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1 Introduction

In previous meetings the impact of high interference level from neighboring cell to serving cell PDCCH were discussed with proposal to have power boosting on serving cell PDCCH but without proper agreement. During the email discussion in RAN4 reflector new issues were discussed regarding the impact of low SINR test points for NAICS. This contribution brings more details on this aspect and provide proposal for NAICS demodulation tests.
2 Discussions
Since the starting of the WI of NAICS all the link level simulation results were presented in the way of TP vs SNR with different levels of INR, in terms of I1/Noc and I2/Noc. As a consequence all the previous results for the gain and robustness tests are based on MCS=5 on serving cell, with focus more on the NAICS gain instead of a proper test point in terms of SINR. But with neighboring cells present in the test, using SINR to measure the requirement is more appropriate than SNR. By using MCS=5 the test points for 70% maximum TP for NAICS receivers end up in SINR -10~-7dB as shown in Figure 1.

Figure 1 TP results for TM4/4/4 with MCS=5 on SC with different NC PDCCH loads
Observation 1:  Test point of 70% maximum TP with SC MCS=5 gives SINR around -10~-7dB.
Such low SINR level actually brings quite a few issues to the systems. In this chapter we mainly discuss the impact on RRM, RLM and control channels. 
2.1 RRM
The existing RRM requirements for cell reselction or handover more target at SINR level -6~-3dB as specified in [1]. With SINR level -10~-7dB the BS will not take risk to keep the UE in the cell but rather prefer to do HO.
Observation 2: With SINR level -10~-7dB the BS will not take risk to keep the UE in the cell but rather prefer to do HO.

2.2 RLM

The exsting RLM requirements are defined in [1] with one example shown as following.

Table A.7.3.1.1-3: Cell specific test parameters for E-UTRAN FDD (cell # 1) for out-of-sync radio link monitoring tests # 3 and # 4

	Parameter
	Unit
	Test 3
	Test 4

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	E-UTRA RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	2x2 Low 

	OCNG Pattern defined in A.3.2.1 (FDD) 
	
	OP.2 FDD
	OP.2 FDD

	SNR Note 6
	dB
	-1.4
	-5.5
	-11.5
	-2.3
	-6.2
	-12.2
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	dBm/15 kHz
	-98
	-98

	Propagation condition
	
	ETU 70 Hz
	ETU 70 Hz

	Note 1:      OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 2:      The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.
Note 3:      The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:      The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:      SNR levels correspond to the signal to noise ratio over the cell-specific reference signal REs.

Note 6:      The SNR in time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in figure A.7.3.1.1-1.
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Figure A.7.3.1.1-1 SNR variation for out-of-sync testing

So under very low SNR condition it might happen that the UE reports RRC reestablishment when under RLF, but RLF is not based on actaul PDCCH BLER. The measurement of RLM is an UE implementation which should allow the UE determining if it’s a condition to be in coverage or out of coverage corresponding to the BLER of a “hypothetical PDCCH transmission”. This is due to fact that this measurement can’t be based on only when there is PDCCH exists as it can happen for the case when there is no PDCCH transmitted, but the UE still needs to monitor the downlink radio link. It’s defined in [2] to use only CRS for the RLM as following. 
The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell as specified in [3].
For the test itself if we take the existing test procedures defined in RAN5 it is possible to keep a UE in such very low SINR in the SC, but the test procedure can’t stop the UE in running into RLF with high probability and send message of RRC reestablishment which would not be desirable for a demod test. 
Observation 2: With SINR level -10~-7dB the UE will have a high risk running into RLF and sending RRC reestablishment signalling.
Since RLM is based on CRS, any type of power boosting on the SC control channels will not help the UE report RLF, unless the specification is changed to allow NAICS UE staying with lower SINR and not to report RLF under such low SINR.

Observation 3: Power boosting on SC control channels can’t help UEs in RLF.

2.3 Control channels

The negative impact on control channels such as PDCCH/PCFICH has been demonstrated for NAICS performance work, which was the trigger of the discussion of the need of a proper test point. Under low SINR due to high interference level from NC the SC PDCCH and PCFICH will fail decoding as shown in Figure 1. The lower SINR is the bigger impact is given.

The SC power boosting was proposed to eliminate such impact on control channels. However to have power boosting on PDCCH with means to have NAICS UEs demod under very low SINR condition, the network has to spend more power on the SC control channels. In the meanwhile it leaves less power to the other UEs with better conditions. And not only PDCCH power boosting is needed, but also PCFICH as the performance of PDCCH and PCFICH are linked together. The PDCCH power boosting is user specific while PCFICH is cell specific, which means the power boosting is applied to all the UEs allocated in the cells as either NAICS or non-NAICS UEs in either good or bad condition. In summary the power boosing concept for the intention to get NAICS gain under very low SINR is not a reasonable assumption since it doesn’t reflect the live network and shouldn’t be taken as a solution to miminize the negative impact of low SINR.
Observation 4: The SC power boosting on control channels at very low SINR is not a reasonable assumption to reflect live network.
From discussion about it seems necessary to lift the test point to a higher SINR level in order to ensure a proper UE demodulation test, which could be operable both in live network and RAN5 tests. Proposals have been made to increase the SC MCS from 5 to 8 and 9. Simulation results are shown in [2] with multiple MCSs for both gain and robustness tests.

It is worth being noticed that with a proper SINR the impact of control channel such as PDCCH BLER is minimized in the way even with a full NC PDCCH load case, as shown in Figure 2. The results are based on Rel-8 MRC receiver, and at SINR=-3.5dB the PDCCH BLER is down to less than 1%.
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Figure 2 PDCCH BLER vs SINR with different NC PDCCH load
Observation 5: The PDCCH impact on SC is minimized by a SINR level higher than -3.5dB even with NC full load on PDCCH.

Furthermore it has been pointed out that the SINR value within the range of -3.74 dB to 1.08 dB corresponds to 5-25% tail UEs as summarized in [3] which should be taken as essential deployment scenarios for NAICS UEs with high INR scenarios.
Observation 6: SINR value within the range of -3.74 dB to 1.08 dB corresponds to 5-25% tail UEs should be taken as essential deployment scenarios for NAICS UEs.

With all observations made above it’s necessary to reconsider the test point for NAICS demodulation tests for both gain and robustness purposes to ensure the NAICS UEs could be functional in live network. The targeted SINR range for high INR should be within range of -3.74 dB to 1.08 dB.

Proposal: Reconsider the test point for NAICS demodulation tests for both gain and robustness purposes to ensure the NAICS UEs could be functional in live network with targeted SINR range for high INR within range of -3.74 dB to 1.08 dB.

3 Conclusion

This contribution discusses the impact of low SINR for test points chosen for NAICS UE demodulation tests and has the following observations and proposal.
Observation 1:  Test point of 70% maximum TP with SC MCS=5 gives SINR around -10~-7dB.
Observation 2: With SINR level -10~-7dB the UE will have a high risk running into RLF and sending RRC reestablishment signalling.

Observation 3: Power boosting on SC control channels can’t help UEs in RLF.

Observation 4: The SC power boosting on control channels at very low SINR is not a reasonable assumption to reflect live network.
Observation 5: The PDCCH impact on SC is minimized by a SINR level higher than -3.5dB even with NC full load on PDCCH.

Observation 6: SINR value within the range of -3.74 dB to 1.08 dB corresponds to 5-25% tail UEs should be taken as essential deployment scenarios for NAICS UEs.

Proposal: Reconsider the test point for NAICS demodulation tests for both gain and robustness purposes to ensure the NAICS UEs could be functional in live network with targeted SINR range for high INR within range of -3.74 dB to 1.08 dB.
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