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1.
Introduction

At the RAN4#62bis meeting, CRs R4-122168 [1] and R4-122164 [2] were agreed, adding eICIC RSRP and RSRQ accuracy RRM tests for FDD non-MBSFN ABS in TS 36.133 [3] Annex A. In the Cell-specific Test parameters table, Es/Iot and Io are derived for RSRP, and Es/Iot, RSRQ, and Io are derived for RSRQ.
The calculation method for Es/Iot, RSRQ and Io in eICIC Test cases, and therefore the values derived, can be different from the normal method used previously for non-eICIC test cases. The calculation method cannot easily be derived from information currently in TS 36.133 v10.6.0 [3] and TS 36.214 v10.1.0 [4].
The calculation method was discussed offline between various participating companies, but does not appear to be formally recorded anywhere. This document aims to record the calculation method, both to check that RAN4 has a common understanding, and to ensure that RAN5 Test Tolerance analyses have a good basis.

At present this document only covers non-MBSFN ABS, but if agreed an update to include MBSFN ABS could be provided. 
2.
Test conditions under Time Domain Measurement Resource Restriction
In general, the RSRP and RSRQ accuracy tests under Time Domain Measurement Resource Restriction have two cells on the same carrier frequency. Cell 1 is the serving cell and also the aggressor cell to Cell 2. Cell 2 is the target cell, and the UE is expected to measure and report RSRP or RSRQ. The cell PCIs are set to give non-colliding CRS. The time-domain measurement resource restriction pattern is designed so that:

· Cell 1 RSRP is measured during normal (non-Almost-Blank) subframes 

· Cell 2 RSRP is measured during the almost blank subframes of Cell 1
· Cell 1 RSRQ is not measured 

· Cell 2 RSRQ is measured during the almost blank subframes of Cell 1
3.
Calculation of Es/Iot
3.1 During Cell 1 ABS
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Figure 1: Resource grids during Cell ABS
During Cell 1 ABS, Cell 1 transmits only CRS, and these do not collide with the CRS for Cell 2. Cell 2 CRS therefore only have interference from AWGN. However Cell 2 transmits in all resource elements, so Cell 1 CRS have interference from both Cell 1 and AWGN.  
· Cell 1 Es/Iot = (Cell 1 CRS power) / (Cell 2 RE power + AWGN power)
· Cell 2 Es/Iot = (Cell 2 CRS power) / (AWGN power) 
3.2 During Cell 1 non-ABS

During Cell 1 non-ABS, Cell 1 transmits in all resource elements, and Cell 2 transmits in all resource elements. Cell 1 and Cell 2 CRS each have interference from both the other Cell and AWGN, so the Es/Iot calculation is the same as for the normal RSRP, RSRQ test cases. 
4.
Calculation of Io
4.1 During Cell 1 ABS

TS 36.133 [3] clause 3.2 defines Io as “The total received power density, including signal and interference”. In the RSRP and RSRQ accuracy tests under Time Domain Measurement Resource Restriction, which use ABS on Cell 1, the Io varies on a symbol basis. The applicable Io is therefore the total received power density, including signal and interference, on the CRS symbol being measured.

This means that for example when calculating the power contribution from Cell 1 during ABS, and referring to Figure 1, only the CRS contribute power. The contribution from Cell 1 is therefore scaled by 2/12:     
· Io = (Cell 1 CRS power x 2/12) + Cell 2 power + AWGN power 

4.2 During Cell 1 non-ABS

During Cell 1 non-ABS, Cell 1 transmits in all resource elements, and Cell 2 transmits in all resource elements. Cell 1 and Cell 2 each contribute full power in all symbols, so the Io calculation is the same as for the normal RSRP, RSRQ test cases. 
4.3 Definition of Io in TS 36.133
The extract below from TS 36.133 [3] clause 9.1.2.3 defines for example Absolute RSRP Accuracy under Time Domain Measurement Resource Restriction. However from the wording of Note 2, shown here with yellow highlight, it is not immediately clear that Io is calculated only on the CRS symbol being measured. The recommendations suggest additional wording in a Note 3. 
9.1.2.3
Absolute RSRP Accuracy under Time Domain Measurement Resource Restriction

The requirements for absolute accuracy of RSRP in this section shall apply to a cell on the same frequency as that of the serving cell when a time domain measurement resource restriction pattern for performing RSRP measurements on this cell is configured by higher layers [2].
<< Some clauses skipped >> 

Table 9.1.2.3-1: RSRP Intra frequency absolute accuracy under time domain measurement resource restriction

	Parameter
	Unit
	Accuracy [dB]
	Conditions1,2

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43
	Bands 2, 5, 7, 41
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	Bands 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( [-4] dB
	dBm
	(6 
	(9
	 -121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -70dBm/ BWChannel
	-118dBm/15kHz … -70dBm/ BWChannel
	-120dBm/15kHz … -70dBm/ BWChannel

	RSRP for Ês/Iot ( [-4] dB
	dBm
	(8
	(11
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel 
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel

	Note 1:
Io is assumed to have constant EPRE across the bandwidth.

Note 2:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.


5.
Calculation of RSRQ
5.1 During Cell 1 ABS

TS 36.214 [4] clause 5.1.3 defines RSRQ in the extract below as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. We note also the comment shown here in green highlight, that under Time Domain Measurement Resource Restriction RSSI is measured over all OFDM symbols in the indicated subframes

5.1.3
Reference Signal Received Quality (RSRQ) 

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.


This means that for example when calculating the RSSI power contribution from Cell 1 during ABS, and referring to Figure 1, only the CRS contribute power but the RSSI is averaged over all OFDM symbols, and hence averaged over all the REs in the subframe. The contribution from Cell 1 is therefore scaled by 8/(14 x 12), because there are 8 CRS in a subframe, and (14 x 12) = 168 REs.
· Cell 2 RSRQ = Cell 2 CRS power /((Cell 1 CRS power x 8/168) + Cell 2 power + AWGN power) 

5.2 During Cell 1 non-ABS

During Cell 1 non-ABS, Cell 1 transmits in all resource elements, and Cell 2 transmits in all resource elements. Cell 1 and Cell 2 each contribute full power in all symbols, so the RSSI calculation, and therefore the RSRQ calculation, is the same as for the normal RSRQ test cases. 
6. Recommendations

Anritsu seeks RAN4 endorsement of the following proposals:
· Proposal 1: RAN 4 confirms that the calculations given here are correct, by technically endorsing this Tdoc
· Proposal 2: For the notes in tables such as TS 36.133 [3] Table 9.1.2.3-1, the applicable Io side condition is clarified by addition of a Note 3:
	Note 1:
Io is assumed to have constant EPRE across the bandwidth.

Note 2:
Io is defined over REs in subframes indicated by the time domain measurement resource restriction pattern configured for performing RSRP measurements of this cell.
Note 3:
When  a cell on a carrier is defined to transmit ABS, the Io varies on a symbol basis during the almost blank subframes. For a measurement of RSRP, the applicable Io side condition is defined for the symbols containing Cell Reference symbols, and the Io is averaged over all the resource elements in that symbol.
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