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1. Introduction

In last RAN4 #74bis meeting, feasibility on RLM for 4Rx was discussed widely. Although the final consensus has not been reached yet, some agreements were approved in [1], which are:
· Radio link monitoring is based on Qin and Qout, which are corresponding to a hypothetical PDCCH transmission block error rate of 2% and 10% respectively. 
· Encourage interested companies to carry out link level simulation to investigate the RLM performance for 4 Rx. Preliminary simulation assumptions are given as below. 

Simulation assumptions and corresponding results can be found in annex. In this contribution, we would like to present further discussion on feasibility on RLM for 4Rx and provide our proposals.
2. Discussion
It was agreed in [1] that the hypothetical PDCCH transmission block error rate of Qin and Qout would remain 2% and 10% respectively, which are consistent with 2Rx. This means UE performing RLM with 4Rx antenna ports would declare out-of-sync and in-sync under lower SNR than one with 2Rx because of better performance on reception. As a result, this kind of UE might not pass the existing RLM test case, which is designed for 2Rx UE. Take E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync in DRX test 2 (TS36.133 section A.7.3.5) as example, the variation of the downlink SNR of serving cell is illustrated by Figure 1:
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Figure 1 SNR variation for out-of-sync in FDD RLM test in DRX
Where SNR1=-4.7dB, SNR2=-9.5dB and SNR3=-13.5dB. Note that SNR1~SNR5 in existing RLM tests were derived from the following equations:
· SNR2 = Qout + margin1 dB

· SNR3 = Qout – margin1 dB

· SNR4 = Qin – margin2 dB

· SNR5 = Qin + margin2 dB

· SNR1 = SNR5.
Margin1 and margin2 are both 2dB under AWGN channel and are 3dB and -2.5dB respectively under ETU70. Qin and Qout are SNR level corresponding to a hypothetical PDCCH transmission block error rate of 2% and 10% respectively averaged among simulation results from companies. Hence SNR level of Qin and Qout can be deduced by:
Qin = SNR5 – margin2= SNR1 – margin2= -4.7dB - 2dB= -6.7dB

Qout = SNR2 – margin1= -9.5dB - 2dB= -11.5dB

From our 4Rx simulation results in annex it could seen that SNR for the same block error rate are 3dB lower than that of 2Rx UE. Therefore if for UE performing RLM with 4Rx, the real Qin_4Rx and Qout_4Rx will be 3dB lower than Qin and Qout, which is illustrated in Figure 2.
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Figure 2 Real SNR level of Qin_4Rx and Qout_4Rx for UE performing RLM with 4Rx
Where:

Qin_4Rx = Qin – 3dB= -9.7dB

Qout_4Rx = Qout – 3dB= -14.5dB

Note that the existing test requirements in TS36.133 section A.7.3.5.2 are:
In test 1 and test 2 during the period from time point A to time point B the UE shall transmit uplink signal at least once every DRX cycle, in the On-duration part of the cycle in the subframe according to the configured CQI reporting mode (PUCCH 1-0).

In test 1 the UE shall stop transmitting uplink signal no later than time point C (duration D1 = 900 ms after the start of time duration T3).

In test 2 the UE shall stop transmitting uplink signal no later than time point C (duration D1 = 6500 ms after the start of time duration T3.

For 2Rx UE at SNR3, it will stop transmitting uplink signal no later than time point C because SNR3 is far below corresponding SNR of Qout. However, for UE performing RLM with 4Rx at SNR3, it would keep transmitting uplink signal at least once every DRX cycle because SNR3 (-13.5dB) is still higher than Qout’ (-14.5dB). Therefore, 4Rx UE can not pass the existing RLM test case. New performance requirement on RLM for 4Rx UE should be defined. Here we propose:
Proposal 1: New test case on RLM for 4Rx UE should be defined.
Considering block error rate of Qin and Qout remain unchanged, we propose to reuse the methodology and margin1 and margin2 when deriving SNR14Rx~SNR54Rx. 

· SNR24Rx = Qout_4Rx + margin1 dB

· SNR34Rx = Qout_4Rx – margin1 dB

· SNR44Rx = Qin_4Rx – margin2 dB

· SNR54Rx = Qin_4Rx + margin2 dB

· SNR14Rx = SNR54Rx.
Qout_4Rx and Qin_4Rx in above equation could be presented by Qout_4Rx = Qout - △ and Qin_4Rx = Qin - △. Thus SNR14Rx ~SNR54Rx could acquired by:

· SNR14Rx = SNR1 - △ dB.
· SNR24Rx = SNR2 - △ dB

· SNR34Rx = SNR3 - △ dB

· SNR44Rx = SNR4 - △ dB

· SNR54Rx = SNR5 - △ dB

Where △ could be acquired by averaging the simulation results from companies. A tentative margin 3dB is proposed.

Proposal 2: SNR level in 4Rx test should be derived by SNR4Rx= SNR2Rx  - △, where △ should be averaged among simulation results from companies. A tentative value of △ is [3] dB.
Lower the corresponding SNR for Qin and Qout would enlarge the downlink coverage somehow. There were some concerns about this downlink coverage enhancement. Some companies pointed out that without any uplink enhancement for 4Rx, the enlargement of downlink coverage would lead to the imbalance of DL/UL coverage. The main concern is UE with 4Rx might take more time to declare out-of-sync and affect the link recovery. In fact, besides monitoring downlink signal quality, UE also have other ways regarding uplink performance to trigger radio link failure. TS36.331 section 5.3.11.3 has specified UE behaviors on detection of radio link failure, part of which are given as below:
	5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:
…


The green sentences above indicate UE would also declare RLF when it meets certain problem in uplink transmission. With downlink reception enhancement, UE with 4Rx might perform PDCCH reception normally under lower SNR instead of declaring out-of-sync, but this would not affect the uplink RLF which is triggered by random access problem or retransmission failure. An informative diagram is presented to illustrate the situation, which is:
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Figure 3 Network coverage
In Figure 3, red cycle denotes the actual coverage of existing network, which is based on existing UL and 2Rx DL coverage. With introduction of 4Rx, DL coverage would be enlarged somehow. Blue cycle denotes the 4DL coverage. For example, once a 4Rx UE enters green zone (outside 2Rx DL coverage but inside 4Rx DL coverage), it would not declare out-of-sync because of reception enhancement. Meanwhile, without any enhancement on uplink, UE may trigger uplink RLF. Therefore, taking uplink coverage into account, the actual coverage would not be enlarged due to 4Rx. In fact, as the same with 2Rx UE, 4Rx UE would trigger handover when crossing red cycle. However, enabling 4RX for PCFICH/PDCCH/PHICH would be beneficial inside actual coverage (within white zone in Figure 1). In other words, the motivation of defining new RLM performance requirement for 4Rx is not to enhance network coverage, but rather to ensure those UE which perform PDCCH reception with 4Rx can pass the test. It was common understanding in RAN4 that UE could fallback to 2Rx under certain situation and this should be left to implementation. Some companies preferred to perform PCFICH/PDCCH/PHICH reception (including RLM) with 2Rx even if this UE is equipped with 4Rx. In fact, we don’t want to mandate 4Rx UE to use all 4Rx APs or only 2Rx APs on PCFICH/PDCCH/PHICH reception. Obviously enabling 4RX for PCFICH/PDCCH/PHICH would be helpful and beneficial for network performance, especially within the white zone in Figure 1. 

So we propose:
Proposal 3: Defining test case on RLM for 4Rx would not lead to imbalance between UL/DL coverage.

3. Conclusions

In this contribution, we provide further discussion on the feasibility of RLM for 4Rx. After discussion, observation and proposals are presented, which are:
Proposal 1: New test case on RLM for 4Rx UE should be defined.
Proposal 2: SNR level in 4Rx test should be derived by SNR4Rx= SNR2Rx  - △, where △ should be averaged among simulation results from companies. A tentative value of △ is [3] dB.
Proposal 3: Defining test case on RLM for 4Rx would not lead to imbalance between UL/DL coverage.
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5. Annex

Simulation assumptions and results are provided in this section.

· Simulation assumptions

Table 1 PDCCH transmission parameters for OOS
	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 2 PDCCH transmission parameters for IS

	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.


· Simulation results
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Figure 4 AWGN 1x2








Figure 5 AWGN 1x4
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Figure 6 AWGN 2x2








Figure 7 AWGN 2x4
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Figure 8 ETU70 1x2








Figure 9 ETU70 1x4
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Figure 10 ETU70 2x2








Figure 11 ETU70 2x4
The black and red curves in figures above denote the evaluation of out-of-sync and in-sync performance respectively. We also make a summary of the key points (10% of DCI 1A and 2% DCI 1C) and list them in the following Table.

Table 3 Comparison of RLM performance between 2Rx and 4Rx

	Propagation model
	Description
	Antenna configuration

	
	
	1x2
	1x4
	△
	2x2
	2x4
	△

	AWGN
	DCI 1A 10%
	-12.8
	-14.9
	2.1
	-12.4
	-15.2
	2.8

	
	DCI 1C 2%
	-7
	-10
	3
	-7
	-10.6
	3.6

	ETU70
	DCI 1A 10%
	-9.8
	-12.8
	3
	-10
	-12.9
	2.9

	
	DCI 1C 2%
	-5.4
	-8.5
	3.1
	-6.6
	-9.4
	2.8


Note: Symbol △ in Table denotes the difference between 2Rx and 4Rx with the same number of transmission antennas. 
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