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The problem with narrow RSRQ measurement bandwidth in particular network deployment scenarios was first addressed at the RAN4#60 meeting [1], and has been at subsequent meetings. The general structure of test cases, test case parameters, as well as the required assistance from the network was discussed at the RAN4#64, RAN4#64bis, RAN4#65, RAN4#66 and RAN4#66bis meetings – see e.g. our contribution for the latter [3]. 
At RAN4#66bis a way forward was agreed [4] where it was stated that for testing of wideband RSRQ, the following configuration shall be used for the victim cell:
· CRS of antenna port 0 and 1 are transmitted
· PSS/SSS/PBCH are transmitted
· all other REs are set to zero power
Moreover the following test parameters are to be used for Ês/Iot1 ≥ -3dB:
· Y ≥ 5dB
· X TBD
· Ês/Iot2 TBD
· Exact value of Y, X, Ês/Iot2 will be decided at the #67 meeting.
Further:
· There is no limitation for UE implementation on the number of RBs used for wider bandwidth RSRQ measurements as long as more than 6 RBs are used.
· The basis for the ideal wideband RSRQ value under non-constant Io across the channel bandwidth is FFS
· Measurement accuracy is the difference between ideal wideband RSRQ and measured wideband RSRQ. 
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In this contribution we provide our considerations on test parameters.
Test Parameters
Minimum number of RBs to assume
It has been agreed that Wideband RSRQ measurement shall be applicable for AllowedMeasBandwidth of 10 MHz or larger. Moreover it has been agreed that the requirements apply for AllowedMeasBandwidth of 50 RBs [2]. We therefore propose that the assumed number shall be 50 RBs. It shall be noted that this figure is relevant when setting parameter Y in the requirements,
Wideband RSRQ ≤ Reference RSRQ – Y dB
but otherwise does not force the UE towards a particular implementation. 
Proposal 1: The assumed number of RBs upon which the ideal WB-RSRQ value is based shall be M = 50. Note that this figure impacts the value that shall be used as reference in test cases, but otherwise does not imply a particular UE implementation.
Test configuration – low-loaded victim cell
The following assumptions are made regarding the E-UTRAN cell to be measured:
· The cell is completely muted except for CRS from Tx ports 0 and 1, synchronization signals, and PBCH. 
· Allowed measurement bandwidth is M=50resource blocks.
· Within the central N=6 resource blocks, the interference experienced due to neighbour cells etc is: Iot2
· Outside the central N=6 resource blocks, the interference experienced due to neighbour cells etc is: Iot1
The RSRQ values as would be measured over the central 6 resource blocks by a legacy UE without support for WB-RSRQ is referred to as Reference RSRQ value and can be expressed as

for OFDM symbols without PBCH, and 

for OFDM symbols carrying PBCH. The WB-RSRQ can be calculated as

for OFDM symbols without PBCH, and

for OFDM symbols carrying PBCH, where M denotes the number of RBs over which WB-RSRQ is calculated. The difference between the RSRQ values can be expressed as
, and 

for OFDM symbols without and with PBCH, respectively. The difference in power levels can be expressed as 

, and 
, 
for OFDM symbols without and with PBCH, respectively.
For the testing we propose the following values to be used:
· M = 50 RBs measurement bandwidth for WB-RSRQ
· CRS: 
· Ês/Iot1  -3 dB
· RS Ês/Iot2  17 dB
· SCH: 
· Ês/Iot2  17 dB
· PBCH:
· Ês/Iot2 17 dB
· All other REs: 
· Ês/Iot1 -∞ dB
· Ês/Iot2 -∞ dB
and consider 3 scenarios:
· Scenario 1: (Extreme) All RSRQ measurements are carried out in OFDM symbols that are not carrying PBCH.
· Scenario 2: (Extreme) All RSRQ measurements are carried out in OFDM symbols that are carrying PBCH.
· Scenario 3: All RSRQ measurements are carried out in subframe 0 (1 out of 4 OFDM symbols carrying PBCH for normal cyclic prefix and 2 out of 4 for extended cyclic prefix)  

	Alternative
	Reference RSRQ 
[dB]
	Wideband RSRQ
[dB]
	Reference RSRQ – Wideband RSRQ
[dB]
	 
[dB]

	1. All RSRQ measurements are carried out in OFDM symbols that are not carrying PBCH.
	-6.27
	-14.00
	7.72
	8.19

	2. All RSRQ measurements are carried out in OFDM symbols that are carrying PBCH.
	-10.88
	-14.16
	3.28
	3.59

	3. All RSRQ measurements are carried out in subframe 0 (1 out of 4 OFDM symbols carrying PBCH for normal cyclic prefix and 2 out of 4 for extended cyclic prefix)  
	   -7.05 (NCP)
   -7.99 (ECP)

	  -14.04 (NCP)
  -14.08 (ECP)
	6.99 (NCP)
6.09 (ECP)
	



Observation 1: For RSRQ calculated using only OFDM symbols that do not carry PBCH the test is conclusive since Reference RSRQ – Wideband RSRQ > 5 dB. For RSRQ that is calculated using only OFDM symbols carrying PBCH, the test will be inconclusive since Reference RSRQ-Wideband RSRQ < 5 dB. For RSRQ calculated as linear average over four measurements in subframe 0 (where PBCH is transmitted) the test will be conclusive since Reference RSRQ – Wideband RSRQ > 5 dB.
A UE is allowed to measure RSRP over the signaled AllowedMeasBandwidth, which in case of testing of WB-RSRQ is to be set to 50 RBs [2], hence a UE implementation may carry out RSRP and RSRQ measurements over fewer OFDM symbols than otherwise needed to achieve a particular accuracy. Additionally since the UE may have to assume full MBSFN configuration in the target cell, and may have to carry out a full gain search (may require the equivalence of a full unicast subframe) before carrying out RSRP and RSRQ measurements, in RRC_CONNECTED it may be so that the UE in practice only can address subframe 0 or parts thereof due to target cell timing relative to the measurement gap. To prevent that the UE does measurements according to Scenario 2, one would have to introduce restrictions on which OFDM symbols the UE is allowed to measure RSRQ.
Observation 2: It cannot be ruled out that UE implementations will do measurements according to Scenario 2 due to timing relation between measurement gap and the target cell. Moreover the UE is allowed to measure over the full AllowedMeasBandwidth and hence may use fewer OFDM symbols than if measuring over only the central 6 RBs and still achieve the same accuracy  for RSRP. Preventing Scenario 2 to happen would require restrictions to be put on in which OFDM symbols the UE is allowed to measure RSRP and RSRQ.
Given that the UE already has only a few OFDM symbols to do measurements on due to constrained radio time in measurement gaps when taking potential MBSFN into account, it does not seem reasonable to restrict UE implementations further just for the purpose of testing a feature such as this. Hence we propose rather to set PBCH REs to Ês/Iot2 -∞ dB.
Proposal 2: It is proposed to mute PBCH in the target inter-frequency/inter-RAT neighbor cell to avoid inconclusive testing while at the same avoiding putting further restrictions on the UE on for which OFDM symbols to carry out RSRP and RSRQ measurements.
The proposed test parameters are as follows.
Proposal 3: The following test parameters are to be used: CRS/PSS/SSS Ês/Iot2 = 17 dB, PBCH Ês/Iot2 -∞ dB, X = 8.2 dB, Y = 5 dB.
Using the proposed parameters, one can find that also for M = 25 and M = 15 RBs Reference RSRQ – Wideband RSRQ>5 dB is fulfilled (7.20 and 6.39 dB, respectively). Hence the test will be conclusive also for UE using less than 50 RBs measurement bandwidth for WB-RSRQ. However we still suggest that the reference value for the ideal WB-RSRQ shall be based on M = 50 RB, but as stated in Proposal 1, this is just a matter of definition of a reference value.
Conclusions
We have provided our considerations on test parameters, summarized by the following proposals: 
Proposal 1: The assumed number of RBs upon which the ideal WB-RSRQ value is based shall be 50. Note that this figure impacts the value that shall be used as reference in test cases, but otherwise does not imply a particular UE implementation.
Proposal 2: It is proposed to mute PBCH in the target inter-frequency/inter-RAT neighbor cell to avoid inconclusive testing while at the same avoiding putting further restrictions on the UE on for which OFDM symbols to carry out RSRP and RSRQ measurements.
The proposed test parameters are as follows.
Proposal 3: The following test parameters are to be used: CRS/PSS/SSS Ês/Iot2 = 17 dB, PBCH Ês/Iot2 -∞ dB, X = 8.2 dB, Y = 5 dB.
If these proposals are accepted it will be possible to get conclusive test results on whether a UE is supporting WB-RSRQ without putting further restrictions on the UE regarding which OFDM symbols it is allowed to use for RSRP and RSRQ measurements.
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