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1 Introduction

In this contribution we discuss changes necessary to RLM tests for testing of type 2 UEs. During the RRM adhoc in RAN4#78[1], it was agreed:
· RLM

· Type 1 UE is tested on a 2RX band using existing 2RX test

· Type 2 UE is tested using Connect all 4 of the 4 Rx with data source from SS to perform modified 2Rx tests, lowering thresholds related to Qout by XdB (eg X=3). Thresholds between Qin and Qout may need special consideration, correct SNR4 setting is FFS

· capture all of the agreements as much as possible in applicability rules section and not modify existing tests

For a type 1 UE there is then nothing further to discuss. One aspect to highlight is that dual connectivity RLM tests have recently been introduced. The tests verify RLM measurements on the PSCell in sync and async scenarios, and do not vary the SNR on the PCell. In this context the type1/type 2 classification does not directly apply and modified testing procedure may be needed for any UE which cannot support a 2RX band for PSCell (even if a 2RX band could be found for the PCell). Although the discussion for PSCell tests is similar to the discussion for non-dual connectivity tests, this aspect needs to be correctly addressed in applicability rules and antenna connection specifications.
2 Discussion
Although there are a large number of RRM tests (43 tests in 36.133 v13.2.0, although this includes some 1RX MTC tests which are not relevant for the 2RX/4RX discussion), all tests are one of two types – either an out of sync test or an in sync test. The SNR profile for a typical out of sync test is shown in figure 1, and the SNR profile for a typical in sync test is shown in figure 2.
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Figure 1 : Typical out of sync test
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Figure 2 : Typical in sync test

The intended behaviour in the test cases is summarised in tables 1 and 2

	T1 
	SNR1 gives a BLER above Qout (10%) and Qin (2%) so that the test can start. Prior to T1 the connection is established and during T1 it is verified that the UE reports periodical CQI (transmitter is on) and so is in-sync.

	T2
	SNR2 gives a BLER below Qin (2%) and above Qout (10%). Since the UE was in-sync prior to T2, it should remain in sync and should continue to report CQI

	T3
	SNR3 gives a BLER below Qout(10%), so the UE should go to radio link failure and stop reporting CQI within the required time (eg 200ms+40ms in the example shown in figure 3. T310 timer is not used in out of sync tests to verify the UE out of sync behaviour as quickly as possible (i.e. using only L1 filtering of SNR for Qout decisions).


Table 1 : Intended behaviour in out of sync tests
Converting of out of sync tests to support either 2RX or 4RX operation is as follows. SNR1 and SNR 2 may be used unmodified. Since SNR1 and SNR2 were derived considering 2RX performance, if the UE uses 4RX it will have better performance than 2RX, so there is no question that it could go out of sync or stop reporting CQI during T1 or T2. SNR3 should be lowered by some amount eg 3dB, which is sufficient to ensure that even if the UE uses 4RX it will go out of sync.
Proposal 1 : For testing out of sync with a UE with 4RX, SNR3 (during T3) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.

For in sync tests, the expected behaviour is shown in table 2
	T1 
	SNR1 gives a BLER above Qout (10%) and Qin (2%) so that the test can start. Prior to T1 the connection is established and during T1 it is verified that the UE reports periodical CQI (transmitter is on) and so is in-sync.

	T2
	SNR2 gives a BLER below Qin (2%) and above Qout (10%). Since the UE was in-sync prior to T2, it should remain in sync and T310 should not start

	T3
	SNR3 gives a BLER below Qout(10%), so the UE should detect the radio link failure problem and start T310. T310 is configured as 2000s in the test case.

	T4
	SNR4 gives a BLER above Qout(10%) but below Qin(2%). Since T310 is running, it should continue to run

	T5
	SNR5 gives a BLER above Qin(2%). The UE should detect that there is no radio link problem within the required time, stopping T310


Table 2 : Intended behaviour in in-sync tests
Due to the T310 setting, a good UE reports CQI throughout the test. T310 is configured as 2000ms, and the UE is expected to determine that there are problems within 200ms of the start of T3. The combined time when the UE may detect radio link problems is T3+T4+evaluation time for Qin in T5(100ms) = 1.46s+0.4s+0.1s=1960ms, so the intention is that radio link problems last for slightly less than the T310 timer expiry. The test is terminated at point F, but in practice the UE will continue to report CQI beyond this time as there is no longer any radio link problem during T5.

From this description, it should be clear that there would be no possibility for a 4RX UE operating with all 4 receivers active to fail the current RLM tests (even with unmodified SNR profile) as the expected behaviour is to report CQI throughout the test. However, it is possible that the T310 timer may not be triggered and the test may be rather easy for a 4RX UE to pass if it is not operating in 2RX fallback.

Observation 1 : A 4RX UE will not fail the existing in-sync tests regardless of whether it operates with 2RX or 4RX, although the test purpose could be questioned if it operates with 4RX and SNR is not lowered
Since the RLM test for a 4RX UE should be rigorous, it seems beneficial to reduce SNR3 to a level below Qout,4RX, thus ensuring that T310 timer will start around the beginning of time period T3, regardless of whether the UE operates with 2RX or 4RX.
Proposal 2 : For testing in sync with a UE with 4RX, SNR3 (during T3) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.

The remaining discussion relates to SNR4, as was discussed during RAN4#78bis. We note that regardless of the setting of SNR4 and of whether the UE uses 2RX or 4RX, a good UE should still pass the RLM test. The possible behaviours during T4 are

· SNR4 unmodified, UE uses 2RX : The UE will operate as a 2RX UE operates today in the test, and T310 should continue to run during T4. The T310 setting is chosen sufficiently large that the UE does not stop transmitting CQI during T4.

· SNR4 unmodified, UE uses 4RX : The UE may determine that the radio link problem has ended during T4. This would lead to T310 being stopped early compared to the current test case design, but does not result in CQI reporting stopping or a test case failure

· SNR4 lowered, UE uses 2RX : The UE will see a lower SNR during T4, which may be below Qout,2RX. However, the UE is already in a state where it has detected a radio link problem in the test case, and the connection is anyway being maintained by the T310 setting. Thus the UE shall still be able to maintain the connection until conditions improve in T5, which is clearly above Qin,2RX, and CQI reporting should not stop.
· SNR4 lowered, UE uses 4RX : In this case the UE will be operating between Qin, 4RX and Qout,4RX during T4 which is analogous to the current test case design for 2RX. Hence the test should work correctly.
Since neither SNR4 option should fail a good UE which implements T310 correctly, RAN4 would be free to choose either approach, and the decision comes down to whether we want the behaviour in T4 to be similar to existing when the UE operates with 2RX (meaning that T310 may finish early if the UE operates with 4RX) or targeted towards 4RX operations (meaning that the 2RX UE may experience lower SNR during T4 than the current test methodology suggests). Since the UE would already experience lower SNR during T3 and lower SNR during T4 should not cause any additional problems to pass the test (even if the UE operates with 2RX), our preference is to lower SNR4. This ensures that the test is as demanding as possible while there is still no reason why a good UE operating with 2RX should fail.

Proposal 3 :  For testing in sync with a UE with 4RX, SNR4 (during T4) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.
An alternative approach was proposed in [2], which was to apply the new SNR3 setting also during SNR4. This is also feasible and neither a 2RX UE nor a 4RX UE should fail the test even if the lower SNR3 setting is applied also during T4. Indeed, if the downlink signal was switched off completely for the duration of T3 and T4, the T310 setting implies that the UE should continue to report CQI. However, the offset between T3 and T4 is +4.9dB, so it seems more aligned to current testing methodology to simply reduce both SNR by XdB.

Finally, a discussion is needed on how much to reduce the SNR, or the value of XdB in proposals 1-3. For proposal 1, the out of sync test could be failed by a 4RX UE if SNR3 is not sufficiently reduced. Based on earlier studies in the core work item, we observed the following results for the out of sync configuration:
Table 2
SNR to achieve 2% PCFICH/PDCCH BLER (Qin) from Out of sync simulation

	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-11.79
	-11.85
	-14.12
	-14.22

	ETU70
	-7.67
	-9.01
	-11.05
	-12.20


Table 3
SNR to achieve 10% PCFICH/PDCCH BLER (Qout) from Out of sync simulation

	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-13.06
	-13.10
	-15.35
	-15.39

	ETU70
	-9.61
	-10.61
	-12.82
	-13.52


Based on these results, we think that X=3dB would be suitable. At the Qin (2%) level, there is slightly more than 3dB (3.19dB) of diversity gain between 2x2 and 2x4 in ETU70 conditions, but none of the proposals are addressing thresholds related to Qin which are still based on 2RX performance. At the Qout (10%)  level, the difference observed in simulations is 2.91dB.
Proposal 4 : X=3dB is used in proposals 1-3

3 Conclusion

In this contribution we discuss changes necessary to RLM tests for testing of type 2 UEs. For type 1 UEs, it has already been agreed that they are tested on a 2RX band. We would also like to highlight that dual connectivity RLM tests were recently introduced for the PSCell, and similar principles should be captured in the test applicability and antenna connection in case the UE supports dual connectivity configurations where testing of the PSCell with 2RX is not possible to be guaranteed.

For the type 2 UE, we observe and propose : 

Proposal 1 : For testing out of sync with a UE with 4RX, SNR3 (during T3) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.

Observation 1 : A 4RX UE will not fail the existing in-sync tests regardless of whether it operates with 2RX or 4RX, although the test purpose could be questioned if it operates with 4RX and SNR is not lowered
Proposal 2 : For testing in sync with a UE with 4RX, SNR3 (during T3) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.

Proposal 3 :  For testing in sync with a UE with 4RX, SNR4 (during T4) is lowered by XdB in all relevant out of sync tests, compared to the current settings in 36.133.

Proposal 4 : X=3dB is used in proposals 1-3

The proposals are captured in a corresponding CR[4].
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