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1 Introduction
In RAN4#74bis, radio link monitoring for 4RX UEs was discussed. A way forward was agreed [1] which includes simulation assumptions. There was also discussion [2]on several options which could be used in the event that 4RX RLM requirements are found to be feasible
Option 1: Reduce boosting power of PDCCH/PCFICH for UE with 4Rx.

Option 2: Assign lower level CCE for UE with 4Rx.

Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.

However, there is no consensus yet in RAN4 on whether 4RX RLM is feasible.  In this contribution we provide simulation results for 4RX as well as further discussion on the feasibility.
2 Discussion

2.1 Results
Simulations were preformed according to the assumptions in [1]. Future simulation campaigns could consider different PDCCH boosting or aggregation levels

Out of sync

Simulation assumptions are shown in table 1
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration:
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU70

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB for (1x2, 1x4) antenna configuration

1 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 1: Simulation assumptions for out of sync scenario

Results are shown in figure 1 (AWGN) and figure 2 (ETU70)
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Figure 1 : Out of sync BLER results for AWGN
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Figure 2 : Out of sync BLER results for ETU70
In sync

Simulation assumptions are shown in table 2 
	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration: 
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB for (1x2, 1x4) antenna configuration

-3 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 2: Simulation assumptions for in sync scenario

Results are shown in figure 3 (AWGN) and figure 2 (ETU70)

[image: image3.emf]-16 -14 -12 -10 -8 -6 -4

10

-2

10

-1

10

0

SNR [dB]

PDCCH BLER

In-sync, AWGN

 

 

1x2

2x2

1x4

2x4


Figure 3 : In sync results for AWGN
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Figure 4 : In sync results for ETU30
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Figure 5 : In sync results for ETU70
From the results, Qin and Qout are summarised in tables 3,4,5 and 6.
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-12
	-9.97
	-14.47
	-12.7

	ETU70
	-6.82
	-6.98
	-10.51
	-10.38


Table 3 :SNR to achieve 2% PCFICH/PDCCH BLER (Qin) from Out of sync simulation

	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-13.32
	-10.87
	-15.7
	-13.53

	ETU70
	-9.2
	-8.42
	-12.58
	-11.48


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

	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-7.94
	-4.99
	-10.76
	-7.91

	ETU70
	-3.96
	-3.14
	-7.39
	-6.09

	ETU30
	-4.75
	-3.34
	-8.65
	-6.57


Table 4 :SNR to achieve 2% PCFICH/PDCCH BLER (Qin)  from In sync simulation
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-8.87
	-5.94
	-11.66
	-8.83

	ETU70
	-5.72
	-4.17
	-8.9
	-7.23

	ETU30
	-6.61
	-4.59
	-9.91
	-7.74


Table 5 :SNR to achieve 10% PCFICH/PDCCH BLER (Qout)  from In sync simulation
Based on the results, approximately 2dB to 3dB improvement in PCFICH/PDCCH BLER is seen using 4RX antenna ports compared with the corresponding 2RX result. This result is in line with improvements seen in PDCCH demodulation. 

2.2 Requirements feasibility

One aspect of feasibility which has already been discussed is whether downlink RLM measurement should consider uplink coverage. For this aspect, our view is unchanged. RLM is fundamentally a downlink signal quality measurement and the UE is unaware of the eNB receiver performance or whether the connection is downlink or uplink limited. Even if we accepted that the UE could autonomously terminate a connection in poor uplink coverage, the 2RX RLM threshold  provide no special reference level and are unlikely to correspond to a downlink SNR where the uplink fails. At any rate, we think that it would be beneficial to focus further discussions on feasibility on other aspects of the downlink measurement. 
Earlier we proposed [3]
	Proposal 1 : RLM requirements are specified with 4 antenna ports when the UE is operating with 4RX

Proposal 2 : RLM requirements are specified with 2 antenna ports, when a 4RX capable UE is operating with 2RX fallback 


Since these proposals were made, further agreements for PDCCH/PCFICH demodulation have been reached [4]
	· Extend existing 2RX test configuration for 4RX PDCCH/PCFICH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG .

· Companies are invited to bring results and analysis based on extension of the existing 2RX configuration to 4RX




Considering these agreements, we can assume that at least when the UE is not scheduled with PDSCH, it may perform fallback to 2RX. Thus it seems natural to make the same assumption for RLM testing, i.e. the existing 2RX RLM test  configuration would be extended for 4RX under the assumption that PDSCH is always scheduled in the test. One aspect which we would like to discuss is that this is not currently assumed in the legacy 2RX testcases which include comments such as the following
	PCFICH/PDCCH/PHICH parameters
	
	R.9 TDD
	R.9 TDD
	R.9 TDD
	As specified in section A.3.1.2.2. 

None of the PDCCH are intended for the UE under test


Since the UE must also perform radio link monitoring while it is being scheduled with PDSCH, we think that 4RX RLM test cases while the UE is being scheduled on PDSCH are feasible although the procedure is different from the legacy 2RX RLM test. One reason for defining such a procedure in the legacy tests could be to verify that the UE performs hypothetical BLER estimation (e.g. from CRS) rather than directly measuring PDCCH/PCFICH BLER from decoding attempts. However, we think it is unlikely that any UE could pass the testcase using an actual PDCCH/PCFICH BLER estimate and it seems unlikely that this kind of bad implementation would be expected for a 4RX capable UE. Therefore, pragmatically, and in line with the agreement for PDCCH/PCFICH demodulation, we propose
Proposal 1 : UE is tested for 4RX radio link monitoring under the assumption that PDSCH is always scheduled in the test

Under this assumption, we think that 4RX radio link monitoring cannot cause any power consumption issue, because, from a core RLM specification point of view the UE is allowed to fall back to 2RX operation in exactly the same circumstances as is already agreed for PDCCH demodulation.
Qin/Qout hysteresis
Another area which is worthy of further discussion on feasibility is hysteresis in the Qout/Qin levels. One potential issue which we would like to mention is that there is typically about 3-4dB difference in SNR between Qin and Qout

Since the diversity gain of 4RX over 2RX is of a similar order and exceeds 3dB, it is possible that Qin4RX < Qout2RX, which could lead to a loss (or at least reduction in) hysteresis. For example the following behavior could be envisaged:
The UE is operating in 2RX fallback mode and detects radio link problem with hypothetical BLER below Qout2RX. Then it switches to 4RX operation and determines that the 4RX signal quality is above Qin4RX, so immediately recovers from the radio link problem. Due to the loss of hysteresis the cycle can naturally repeat, and ping pong between radio link failure and no failure state can occur, which is clearly undesirable (UE transmitter will switch on and off). To avoid this problem, we propose that Qin evaluation is always based on 2RX, i.e. a UE which goes to radio link failure will not recover until the quality becomes good enough for 2RX reception. This should result in a robust radio link failure potation
Proposal 2 : Qin evaluation is based on 2RX

2.3 Test coverage

25 RLM tests are currently specified in 36.133 section A.7 as shown in table 1. There are 8 basic tests (all combinations of out-of-sync/In-sync, FDD/TDD, and non-DRX/DRX), 14 tests for eICIC and 3 tests for 5MHz FDD UE.

Considering that a large number of tests are needed, and also because the proposed 4RX test procedure is different from the 2RX procedure (PDSCH is always scheduled according to proposal 1), our view is that additional tests should be developed for 4RX RLM to verify that the UE makes correct RLM decisions based on 4 antenna ports, as well as passing relevant legacy RLM tests. This approach has previously been proposed for demodulation. For radio link monitoring, it could be verified that the practical mapping from SINR to hypothetical BLER with 100% pairwise correlation could be checked. At any rate, UEs with 4 antenna ports need to be verified in RLM tests, and a test method for reusing some 2RX requirements when connected to UE with 4 antenna ports therefore seems necessary.
Proposal 3 : For legacy requirements features without extensions of 4Rx are to be tested with 2 ports from system simulator splitted into 4 with pair-wise 100% correlation.
Proposal 4 : Legacy test cases A.7.3.1 through A.7.3.25 are applied to 4RX UE with 2 ports
Under the assumption that legacy tests can be mainly reused, it is beneficial to consider how the number of 4RX tests can be minimised. As a starting point, we think it is not necessary to develop 4RX variants of eICIC, feICIC and 5MHz FDD tests. 
Since this proposal would still result in 8 additional tests, other strategies for 4RX test case minimization can be considered. For example, DRX variants of tests seem to add little in addition to the non DRX tests, given that DRX RLM would be tested anyway in a 2RX configuration. 

Proposal 5 : 4RX variants of tests A.7.3.1 through A.7.3.4 are considered in the work item

	A.7.3.1
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync

	A.7.3.2
	E-UTRAN FDD Radio Link Monitoring Test for In-sync

	A.7.3.3
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync

	A.7.3.4
	E-UTRAN TDD Radio Link Monitoring Test for In-sync

	A.7.3.5
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync in DRX

	A.7.3.6
	E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX

	A.7.3.7
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync in DRX

	A.7.3.8
	E-UTRAN TDD Radio Link Monitoring Test for In-sync in DRX

	A.7.3.9 
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction and Non-MBSFN ABS

	A.7.3.10
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with Non-MBSFN ABS

	A.7.3.11
	E-UTRAN FDD Radio Link Monitoring Test for In-sync for Non-MBSFN ABS

	A.7.3.12
	E-UTRAN TDD Radio Link Monitoring Test for In-sync for Non-MBSFN ABS

	A.7.3.13
	 E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.14 
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.15
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.16
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.17
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information and Non-MBSFN ABS

	A.7.3.18
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information and Non-MBSFN ABS

	A.7.3.19
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resouce Restriction with CRS assistance information and Non-MBSFN ABS

	A.7.3.20
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resouce Restriction with CRS assistance information and Non-MBSFN ABS

	A.7.3.21
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resouce Restriction with CRS assistance information and MBSFN ABS

	A.7.3.22
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resouce Restriction with CRS assistance information and MBSFN ABS

	A.7.3.23
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync for 5MHz Bandwidth

	A.7.3.24
	E-UTRAN FDD Radio Link Monitoring Test for In-sync for 5MHz Bandwidth

	A.7.3.25
	E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX for 5MHz Bandwidth


Table 1 : Test coverage for RLM
Options for testing 4RX requirements

In the event that 4RX requirements are found to be feasible,  3 options have been discussed for making use of the requirements

	Option 1: Reduce boosting power of PDCCH/PCFICH for UE with 4Rx.

Option 2: Assign lower level CCE for UE with 4Rx.

Option 3: Reuse existing PDCCH/PCFICH transmission configuration to enable UE equipped with 4Rx could perform RLM normally under lower SNR level.


From a RAN4 perspective these options do not have a significant impact to core specifications (power boosting, CCE and SNR are test case issues), however, to make use of some of these options in practice it could be necessary for the network to be aware of which UE are supporting 4RX. Our view has been that 4RX is a declared UE receiver enhancement rather than a reported UE capability. At any rate, we think it would be better to conclude on the feasibility of 4RX RLM requirements before discussing these options, in the event that the decision of RAN4 is that 4RX RLM is feasible.

3 Conclusions

In this contribution we discuss RLM requirements feasibility and make the following proposals:
Proposal 1 : UE is tested for 4RX radio link monitoring under the assumption that PDSCH is always scheduled in the test

Proposal 2 : Qin evaluation is based on 2RX
Proposal 3 : For legacy requirements features without extensions of 4Rx are to be tested with 2 ports from system simulator splitted into 4 with pair-wise 100% correlation.
Proposal 4 : Legacy test cases A.7.3.1 through A.7.3.25 are applied to 4RX UE with 2 ports
Proposal 5 : 4RX variants of tests A.7.3.1 through A.7.3.4 are considered in the work item
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