uplink power window be the same in the Test procedure for PUCCH and for PUSCH (we note the Relative Power tolerance core requirements for PUCCH and for PUSCH are different)?

For Test case 6.5.2.3 it is not possible to tell what basis has been used for stages 2 and 3:
· Find the target value (in this case, set by the applicability range of the core requirement)

· Work out how closely we can set uplink power (UE Core requirement on Relative Power tolerance)

· Include the effect of test system uncertainty, using the uncertainties in 36.521-1 Table F.1.2-1

· Position the Uplink power measurement window to ensure UE is not tested outside its side condition

3.2: Status of other Tx Test cases in TS 36.521-1

In the current version of TS 36.521-1, the following Test cases also appear to have missing information about derivation of the uplink power window: 6.3.5.2, 6.3.5.3, 6.5.2.1, 6.5.2.2.

4.
Sidelink power window for new V2X Tx test cases

New V2X test cases such as 6.5.2.3G introduced in R5-175085 [3] include setting a Sidelink power window. We note that test case 6.5.2.3G has a different method of controlling sidelink power, which uses power control parameters signalled in messages:
6.5.2.3G.1.4.2
Test procedure

Test procedure for PSCCH+PSSCH:

[TP1: V2X UE output power > 10dBm]

1.
Set the V2X sidelink communication parameters for both the V2X sidelink capable UE (hereinafter referred to as V2X UE) and SS according to SL-V2X-Preconfiguration in TS36.508[7] subclause Table 6.8.2.1-1 with the exception specified in table 6.5.2.3G.1.4.3-1;

2.
Ensure the UE is in Side link State [5A-V2X], according to TS 36.508 [7] clause [4.5.9] ;

3.
V2X UE schedules the V2X RMC according to SL-V2X-Preconfiguration which is in line with the test configuration in Table 6.5.2.3G.1.4.1-1;

4.
Measure the V2X UE output power to make sure V2X UE transmission power to be 10dBm +/- TT1[TBD] for carrier frequency  f > 5GHz, otherwise go back to step1 after tuning up power control parameters listed in table 6.5.2.3G.1.4.3-1 and Table 6.5.2.3G.1.4.3-2;

5.
Measure In-band emission using Global In-Channel Tx-Test (Annex E)

<< clauses skipped >>
6.5.2.3G.1.4.3
Message contents

Message contents are according to TS 36.508 [7] subclause Table 6.8.2.1-1with the following exceptions:
Table 6.5.2.3G.1.4.3-1: SL-V2X-PreconfigFreqInfo-r14-DEFAULT

	Derivation Path: 36.331 clause 9.3.2

	Information Element
	Value/remark
	Comment
	Condition

	SL-V2X-PreconfigFreqInfo-r14-DEFAULT ::= SEQUENCE {
	
	
	

	    v2x-CommPreconfigGeneral-r14 SEQUENCE {
	
	SL-PreconfigGeneral-r12
	

	      maxTxPower-r12
	10
	
	PSSCH+PSCCH TP1

	
	0
	
	PSSCH+PSCCH TP2

	
	-30
	
	PSSCH+PSCCH TP3,

PSSCH+PSCCH TP4

	      sl-bandwidth-r12
	n50
	10Mhz
	

	
	n100
	20Mhz
	

	      }
	
	
	

	    }
	
	
	

	    v2x-CommPreconfigSync-r14 SEQUENCE {
	
	SL-PreconfigSync-r12
	

	      syncOffsetIndicators-r14 SEQUENCE {
	
	
	

	        syncOffsetIndicator1-r14
	Not Present
	Double synchronization signal transmission
	

	      }
	
	
	

	    }
	
	
	

	    v2x-CommRxPoolList-r14 SEQUENCE (SIZE (1..maxSL-V2X-RxPoolPreconf-r14)) OF SL-V2X-PreconfigCommPool-r14 {
	1 entry
	
	

	      SL-V2X-PreconfigCommPool-r14[1]
	SL-V2X-PreconfigCommPool-r14-DEFAULT using condition BITMAP_6 and exception listed in Table
 Table 6.5.2.3G.1.4.3-2
	
	

	  }
	
	
	

	    v2x-CommTxPoolList-r14 SEQUENCE (SIZE (1..maxSL-V2X-TxPoolPreconf-r14)) OF SL-V2X-PreconfigCommPool-r14 {
	
	
	

	      SL-V2X-PreconfigCommPool-r14[1]
	SL-V2X-PreconfigCommPool-r14-DEFAULT using condition BITMAP_6 and exception listed in Table 6.5.2.3G.1.4.3-2
	
	

	    }
	
	
	

	}
	
	
	


Table 6.5.2.3G.1.4.3-2: SL-V2X-PreconfigCommPool-r14-DEFAULT 
	Derivation Path: 36.331 clause 6.3.8

	Information Element
	Value/remark
	Comment
	Condition

	SL-CommResroucePoolV2X-r14-DEFAULT ::= SEQUENCE {
	
	
	

	  sl-Subframe-r14 CHOICE {
	
	
	

	    bs20-r14
	11111111111111111111
	
	BITMAP_6

	  }
	
	
	

	  sizeSubchannel-r14
	n12
	
	BW10

	
	n18
	
	BW20

	  numSubchannel-r14
	n1
	
	

	  startRB-Subchannel-r14
	As required in the test configuration tables in subclause 6.5.2.3G.1.4.1
	The starting resource block shall be RB #0 and RB# (max+1 - RB allocation) of the channel bandwidth.
	

	  dataTxParameters-r14 SEQUENCE {
	
	
	

	    p0-r12
	31
	It’s set to the maximum value to disable its effect on transmission power.
	PSSCH+PSCCH TP1 , PSSCH+PSCCH TP2，
PSSCH+PSCCH TP3

	
	-53
	
	PSSCH+PSCCH TP4

	  }
	
	
	

	}
	
	
	


	Condition
	Explanation

	BW10
	10 MHz channel bandwidth cell environment

	BW20
	20 MHz channel bandwidth cell environment

	PSSCH+PSCCH TPn
	Test point n for PSCCH+PSSCH defined in the section of test  procedure, n = 1,2,3,4


Although a new method of setting sidelink power is used, we believe the same principle of 4 stages applies:
· Find the target value (in this case, set by the applicability range of the core requirement)

· Work out how closely we can set sidelink power via power control parameters signalled in messages
· Include the effect of test system uncertainty, incorporating new values for 4.2GHz < f ≤ 6.0GHz
· Position the Sidelink power measurement window to ensure UE is not tested outside its conditions
The new features are:

· Setting sidelink power via power control parameters signalled in messages - what resolution is possible, and what core requirements determine how closely the power can be set?
· Different Physical channels are used: PSCCH, PSSCH and PSBCH. What core requirements apply to setting their power?

· Incorporation of test system uncertainties for 4.2GHz < f ≤ 6.0GHz as provided by Anritsu in R5-176256 [5]. The uncertainties may also depend on sidelink power level.
· Each Test case to include Test System Uncertainty values in Annex F.1.2, and derivation of the uplink power window in Annex F.3.2. If complex, a Test Tolerance analysis may be required.   

5.
Conclusion and Way Forward
Section 2 of this Tdoc explains how the uplink power window is derived for Rx test cases, and includes a generic method using 4 stages. Anritsu believe this generic method can be used for Tx test cases that use an uplink power window, and also for V2X and related test cases that use a sidelink power window.
Section 3 of this Tdoc finds that for some Tx Test cases it is not possible to tell how the uplink power window is derived, and that some uncertainties are undefined. This does not necessarily mean that UEs are being tested wrongly, but identifies some missing information in 36.521-1. 

Section 4 of this Tdoc looks at V2X and related test cases that use a sidelink power window, and identifies the work necessary for definition.

· When implementing any new test cases, corresponding to active work items in RAN5#77 and forward, which require uplink power window or sidelink power window, RAN5 is asked to endorse two principles: 

· To use the generic method using 4 stages to derive uplink power window or sidelink power window.

· To record in 36.521-1 Annex F the information about how the uplink power window or sidelink power window was derived.
References

[1] TS 36.521-1 v14.4.0, E-UTRA UE conformance specification, Radio transmission and reception
[2] TS 36.101 v15.0.0, E-UTRA User Equipment (UE) radio transmission and reception
[3] R5-175085, Huawei, Introduction of In-band emissions for non-allocated RB for V2X Communication / Non-concurrent with E-UTRA uplink transmissions in 6.5.2.3G.1
[4] TS 36.213 v10.12.0, E-UTRA Physical layer procedures
[5] R5-176256, Anritsu, Uplink and Sidelink power measurement uncertainties to 6GHz
Page 1

