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1. Introduction

In previous RAN4 meetings, feasibility of RLM test case for 4Rx AP was widely discussed. However, the final consensus has not been reached yet. The latest agreement [1] on RLM for 4Rx is as:

Agreements

· Further analysis invited on possible test condition for 4RX RLM, and whether signalling is useful to address potential power consumption issue

Based on the agreement, we would like to provide give further discussion in this contribution.
2. Discussion
A hot spot in previous discussion on RLM for 4Rx is that UE could fallback to 2Rx on some condition in practical scenario. Companies might hold different views on criteria for using 2Rx and 4Rx. However, no matter what criteria are, UE certainly have to perform downlink reception with 4Rx in some condition, including PDCCH reception. In this situation, due to better diversity of 4Rx compared with 2Rx, 4Rx UE can work normally under some low SNR level instead of declaring Out-of-Sync. So it is natural to define RLM test to verify UE corresponding behaviour under such low SNR, i.e. to ensure UE could perform RLM normally with 4Rx.

Proposal 1: Test case on RLM for 4Rx UE should be defined.
As it was agreed in [2], 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. This means Qin and Qout BLER are the same in RLM test for both 4Rx and 2Rx UE. On the other hand, it could be observed from companies simulation results in last RAN4 #75 meeting that 4Rx UE receives better diversity gain compared with 2Rx UE. Good alignment of improvement of 4Rx could be found in simulation results, which was around 3dB. For information, simulation assumption and results for 4Rx is provided in annex.
Here we propose:

Proposal 2: SNR level in 4Rx RLM test should be lower than that of 2Rx with certain margin, which could be averaged among companies. A tentative margin is [3] dB.

Another issue which has been discussed widely in previous meeting is about the test condition in 4Rx RLM test. The background is that UE is allowed to fallback to 2Rx in some situation. So the motivation of defining test condition is to ensure UE would operate with 4Rx in 4Rx RLM test. However, as it was pointed out before, companies showed different view on the criteria of this fallback. One way that has been proposed in previous meeting is assuming continuous PDSCH transmission during the test. But some companies concerned that this would not address the real operation of RLM. Because there may not be PDSCH transmitting sometimes in practical scenario but UE still have to perform RLM. 

Actually, there is somehow other ways to solve this problem. For example, we could tentatively assume that UE would work with 4Rx once entering in RRC_CONNECTED state. The advantages of this operation are listed as:

1) Improve downlink throughput.

2) Avoid extra signalling overload compared with UE indicating network.
Here we denote UE1 as the one which would fallback to 2Rx in certain condition, respectively UE2 as the one which operate with 4Rx once entering in RRC_CONNECTED state. For 1), downlink throughput would be improved for UE2 compared with UE1. Firstly, diversity gain could be expected according to demodulation simulation results. Secondly, for UE1, more than 2 layers transmission would be not supported until the other 2 Rx antenna ports are turned on. However, up to 4 layers transmission would be supported all the time for UE2. Thirdly, immediately after UE1 open it's the other 2Rx, downlink performance of UE1 may not be good as UE2 due to lack of sufficient channel information for those 2 Rx antenna ports newly turned on. Warm up time is needed. All of these would somehow lead to decline of 4Rx performance.

For 2), it may be beneficial for network to have the knowledge that if UE is now working with 2Rx or 4Rx. However, the signalling overload would also be increased. Evaluation on this signalling overload and gain is needed.

However, there is also disadvantage for UE2:

1) Power consumption.

Compared with UE1, the power consumption of UE2 may be increased. However, there are some solutions to alleviate this issue. For example, network could configure proper DRX configuration for UE2. With improved downlink performance, UE2 supports higher data rate in the same environment and could complete downlink reception within shorter time period compared with UE1 although the instantaneous power of 4Rx could be higher. Hence, UE2 could go back to DRX off or even RRC_IDLE state more quickly. As a result the total energy consumption would not be increased considerably.
3. Conclusions

In this contribution, we provide further discussion on feasibility of RLM for 4Rx UE. After discussion, the following proposals are presented:

Proposal 1: Test case on RLM for 4Rx UE should be defined.
Proposal 2: SNR level in 4Rx RLM test should be lower than that of 2Rx with certain margin, which could be averaged among companies. A tentative margin is [3] dB.
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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 1 AWGN 1x2








Figure 2 AWGN 1x4
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Figure 3 AWGN 2x2








Figure 4 AWGN 2x4
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Figure 5 ETU70 1x2








Figure 6 ETU70 1x4
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Figure 7 ETU70 2x2








Figure 8 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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