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1.
Introduction

At RAN4 #59 in Barcelona, CR [1] was agreed, which changes the method of detecting whether the UE is, or is not, transmitting on the uplink. Instead of detecting CQI reports, the UE is considered to be transmitting if it generates any power higher then the UE “off” power. The content of the transmission is not important. 
The change for RRM specification TS 36.133 is given below as an extract from [1].
First a general statement for these test cases:

A.7.3
Radio Link Monitoring

In the following section, any uplink signal transmitted by the UE is used for detecting the In-/Out-of-Sync state of the UE.  In terms of measurement, the uplink signal is verified on the basis of the UE output power:
-
UE output power higher than Transmit OFF power -50 dBm (as defined in TS 36.101 [5] clause 6.3.3.1) means uplink signal
-
UE output power equal to or less than Transmit OFF power -50 dBm (as defined in TS 36.101 [5] clause 6.3.3.1) means no uplink signal
Then the Test requirements detail when the test system should monitor the uplink power, for example:

A.7.3.1.2
Test Requirements

The UE behaviour in each test during time durations T1, T2 and T3 shall be as follows:
During time duration T1 and T2 the UE shall transmit uplink signal at least in all subframes configured for CQI transmission according the configured CQI reporting mode (PUCCH 1-0).
The UE shall stop transmitting uplink signal within 240ms from the start of the time duration T3.
This test system is therefore required to compare the UE uplink power with a threshold, over a range of level that must include the UE OFF power of -50dBm. A suitable choice of nominal uplink power is needed to avoid problems with dynamic range, and ensure a reliable test verdict. This discussion paper proposes how the uplink power should be set, and test limit values.
2.
Uplink signal levels
2.1 Choice of uplink signal level and signalled parameters
The choice of uplink signal level is governed by the following factors:

· When transmitting, the UE output power should be within the controlled power range 
· The UE uplink absolute power Tolerance should be taken into account.
· The Test system uncertainty when generating the downlink power should be taken into account, as this affects the UE calculation of path loss, and therefore of uplink power 
· The Test system uncertainty when measuring the uplink power should be taken into account
· Within the above constraints, the required dynamic range in the Test system should be minimised 
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Power level considerations
In all the RLM test cases 7.3.x in TS 36.133 [2] the Periodic CQI reporting mode is set to PUCCH 1-0. The power level of the PUCCH is determined according to clause 5.1.2.1 in TS 36.213 [3]:
5.1.2.1
UE behaviour

The setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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The IE p-Max is not present for the default SIB1 specified in TS 36.508 [5] Table 4.4.3.2-3, so assuming no MPR, A-MPR or ΔTC PCMAX is effectively PPowerClass. As explained later we aim to set the uplink signal well below PPowerClass, so for fixed signal levels without power control and well below PPowerClass we can simplify to: 
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P0_PUCCH has two components P0_NOMINAL_PUCCH and P0_UE_PUCCH corresponding to the signalled parameters p0-NominalPUCCH and p0-UE-PUCCH in the UplinkPowerControl message defined in TS 36.331 [4] clause 6.3.2. They currently have the default values -117dBm and 0dB, defined in TS 36.508 [5] Tables 4.6.3-25 and 4.6.3-26 respectively. They are summed to give a value of -117dBm.
ΔF_PUCCH is defined by the signalled parameter deltaF-PUCCH-FormatX in the UplinkPowerControl message defined in TS 36.331 [6] clause 6.3.2. To find the default value we need to determine the PUCCH payload and format. From TS 36.213 [3] Table 7.2.2-3 we see that to report wideband CQI with no PMI (PUCCH 1-0) we use PUCCH Report type 4, which has a payload of 4 bits. TS 36.211 [9] Table 5.4-1 tells us that PUCCH format should be 2, 2a or 2b all of which have 0dB (deltaF0) according to TS 36.508 [7] Table 4.6.3-25. So this term can be taken as 0dB, and need not be considered further. 
The term 
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 depends on the number of payload (information) bits, as in TS 36.213 [3] clause 5.1.2.1:
· 
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 is a PUCCH format dependent value, where 
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 corresponds to the number information bits for the channel quality information defined in section 5.2.3.3 in [4] and 
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 is the number of HARQ bits.

· For PUCCH format 1,1a and 1b 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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For nCQI = 4 bits, 10 log10(4/4) evaluates to 0, So this term can be taken as 0dB, and need not be considered further.

In TS 36.213 [3] clause 5.1.1.1 (for PUSCH) PL is defined as:

· PL is the downlink pathloss estimate calculated in the UE in dB and PL = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [5] and the higher layer filter configuration is defined in [11]
referenceSignalPower is defined by the signalled parameter referenceSignalPower in the PDSCH-Config message defined in TS 36.331 [4] clause 6.3.2. It currently has the default value +18dBm, defined in TS 36.508 [5] Table 4.6.3-5.

RSRP depends on the SNR used for the specific time period during the test. For example in Test case 7.3.1 Test 1:
During T1 the RSRP is (-98dBm – 4.1dB) = -102.1dBm, giving PL = (18dBm – (-102.1dBm)) = 120.1dB 
During T3 the RSRP is (-98dBm – 14.1dB) = -112.1dBm, giving PL = (18dBm – (-112.1dBm)) = 130.1dB

Putting these figures together, we get:

During T1 the predicted PUCCH power is (-117dBm + 120.1dB + 0) = 3.1dBm
During T1 the predicted PUCCH power is (-117dBm + 130.1dB + 0) = 13.1dBm
These figures are quite high, and could be at least 9dB higher because of the ±9dB UE uplink absolute power Tolerance, which would give about +22dBm. The test equipment would need to measure both the highest uplink power produced by the UE, and the “off” power of -50dBm to confirm that the UE is not transmitting. This range of 72dB is quite hard to achieve with a single setting of a signal analyser, so to ease test system implementation it is desirable to reduce the required dynamic range. This can be done by a suitable choice of parameters, whilst still fulfilling the test purpose.
To assess the range of RSRP levels used across the range of RLM tests 7.3.x, we need to look at the Noc values and SNR values specified in TS 36.521-3 [6]. All tests use -98dBm Noc, with SNR values as below:

Test 7.3.1: lowest SNR value -14.1dB, highest SNR value -0.6dB
Test 7.3.2: lowest SNR value -13.1dB, highest SNR value -0.6dB

Test 7.3.3: lowest SNR value -13.8dB, highest SNR value -0.6dB

Test 7.3.4: lowest SNR value -12.8dB, highest SNR value -0.6dB

Test 7.3.5: lowest SNR value -14.1dB, highest SNR value -1.4dB

Test 7.3.6: lowest SNR value -14.1dB, highest SNR value -4.1dB

Test 7.3.7: lowest SNR value -13.7dB, highest SNR value -1.4dB

Test 7.3.8: lowest SNR value -13.7dB, highest SNR value -4.5dB

Overall: lowest SNRmin value -14.1dB, highest SNRmax value -0.6dB
Assuming that the same referenceSignalPower, p0-NominalPUCCH and p0-UE-PUCCH are signalled for all tests, the UE estimate of PL (path loss), and hence UE uplink power, will vary over a range of 13.5dB. Taking into account the requirements identified earlier:
· When transmitting, the UE output power should be within the controlled power range 
· Within the above constraints, the required dynamic range in the Test system should be minimised 

We need to consider the highest RSRP case, which occurs with SNRmax, because this will give the lowest path loss and the lowest UE uplink power. Combining the equations for PPUCCH and path loss, we get:  

PPUCCH_min = (p0-NominalPUCCH + p0-UE-PUCCH) + (referenceSignalPower – (Noc + SNRmax))

As identified earlier, the effect of UE uplink power accuracy and Test equipment downlink level uncertainty can be taken into account at this stage:
· The UE uplink absolute power Tolerance should be taken into account.
· The Test system uncertainty when generating the downlink power should be taken into account, as this affects the UE calculation of path loss, and therefore of uplink power 

The UE uplink absolute power Tolerance UEul_abs_tol is ±9dB (from TS 36.101 [7] clause 6.3.5.1, normal conditions) The Test equipment downlink level uncertainty TEdl_uncert is ±1.4dB (allowing ±0.9dB for largest SNR uncertainty and a proposed ±1.0dB for absolute Noc uncertainty which is not currently specified in TS 36.521-3 [6] Table F.1.2-1, then combining root-sum-square).  

PPUCCH = (p0-NominalPUCCH+p0-UE-PUCCH) +(referenceSignalPower –Noc -SNRmax) ±UEul_abs_tol ±TEdl_uncert
To reduce UL power for a given RSRP, we can change any of the signalled parameters p0-NominalPUCCH, p0-UE-PUCCH or referenceSignalPower. It turns out to be easiest to change referenceSignalPower, which seems a logical choice because it will also reduce the power of any other uplink transmission.

To calculate the required referenceSignalPower the equation can be rearranged and the limit values chosen:
referenceSignalPower  = PPUCCH_min - p0-UE-PUCCH - p0-NominalPUCCH +Noc +SNRmax +UEul_acc +TEdl_uncert  

referenceSignalPower = (-40dBm –(-117dBm) –0dB -98dBm -0.6dB +9dB +1.4dB) = -11.2dBm
As referenceSignalPower is an integer variable, round to -11dBm. In the test procedure, we would therefore specify an exception:
Table xx: PDSCH-ConfigCommon-DEFAULT: Additional E-UTRAN FDD - RLM test requirement

	Derivation Path: TS 36.508 [7] clause  4.6.3, Table 4.6.3-5 PDSCH-ConfigCommon-DEFAULT

	Information Element
	Value/remark
	Comment
	Condition

	PDSCH-ConfigCommon-DEFAULT ::= SEQUENCE {
	
	
	

	  referenceSignalPower
	-11 (dBm)
	
	


2.2 Check of required dynamic range
We can use the equation derived previously to check the maximum and minimum PUCCH powers, now using the revised values:

PPUCCH_max = (p0-NominalPUCCH+p0-UE-PUCCH) +referenceSignalPower –Noc -SNRmin +UEul_abs_tol +TEdl_uncert
PPUCCH_max = -117dBm + 0dB -11dBm – (-98dBm) – (-14.1dB) +9dB +1.4dB) = -5.5dBm
PPUCCH_min = (p0-NominalPUCCH+p0-UE-PUCCH) +referenceSignalPower –Noc -SNRmax -UEul_abs_tol -TEdl_uncert
PPUCCH_min = -117dBm + 0dB -11dBm – (-98dBm) – (-0.6dB) -9dB -1.4dB) = -39.8dBm
The dynamic range required in the test equipment is therefore (-50dBm – (-5.5dBm)) = 44.5dB, just a little higher than the initial estimate from the graph. 
3.
Test system uncertainties when measuring uplink power
The Test system uplink level uncertainty for the UE OFF power measurement is ±1.5dB as specified for Test 6.3.3 Transmission ON/OFF Power in TS 36.521-1 [8] Table F.1.2-1. It seems reasonable to use this same value for measurement of the uplink signal in TS 36-521-3 test cases 7.3.x.
As a conformant UE will have an OFF power lower than -50dBm, and the Test system uplink measurement uncertainty is ±1.5dB, the threshold for deciding whether the UE is transmitting or not should be set to (-50dBm +1.5dB) = -48.5dB. This ensures that good UE would not fail the test for the case when it should not be transmitting. As all the ON powers for a conformant UE are designed to be above -40dBm, including the effect of Test system downlink power measurement uncertainty, there should be no risk of an incorrect test verdict for the case when the UE should be transmitting.
4. Summary and recommendations

The key points to change in the design of Test cases 7.3.x are summarised below:
· Proposal 1: The statements in TS 36.521-3 clauses 7.3 and A.7.3.x.2
Test Requirements are changed to align with changes to the core specification as in R5-112443
· Proposal 2: The Test system downlink Noc uncertainty for tests 7.3.x is specified in TS 36.521-3 Table F.1.2-1 as ±1.0dB
· Proposal 3: The Test system uplink power measurement uncertainty for tests 7.3.x is specified in TS 36.521-3 Table F.1.2-1 as ±1.5dB
· Proposal 4: The referenceSignalPower for tests 7.3.x is specified in TS 36.521-3  as -11dBm.
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Annex A: Full equation for determining PUCCH power
A.1. Extract from TS 36.213 [5]
5.1.2.1
UE behaviour

The setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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where 

· 
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is the configured UE transmitted power defined in [6]

· The parameter 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 [3].

· 
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 is a PUCCH format dependent value, where 
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 corresponds to the number information bits for the channel quality information defined in section 5.2.3.3 in [4] and 
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· For PUCCH format 1,1a and 1b 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix 
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· For PUCCH format 2 and extended cyclic prefix 
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· 
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 is a parameter composed of the sum of a cell specific parameter 
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 provided by higher layers and a UE specific component 
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 provided by higher layers.

· 
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 is a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI format 1A/1B/1D/1/2A/2 or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI.

· The UE attempts to decode a PDCCH of DCI format 3/3A with the UE’s TPC-PUCCH-RNTI and one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2 with the UE’s C-RNTI or SPS C-RNTI on every subframe except when in DRX.

· If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2 and the corresponding detected RNTI equals the C-RNTI or SPS C-RNTI of the UE, the UE shall use the 
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 provided in that PDCCH.

else 

· if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the 
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 provided in that PDCCH

else the UE shall set 
[image: image29.wmf]PUCCH

d

 = 0 dB.

· 
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 is the current PUCCH power control adjustment state.

· For FDD, 
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· For TDD, values of 
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 are given in Table 10.1-1.
· The 
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 dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2 are given in Table 5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A is validated as an SPS activation PDCCH, or the PDCCH with DCI format 1A is validated as an SPS release PDCCH, then 
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 is 0dB.

· The 
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 dB values signalled on PDCCH with DCI format 3/3A are given in Table 5.1.2.1-1 or in Table 5.1.2.1-2 as semi-statically configured by higher layers.

· The initial value of 
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· If 
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 value is changed by higher layers, 

· 
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· where 
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 is the TPC command indicated in the random access response, see Section 6.2 and

· 
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 is the total power ramp-up from the first to the last preamble provided by higher layers

· If UE has reached maximum power, positive TPC commands shall not be accumulated

· If UE has reached minimum power, negative TPC commands shall not be accumulated

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when 
[image: image45.wmf]O_UE_PUCCH

P

 value is changed by higher layers
· when the UE receives a random access response message

· 
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 is not an uplink subframe in TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2/3 to 
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 values.

	TPC Command Field in

DCI format 1A/1B/1D/1/2A/2/3
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 [dB]

	0
	-1

	1
	0

	2
	1

	3
	3


Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to 
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 values.

	TPC Command Field in

DCI format 3A
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 [dB]

	0
	-1

	1
	1
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