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1. Introduction

In last RAN4 #77 meeting, the following agreements on test applicability and antenna connection for 2Rx test were reached in 4Rx ad-hoc meeting [1]:
· Definition of type of UEs

· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands

· Type 2: UE support 4Rx in all the bands.

· All 2RX tests can be tested for Type 1 UEs on a 2RX band. AP connection follows 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.

According to the above agreements, further discussion on RRM test case for 4Rx capable UE is provided in this contribution.
2. Discussion
Core requirements of work item LTE DL 4 Rx antenna ports were completed in RAN plenary #70. Radio link monitoring for 4Rx capable UE has been discussed a lot during the RRM part of the work item. The agreement was that 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. The latest agreement on the test applicability and antenna connection is presented in section 1. 
Here we provide the objective of performance part WI for information:

4.1.2
RRM performance requirement with 4 Rx AP

The objectives for RRM performance requirements for 4 Rx AP are the following
· Specify RLM performance requirements based on the conclusion of RLM core requirement part

From above we can see that only RLM performance requirements are captured in the objective of performance part WI. It means that leaving RLM alone, RAN4 is not going to develop any other new RRM test for 4Rx AP during this WI. 
Observation 1: leaving RLM alone, RAN4 is not going to develop any other new RRM test for 4Rx AP during this WI.

Regarding RLM test for 4Rx AP, we will discuss the test separately for Type1 and Type2 UE.

For Type1 UE, it was agreed in RAN4 #77 meeting that all 2RX tests can be tested on a 2Rx band. AP connection follows 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. Note that 2Rx band means that UE can only support 2Rx and can not support 4Rx on the band. Thus no new RLM test for Type1 UE is needed. But some clarification on test applicability and antenna connection should be introduced to make the existing test also applicable to 4Rx capable UE.

Proposal 1: new RLM tests for Type1 UE are not needed.

Type2 UE can support 4Rx in all the bands according to its capability. It means that this kind of UE may perform RLM with 4Rx AP all the time. For Type2 UE, there is no agreement yet on the RLM test. Based on the discussion in the ad hoc meeting in RAN4 #77, here we list some possible options to address this issue:

Option 1: not develop RLM tests for Type2 UE in this WI
Note that the architecture of 4Rx receiver is quite complicated and the supported frequency would spread from 800MHz to 3.5GHz, we don’t think it’s possible for a cell phone to support 4Rx in all the bands that it can support in real practice by now. Instead, it may declare it can support 4Rx in some certain bands. Besides these certain bands it can only support 2Rx. 
Option 2: Develop new RLM tests with 4AP connection with data source for Type2 UE with lower SNR level

According to simulation result from most companies during the discussion of core part of the WI, there was about 2.5~3dB margin between performance of 4Rx RLM and 2Rx RLM, i.e. corresponding 10% Qout and 2% Qin SNR level for 4Rx AP is about 2.5~3dB lower than that of 2Rx AP. Thus if we keep the same SNR level, 4Rx AP UE may fail the existing RLM test. Developing new RLM test with lower SNR level can fix this problem. But look into TS36.133 section A one can see that there are total 31 RLM tests (including DC RLM tests). Therefore duplicating all the tests for 4Rx capable UE will introduce amount of work.
Option 3: Update existing RLM tests with modified requirements with offset applied to SNR level and make the antenna connection configurable
Another way to test Type2 UE without developing new test is to modify the SNR level and antenna connection (make it configurable, i.e. 1x2 or 1x4) of the existing 2Rx RLM test. Lower the SNR level of SNR2, SNR3 and SNR4 to make the test applicable for both 2Rx AP and 4Rx AP. But the SNR level must be designed carefully. Because SNR2_new and SNR4_new should be higher than Qout_2rx but lower than Qin_4rx. Take the In-sync test for example, from Figure 1 it can be observed that the margin between Qin_4rx and Qout _2rx is quite small (about 0.5~1 dB). 
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Figure 1

So we propose:
Proposal 2: for Type2 UE, RAN4 will:

Option 1: not develop RLM tests in this WI.


Option 2: develop new RLM tests with 4AP connection with data source with lower SNR level.


Option 3: update existing RLM tests with modified requirements with offset applied to SNR level and make the antenna connection configurable, i.e. 1x2 or 1x4.

Note that in most of the RRM test in current spec TS36.133, the antenna configuration is 1x2 except for category 0 test. Therefore some clarification on antenna connection should be introduced to make the test also applicable for 4Rx AP UE.
Proposal 3: clarification on antenna connection should be introduced in existing RRM test case.

A proposed draft CR [2] on TS36.133 is provided as follow:
<< Start of Change >>
A.3.8
Antenna Configuration

Unless otherwise specified, RRM Test cases in AWGN propagation condition are configured with Antenna Configuration 1x2.
All the RRM tests specified with 2 receive antennas are tested with 4 receive antennas capable UE on any band on which UE can only support 2 receive antennas as band agnostic tests. Which 2 of the 4 receive antennas are connected with data source from system simulator during the test is left to UE’s declaration and antenna port configuration.
<< End of Change >>
3. Conclusions

In this contribution, we provide discussion RRM test cases for 4Rx AP. After discussion, observations and proposals are presented, which are:
Observation 1: leaving RLM alone, RAN4 is not going to develop any other new RRM test for 4Rx AP during this WI.

Proposal 1: new RLM tests for Type1 UE are not needed.

Proposal 2: for Type2 UE, RAN4 will:


Option 1: not develop RLM tests in this WI.


Option 2: develop new RLM tests with 4AP connection with data source with lower SNR level.


Option 3: update existing RLM tests with modified requirements with offset applied to SNR level and make the antenna connection configurable, i.e. 1x2 or 1x4.

Proposal 3: clarification on antenna connection should be introduced in existing RRM test case.
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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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