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1. Introduction

In previous RAN4 #76bis 4Rx RRM ad-hoc meeting, the following agreements have been reached in [1]:
Agreements on applicability rule and antenna connection for 2Rx test
· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Mixed Option 1 and 2 case by case.

· Interested companies are invited to bring more inputs in next meeting. For option 2, impact to example 2RX test cases may be used to provide the further input

Agreements on RLM
· RLM requirements are not updated with 4Rx and the core part of the 4RX WI can be concluded.

· Understanding is that core requirements are generic, so Qin,& Qout BLER is consistent with the number of AP used by the UE for decoding. 

· How to apply the existing 2Rx RLM tests to 4Rx capable UEs with should be handled in a general way together with other RRM, UE demodulation and CSI tests in the performance part of the 4Rx WI.

Based on the agreements above, in this contribution we would like to provide further discussion on radio link monitoring for 4Rx.
2. Discussion
As it’s common understanding that the how to apply the existing 2RX RLM tests would be kept the same way as RRM, demodulation and CSI, and for demodulation and CSI we have three options for 4RX UE to pass 2RX tests, we would like to analyze the agreed antenna connection options for RLM. 
Option 1 is to connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests. For the other two untested APs, they could be left open or kept connected with zero input. The key issue is that UE should make the right judgment that it is being in the 2Rx RLM test. Then UE should combine signals from the two tested APs and make the right decision according to PDCCH SNR level of the combined signal. 

4Rx capable UE is allowed to fall back to 2Rx in this work item. However, it was RAN4 common understanding that criteria of this fall-back behavior would not be standardized in this work item. Differential criteria from companies can be foreseen. Thus it’s difficult to make sure all the 4Rx UE will fall back to 2Rx when perform 2Rx test by connecting only 2 of 4Rx to the SS. It means that some UE will still operate with 4Rx even performing 2Rx test. So some artificial changes in algorithm are needed for these UE, e.g. UE which work with 4Rx can find out that the other untested antenna ports are connected with zero input or left open (can see nothing but thermal noise) then UE should assume that it is operating with only 2Rx and estimate the SNR level from the signals extracted from 2 of the 4 antenna ports. Note that a UE operating with 4Rx will not experience such scenario in real life, i.e. it is impossible that 2 of the 4 antenna ports do not receive any signal or can see nothing but thermal noise, whilst the other two antenna ports are working in normal state. Then option 1 will become some scenario that might only happen in test case. We don’t see the point if we design tests just for tests.

Observation 1: it’s not reasonable for the 4RX UE to pass the 2RX RLM tests with 2 data source input, because

· It might mandate UE to have extra design just for passing the test, not for realistic network.
· It doesn’t really verify the UE RLM behavior with 4RX reception.

Option 2 is to connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests. However, 4Rx RLM simulation results from all companies showed that the SNR level of the same Qin/Qout BLER when there are four antennas input is about 3dB lower compared with two antennas input (simulation results can be found in annex). Thus if we connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests and keep the same requirements as 2Rx tests, UE may also make the wrong decision and fail the test.

Observation 2: it’s not reasonable to reuse the 2RX RLM requirements (such as SNR value for Qout) for 4RX UE with 4 data source input, because it would collide with the definition of Qin,& Qout BLER, which should be independent with the number of AP used by the UE in RAN4 agreement.

Note that it was agreed in last 4Rx RRM ad-hoc meeting that the core part should not be updated and can be concluded in this WI. In TS36.133 section 7.6 one can see that core requirements for radio link monitoring mainly contain three parts, which are respectively:

· Hypothetical PDCCH BLER, i.e. 2% for Qin and 10% for Qout.

· PDCCH/PCFICH transmission parameters.

· Qin and Qout evaluation period.
It can be observed that:

Observation 3: The number of receive antenna port is not involved in core requirements of radio link monitoring.
Thus the workload of developing 4Rx RLM test can be put in the performance part of this WI, without delaying the conclusion of core part of this WI.

Observation 4: 4Rx RLM test can be developed in performance part of this WI.

Based on the above analysis, we would like to propose that:
Proposal 1: RLM test cases with new RLM requirements for 4Rx UE should be defined with 4RX data source input.

Accordingly, we realize that there are some concerns on the fallback issues for new 4RX RLM requirements that the UE might fall back from 4RX to 2RX when performing the RLM, and then fail to pass the -3dB-lower RLM requirements. Therefore we could find out something more practical to ensure 4Rx UE can pass the 2Rx test properly.
Note that the architecture of 4Rx receiver is quite complicated and the supported frequency would spread from 800MHz to 3.5GHz, so we don’t think so far it’s possible for a UE to support 4Rx on all the bands that UE can support in real practice. Instead, UE may declare it can support 4Rx on some certain bands. Besides these certain bands UE can only support 2Rx on the rest bands that UE support. Even though there is no consensus on the criterion of this declaration of 4Rx capability, there must be somehow a way for UE to report this capability. 

From TS36.311 one can see that the maximum layers number that UE can support is specified in MIMO-CapabilityDL in UE-EUTRA-Capability. And MIMO-CapabilityDL is reported per band. If a UE support 4 layers reception in band x, it means that UE at least have 4Rx APs available when operating on this band. This can be used to indicate the 4Rx capability. 

One more thing we would like to remind is that if a 4Rx capable UE only support 2Rx on some bands, considering power consumption issue, then UE should switch off 2 of 4 antenna ports once operating on these bands in real life. For instance, a UE declare it support band 2 and band 4. If UE also declare it support 4Rx on band 4 and only support 2Rx on band 2. It means that once operating on band 2, UE will only work with two APs. The other two unused APs should be switched off. 
Observation 5: With respect to different bands, 4RX capable UE would actually act as a 2RX UE in certain band(s), and then pass 2RX requirements on the certain band(s)
Then a straight forward method for 4Rx capable UE to pass legacy 2Rx tests is to perform 2Rx tests on the band that UE only support 2Rx. Thus there will not be any concern about the connection of the antenna ports because the 4Rx capable UE is almost the same as the legacy 2Rx UE on this band.
Here we propose:

Proposal 2: The 2Rx test should be performed on the bands that the 4Rx capable UE can only support 2Rx antenna ports.

Considering the test cases in current specification is band agnostic, if proposal 2 is agreeable, then some clarification regarding test band is needed to implement the tests.
Proposal 3: Clarification regarding test band should be introduced to the existing 2Rx tests. 
Based on the above analysis, in summary, the test applicability of 4RX capable UE to pass the RLM test would be:

· 4RX capability UE pass the 4RX RLM tests with 4RX requirements.  or

· 4RX capable UE pass the 2RX RLM tests with 2RX requirements on certain condition that the 4RX capable UE will definitely perform 2RX reception, such as in 2RX band(s)
Proposal 4: The test applicability for 4RX capable UE to pass the RLM tests is:

· 4RX capability UE pass the 4RX RLM tests with 4RX requirements.  
and/or

· 4RX capable UE pass the 2RX RLM tests with 2RX requirements on certain condition(s) that the 4RX capable UE will definitely perform 2RX reception, such as in 2RX band(s)

3. Conclusions

In this contribution, we provide further discussion on the RLM test for 4Rx UE. After discussion, the following observations and proposals are also provided:
Observation 1: it’s not reasonable for the 4RX UE to pass the 2RX RLM tests with 2 data source input, because

· It might mandate UE to have extra design just for passing the test, not for realistic network.

· It doesn’t really verify the UE RLM behavior with 4RX reception.

Observation 2: it’s not reasonable to reuse the 2RX RLM requirements (such as SNR value for Qout) for 4RX UE with 4 data source input, because it would collide with the definition of Qin,& Qout BLER, which should be independent with the number of AP used by the UE in RAN4 agreement.
Observation 3: The number of receive antenna port is not involved in core requirements of radio link monitoring.
Observation 4: 4Rx RLM test can be developed in performance part of this WI.

Proposal 1: RLM test cases with new RLM requirements for 4Rx UE should be defined with 4RX data source input.

Observation 5: With respect to different bands, 4RX capable UE would actually act as a 2RX UE in certain band(s), and then pass 2RX requirements on the certain band(s)
Proposal 2: The 2Rx test should be performed on the bands that the 4Rx capable UE can only support 2Rx antenna ports.

Proposal 3: Clarification regarding test band should be introduced to the existing 2Rx tests. 
Proposal 4: The test applicability for 4RX capable UE to pass the RLM tests is:

· 4RX capability UE pass the 4RX RLM tests with 4RX requirements.  
and/or

· 4RX capable UE pass the 2RX RLM tests with 2RX requirements on certain condition(s) that the 4RX capable UE will definitely perform 2RX reception, such as in 2RX band(s)
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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. 
8
3

