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1 Introduction
In this contribution we discuss testing for new RSRQ, and propose a test case list and detailed parameter settings for new RSRQ testing. The approach is based on the way forward which was agreed in [1]. The main aspects already agreed in the WF are: 
	· Introduce new accuracy tests to verify that UE has implemented the new RSRQ definition.

· Test Condition
· Synchronous Cells
· Light load (in order to make the difference between legacy and new RSRQ sufficiently large)
· Concrete method is FFS.
· Only Non-DRX states
· Only narrow bandwidth measurement
· Either Inter-frequency or Intra-frequency or both is FFS
· Test cases for reporting delay will not be needed. 

· The existing RSRQ tests are also applied when UE is using the new RSRQ definition


2 Discussion

From the way forward, the main issues to be decided are the concrete test method (which should make the difference between legacy and new RSRQ sufficiently large) and whether to introduce inter-frequency, or intrafrequency new RSRQ tests, or both. It should be noted that the WF indicates “The existing RSRQ tests are also applied when UE is using the new RSRQ definition”. . Considering the necessary test coverage at high level, two main objectives can be envisaged
· Verification that a UE follows the new RSRQ definition, ie measures RSSI in all symbols of the subframe

· Verification that the UE meets the expected measurement accuracy when new RSRQ is configured

It seems quite challenging to design a single test case which can fulfil  both objectives. To verify that a UE follows the new RSRQ definition, it is necessary to have different interference conditions in different symbols of each subframe and to use low loading as is discussed in more detail in the next section . Necessarily, this kind of test cannot verify RSRQ accuracy when all symbols have low SNR, which would be expected in an accuracy test.
Discussion on design principles for test to verify UE follows new RSRQ definition  
In principle the test should have a different RSSI on CRS symbols and non CRS symbols, such that a bad UE implementation which only averages over the CRS symbols would have at least 5dB different RSRQ measurement compared to a UE which correctly averages over all symbols. 5dB difference in RSRQ is needed because RSRQ absolute accuracy is specified as ±2.5dB for Es/Iot≥-3dB. To control the environment and ensure that RSSI can be controlled as much as possible, we propose that a single cell is used along with a time varying noise (Noc) source, which should have different power level in different symbols of each subframe. To make a single cell test, we propose that interfrequency RSRQ is tested, checking the absolute RSRQ value. Intrafrequency could also be considered, but the single cell methodology would mean that the intrafrequency serving cell would also be the measured cell.
Considering the Noc profile, Es/Noc in the CRS symbols should be -3dB so that the absolute accuracy is ±2.5dB to minimise the margin needed between new and old RSRQ. The UE also needs to detect the cell, so we propose that Es/Iot for the PSS/SSS is -3dB in the subframes in which it is transmitted. Finally, the target cell should also have a valid PBCH. As that the target cell is supposed to be in light load conditions, we propose that there are no other physical channels or OCNG transmitted by the target. Figure 1 shows a possible Noc profile for a subframe where PSS/SSS/PBCH is not transmitted, so Noc is high in symbols where CRS is transmitted and lower in subframes where CRS is not transmitted. 
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Figure 1 : Option for Noc profile where Noc is low in non CRS symbols
This approach emulates the real scenario of a synchronous network where other neighbour cells contribute interference at the same time as the measured cell transmits CRS. The difficulty for this approach is that measured cell PSS/SSS/PBCH transmissions causes problems especially on subframe 0 where there are also transmissions in non CRS symbols 5,6,8,9 and 10. To illustrate the point, old and new RSRQ is calculated for an example case with Es=-80dBm/15kHz and Noc following the profile in figure 1. The nominal RSRQ for the case of FDD on each subframe is as follows.

	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Old RSRQ
	-14.54
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14

	New RSRQ
	-11.00
	-8.80
	-8.80
	-8.80
	-8.80
	-9.68
	-8.80
	-8.80
	-8.80
	-8.80


It can be seen that in most subframes the 5dB difference is maintained, and the test could discriminate between a UE implementing legacy RSRQ and a UE implementing new RSRQ. However, to avoid failing a good implementation that measures RSRQ on subframe 0, the lower test limit would need to be set at -13.5dB, and there is a fairly strong possibility that a UE measuring legacy RSRQ could pass the test with such a limit. Even if Noc is switched off completely in non CRS symbols, the problem with subframe 0 cannot be avoided due to the PSS, SSS and PBCH load.
Several candidate solutions to this issue have been considered

1) Assume that UE measures on another subframe than subframe 0. The problem for this approach is that the test could fail a valid implementation.

2) Reduce the power of PSS/SSS and PBCH. The issue with this approach is that it is likely the UE cannot detect the measured cell if PSS and SSS are reduced.

3) Use wideband RSRQ, since the problem only occurs within the central 6RB used for PSS/SSS and PBCH. However, this is explicitly against the WF agreed in the previous meeting. As wideband RSRQ and new RSRQ are independent UE capabilities, it is possible that some UE may support new RSRQ but not wideband RSRQ, and thus could not be tested under this approach.

4) Swap the Noc profile, so that symbols without CRS experience higher interference than symbols with CRS. An example of Noc profile is shown in Figure 2 for subframes where PSS/SSS/PBCH is not transmmited.
Since option 4 appears to be the only viable option, we investigate it in further detail. 
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Figure 2 : Option for Noc profile where Noc is high in non CRS symbols, subframe except 0,5
Since the cell must still be detectable, we propose that Noc is also low in symbols where PBCH, PSS and SSS are transmitted.  So, for example, the profile in subframe 0 in case of FDD is as shown in figure 3, and a similar approach is also used for PSS and SSS in subframe 5.
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Figure 3 : Option for Noc profile where Noc is high in non CRS symbols, subframe 0
The profile investigated further has the following settings

Noc1 (Noc in symbols where there is no CRS, PSS, SSS or PBCH transmission) : -94.75dBm/15kHz

Noc2 (Noc in symbols 0,4,7,11 and symbols 5,6 of subframe 0 and 5, and symbols 8,9,10 of subframe 0) : -103.85dBm/15kHz

Es : -106.85dBm/15kHz

The nominal RSRQ for the case of FDD is

	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Old RSRQ
	-14.54
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14
	-14.14

	New RSRQ
	-19.57
	-21.66
	-21.66
	-21.66
	-21.66
	-20.93
	-21.66
	-21.66
	-21.66
	-21.66


For these parameter settings, there is always at least a 5dB difference between the old RSRQ and the new RSRQ Considering new RSRQ and ±2.5dB accuracy, the highest RSRQ which a UE should pass the test with is -19.57+2.5dB=-17.07 and the lowest RSRQ which a UE should pass the test with is -21.66-2.5dB = -24.16dB. In case the UE does not support extended lower RSRQ value range, it will quite likely report RSRQ_0, the definition of which corresponds to RSRQ<-19.5dB. The implication is that it would not be possible to verify whether the measured RSRQ is below or above the -24.16dB limit, but nevertheless, there is good discrimination between a UE which measures legacy RSRQ and a UE which measures new RSRQ.

Test case list and parameters

As indicated in the earlier discussion, two types of tests are envisaged. The first is as discussed above, and uses a time varying RSSI profile to verify that the UE follows the new definition. The second type of test is based on the legacy narrowband RSRQ tests, so uses full loading on target cells and a constant RSSI profile, but nevertheless new RSRQ measurement is configured and it is verified that the UE measures accurate RSRQ. The purpose of this test is not to verify RSRQ definition, but rather to check that the measured result is accurate when new RSRQ is used. For test coverage reasons, the legacy interfrequency test is proposed to be reused for the accuracy test
	Number
	Test
	Parameters
	Comments

	1
	RSRQ inter frequency accuracy, FDD
	Based on A.9.2.3.2 interfrequency FDD test, except that new RSRQ measurement is configured
	Expect that new RSRQ accuracy requirements are met

	2
	RSRQ inter frequency accuracy, TDD
	Based on A.9.2.4.2 interfrequency TDD test, except that new RSRQ measurement is configured
	Expect that new RSRQ accuracy requirements are met

	3
	RSRQ interfrequency measurement with time varying RSSI, FDD
	Serving cell on f1, one interfrequency neighbour cell on f2. Neighbour cell transmits CRS, PSS, SSS and PBCH only. For the neighbour cell, Es=-106.85dBm/15kHz. 

Noc1 (Noc in symbols where there is no CRS, PSS, SSS or PBCH transmission) : -94.75dBm/15kHz. 

Noc2 (Noc in symbols 0,4,7,11 and symbols 5,6 of subframe 0 and 5, and symbols 8,9,10 of subframe 0) : -103.85dBm/15kHz

Propagation condition AWGN.
	UE should report RSRQ between RSRQ_00 and RSRQ_05 (not supporting extended lower RSRQ value range) 

Or

Between RSRQ_-10 and RSRQ_05 (supporting lower RSRQ value range)

	4
	RSRQ interfrequency measurement with time varying RSSI, TDD
	Serving cell on f1, one interfrequency neighbour cell on f2. Neighbour cell transmits CRS, PSS, SSS and PBCH only. For the neighbour cell, Es=-106.85dBm/15kHz. 

Noc1 (Noc in symbols where there is no CRS, PSS, SSS or PBCH transmission) : -94.75dBm/15kHz. 

Noc2 (Noc in symbols 0,4,7,11 and symbol 13 of subframe 0 and 5, symbol 2 of subframe 1 and 6 and symbols 8,9,10 of subframe 0) : -103.85dBm/15kHz

Propagation condition AWGN.
	UE should report RSRQ between RSRQ_00 and RSRQ_05 (not supporting extended lower RSRQ value range) 

Or

Between RSRQ_-10 and RSRQ_05 (supporting lower RSRQ value range)


3 Conclusions

In this contribution we discuss test case design for new RSRQ, as well as proposing a test case list based on the discussion of the test case design. Two types of tests are proposed to verify new RSRQ. Two types of tests are envisaged. The first uses a time varying RSSI profile to verify that the UE follows the new definition. The second type of test is based on the legacy narrowband RSRQ tests, so uses full loading on target cells and a constant RSSI profile, but nevertheless new RSRQ measurement is configured and it is verified that the UE measures accurate RSRQ. For the first type of test we present detailed consideration on the test methodology and propose a test method which can differentiate between a UE following the legacy RSRQ and the new RSRQ definition with a margin of >5dB between the two metrics regardless of which subframes the UE performs measurement in. A test case list and detailed parameters for both types of tests are proposed.
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