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1 Introduction
In the last meeting RAN4#74bis, RAN4 has reached to an agreement to introduce PDCCH/PCFICH performance requirements, but ePDCCH requirements has not been agreed in [1].
For PDCCH/PCFICH, RAN4 has made an agreement in [1] 
- Extend existing 2RX test configuration for 4RX PDCCH/PCFICH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG.
- Extend existing 2RX test configuration for 4RX ePDCCH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG .
In this contribution, we discuss control channel test scenario and testcase configurations. Based on our proposals, we provide control channel testcase preferences and performance results.
Through control channel discussion in the last meeting, 4-RX AP switching behaviours are handled importantly. RAN4 added a PDCCH testing assumption of actual PDSCH scheduling is to let 4-RX UE to have heavy data traffic and ensure to use 4-RX APs. As an UE vender, we agree that the condition is very crucial to UE venders and the test method must be properly considered. 
2 Discussion on Control Channel Requirements
In [1], RAN4 has agreed to introduce PDCCH/PCFICH tests and EPDCCH tests for a 4-RX AP UE. Details of the testcase scenarios and configurations need to be followed for further discussions. Basically, the number of antenna elements transmitting PDCCH can be different from the number of antenna elements transmitting PDSCH (i.e. in user specific reference symbol transmission modes). Since 4-RX AP UEs can be attached with any TX antenna variations, the UE needs to be tested properly with performances requirements. Especially, as discussed heavily, the control channel requirements are related with antenna ports switching for power saving. It will be desirable to make sure that the AP switching behaviour does not make glitches with any TX MIMO configuration. We propose PDCCH/PCFICH tests with 1-TX, 2-TX and 4-TX as the existed 2-RX AP UE tests. Overall, we propose control channel testcases as Table 1.

Regarding reusing testcase {8.4.1.1, PDCCH, 1 CRS-AP} and testcase {8.8.1.1 #2, EPDCCH, Distributed}, that indicate aggregation level as TBD in the Table 1, the simulation results show that the testcases are executed under overstressed SNR regions. Because the testcases utilizes high aggregation level, so they show very robust performance even in very low SNR. To make them reasonable tests, RAN4 may consider adjusting the aggregation levels or avoid the test introduction by testing UE functions through other substituted subtest.

Proposal 1: We propose control channel testcases and test configurations for the 4-RX AP UE as Table 1.
Proposal 2: To make them reasonable testcase sets, RAN4 may consider adjusting the aggregation levels in testcase 8.4.1.1 and testcase 8.8.1.1 #2, or avoid the test introduction by testing UE functions through other substituted (sub)test.

Table 1 : Proposed 4-RX control channel testcases and test configurations
	Control
Channels
	Reference Testcase (FDD),<TDD>
	Sub
Test
 #
	Number of 
TX proposed for 4RX test
	Channel
proposed for 4RX test
	RX Corr
proposed for 4RX test
	Agg.

 Level
	TX type
EPDCCH
	PDSCH
TM
	Note

	
	
	
	
	
	
	
	
	
	

	PDCCH
PCFICH
	8.4.1.1
<8.4.2.2>
	1
	1
	ETU70
	Low
	8CCE 

TBD
	-
	-
	Avoid  test in overstressed SNR region

	
	8.4.1.2.1
<8.4.2.2>
	1
	2
	EVA70
	Low
	4CCE
	-
	-
	

	
	8.4.1.2.2
<8.4.2.2.2>
	1
	4
	EPA5
	ULA

Medium
	2CCE
	-
	-
	

	EPDCCH
	(8.8.1.1)
<8.8.1.2>
	1
	2
	ETU70
	XPOL Medium
	4 ECCE
	Distributed
	TM3
	

	
	
	2
	2
	EVA70
	XPOL Medium
	 16 ECCE 

TBD
	Distributed
	TM3
	Avoid  test in overstressed SNR region

	
	(8.8.2.1)
<8.8.2.2>
	1
	2
	EVA5
	XPOL Medium
	2 ECCE
	Localized
	TM9
	

	
	
	2
	2
	EVA5
	XPOL Medium
	  8 ECCE
	Localized
	TM9
	

	PHICH
	No test

	PBCH
	No test


Since RAN4 agreement has an assumption that PDSCH is always scheduled in the test and not OCNG, we propose to add PDSCH scheduling in the 4-RX AP UE tests. This is to let an UE detect the scheduled heavy PDSCH traffic, therefore, the UE has to be ready to receive signals by turning on 4-RX APs. In some sense, how to define the heavy traffic will be different per UE design. However, the testcase must ensure robust test environments to satisfy the statement intention.  First, we would like to comment first about PHICH and PBCH testcases which we propose no test.
PHICH

Since we think that 4-RX AP is an opportunistic feature to improve data receiving performance, PHICH is not directly related with DL data receiving performance improvement from 4-RX APs. When the UE is expected to receive PHICH on its uplink data transmission, there is no guarantee that the UE remains with 4-RX APs. It may reduce error on ACK/NACK reception itself by improving PHICH performances, however it is not obvious whether its improvements lead to system benefits. Since RAN4 does not observe any need to improve PHICH, We propose not to introduce separate PHICH for 4-RX AP UE, which means 2-RX AP UE requirements are applied to 4-RX AP UEs.
Proposal 3 : We propose not to introduce new PHICH requirements for 4-RX AP UEs, which means 2-RX AP UE requirements are applied to 4-RX AP UEs.

PBCH

PBCH resource is allocated without resource management. Demodulation improvement by 4-RX does demodulation is not helpful to bring benefit on resource efficiency. Since a 4-RX AP can switch to 2-RX APs and will be used for opportunistic improvements, PBCH information must be decodable at least with 2-RX APs without system troubles. In that sense, 2-RX requirements on PBCH are enough to sustain the current network deployment, and no need to tighten the performance requirements due to 4-RX AP UE introduction. Also, we found that PBCH is enough robustness so that it could be correctly decoded in low SNRs with 2 RX APs, so the PBCH performance with 2-RX APs is not the bottleneck in the network deployment. 

Proposal 4 : We propose not to introduce new PBCH requirements for 4-RX AP UEs, which means 2-RX AP UE requirements are applied to 4-RX AP UEs.

3 Discussion on Test Methods
Regarding test methods, RAN4 assumes that 4-RX APs can be opportunistically switched for power and performance optimizations. Due to this reason, 4-RX UE tests must be built based on robust understanding on UE AP status. The testcase needs to make sure the 4-RX AP status before measuring performances. Simultaneously, the test method should not be complex in test benches. A contribution in [2] also has addressed a concern on how to define such test conditions. Based on the performance measurements, we discuss the possible methods.
Since the test bench never knows that the UE’s 4-RX AP status or 2-RX AP status and its AP switching timing, it requires special SNR manipulation to ensure 4-RX AP utilization. 
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Figure 1 : Test method outline for 4-RX UE control channel tests
In the figure 1, t2RX  is a period that an UE can detect the traffic until switching to 4-APs, t4RX is the rest of time with 4-APs. X2RX is miss detection rate with 2-APs, and X4RX is miss detection rate with 4-APs. The control tests goal is to measure X4RX. As illustrated in figure 1, the test starts from a training period with a high SNR. The starting SNR should be  high enough to observe the 2-RX miss-detection of DL scheduling (Pm-dsg)  rate  ( X2RX % )  <   ε,  where  ε  is near zero (i.e ~ 0.1%) . After a certain training time, SNR in the test is given with the step function, and the testbench start count miss-detection error from the moment. Since the testbench never knows about AP switching timing, error must be counted only within the testing period with the SNR step function in figure 1. RAN4 can discuss how long the training period is enough in the test. We propose to confirm if such test scenario make sense with current test equipment. Especially, what we are not sure is about error counting; can miss-detection of DL scheduling be counted with SNR step function timing only within the testing period?
If error cannot be counted only during the 4-AP test period, then the measurement process becomes quite tricky because the testbench may count error over the whole time (training period +testing period). Then RAN4 may have to discuss if 2-RX AP to 4-RX AP switching time (t2RX ) is short enough not to impact the miss-detection rate calculation, which is actually related with UE implementation. 
We notice that this measurement method should be used to PDSCH tests as well as PDCCH test to ensure 4-RX AP utilization. RAN4 needs to discuss about the method clearly. Also, test methods must be handy and intuitively understandable in test benches.  
Proposal 5 :  Since the test bench never knows that the UE’s 4-RX AP status or 2-RX AP status and its AP switching timing, testcase conditions is required with special manipulation to ensure 4-RX AP utilization. RAN4 needs to discuss about the method clearly.

 
- Check the test method illustrated in figure 1. Miss-detection rate of 4-RX UE must be counted only when 4-RX AP utilization is ensured.


- Apply the same test method to PDSCH tests as well as PDCCH tests to ensure 4-RX AP utilization.
4 Discussion on PDCCH/PCFICH Testcases and Performance Requirements
In this section, we provide our performance measurements in Table 2 based on our proposal testcases in Table 1. 
Table 2: 4-RX AP UE PDCCH/PCFICH performance summery (FDD)
	Control
Channels
	Reference Testcase (FDD)
	2-RX SNR

at 1% Pm-dsg
	4-RX SNR

at 1% Pm-dsg
	4RX AP UE

Performance

Gain [dB]

	PDCCH
PCFICH
	8.4.1.1
	-5.3dB
	-8.8dB
	3.5dB

	
	8.4.1.2.1
	-2.5dB
	-5.85dB
	3.35dB

	
	8.4.1.2.2
	3.9dB
	1.3dB
	2.6dB


8.4.1.1 (FDD) Single-antenna port performance testcases {8.4.2.2 (TDD)}
A single antenna port performance from testcase 8.4.1.1 is demonstrated in the Figure 2. 

Table 8.4.1.1-1: Minimum performance PDCCH/PCFICH (FDD)
	Test num
	Band
width 
	Aggregation level
	Ref
Channel
	OCNG Pattern
	Propagation Condition
	Antenna config 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	4RX

SNR
	2RX

SNR


	1 
	10 MHz
	8 CCE
TBD
	R.15 FDD
	OP.1 FDD
	ETU70
	1x4 Low
	1
	TBD
	-1.7
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Figure 2 : 4-RX-AP UE PDCCH/PCFICH performances extended from testcase 8.4.1.1
8.4.1.2.1 (FDD) Transmit diversity performance  with 2 Tx AP testcase {8.4.2.2.1 (TDD) }
Transmit diversity performance with 2TX AP  from testcase 8.4.1.2.1 is demonstrated in the Figure 3. 

Table 8.4.1.2.1-1: Minimum performance PDCCH/PCFICH (FDD)
	Test num
	Band
width 
	Aggregation level
	Ref
Channel
	OCNG Pattern
	Propagation Condition
	Antenna config 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	4RX

SNR
	2RX

SNR


	1 
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	 EVA70
	2 x 4 Low
	1
	TBD
	-0.6
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Figure 3 : 4-RX-AP UE PDCCH/PCFICH performances extended from testcase 8.4.1.2.1
8.4.1.2.2 (FDD), Transmit diversity performance  with 4 Tx AP testcase { 8.4.2.2.2 (TDD) }
Transmit diversity performance with 2TX AP  from testcase 8.4.1.2.2  is demonstrated in the Figure 4. 

Table 8.4.1.2.2-1: Minimum performance PDCCH/PCFICH

	Test num
	Band
width 
	Aggregation level
	Ref
Channel
	OCNG Pattern
	Propagation Condition
	Antenna config 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	4RX

SNR
	2RX

SNR


	1 
	5 MHz
	2 CCE
	R.17 FDD
	OP.1 FDD
	 EPA5
	4 x 4 ULA Medium
	1
	TBD
	6.3
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Figure 4 : 4-RX-AP UE PDCCH/PCFICH performances extended from testcase 8.4.1.2.2
5 Discussion on EPDCCH Testcases and Performances
In this section, we provide EPDCCH performance measurements in Table 3 based on our proposal in Table 1. 

Table 3 : 4-RX AP UE EPDCCH performance summery (FDD)
	Control
Channels
	Reference Testcase (FDD)
	2-RX SNR

at 1% Pm-dsg
	2-TX 4-RX SNR

at 1% Pm-dsg
	4-TX 4-RX SNR

at 1% Pm-dsg

	EPDCCH
	8.8.1.1 #1
	1.3dB
	-2.5dB
	-9dB

	
	8.8.1.1 #2
	-5.5dB
	-8.0dB
	Not captured

	
	8.8.2.1 #1
	10dB
	5.3dB
	4.9dB

	
	8.8.2.1 #2
	0.5dB
	-2.5dB
	-3.0dB


8.8.1  EPDCCH Distributed Transmission Testcase 
Distributed transmission is less dependent on channel feedback, as known; it is useful when reliable CSI feedback is not available. Distributed transmission uses frequency diversity by transmitting control signal over multiple PRB pairs across the system bandwidth. From the Figure 5, we can observe large diversity gains combined with the frequency diversity.
Table 8.8.1.1-2: Minimum performance Distributed EPDCCH

	Test num
	Band
width 
	Aggregation level
	Ref
Channel
	OCNG Pattern
	Propagation Condition
	Antenna config 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	4RX

SNR
	2RX

SNR


	1 
	10 MHz
	4 ECCE
	R.55 FDD
	OP.7 FDD
	EVA5
	2 x 4 XPOL Medium
	1
	TBD
	2.60

	2
	10 MHZ
	16 ECCE 
	R.56 FDD
	OP.7 FDD
	EVA70
	2 x 4 XPOL Medium
	1
	TBD
	-3.20
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Figure 5 : 4-RX-AP UE EPDCCH performances extended from testcase 8.8.1.1
8.8.2
Localized Transmission with TM9 

Localized transmission has dependency on channel feedback, so it is useful when reliable CSI feedback is available. Since the testcase is defined with random EPDCCH beamforming, 2x4 and 4x4 shows similar performance gains.
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Figure 6 : 4-RX-AP UE EPDCCH performances extended from testcase 8.8.2.1
Table 8.8.2.1-2: Minimum performance Localized EPDCCH with TM9
	Test num
	Band
width 
	Aggregation level
	Ref
Channel
	OCNG Pattern
	Propagation Condition
	Antenna config 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	4RX

SNR
	2RX

SNR


	1 
	10 MHz
	2 ECCE
	R.57 FDD
	OP.7 FDD
	EVA5
	2 x 4 XPOL Medium
	1
	TBD
	12.2

	2
	10 MHZ
	8 ECCE 
	R.58 FDD
	OP.7 FDD
	EVA5
	2 x 4 XPOL Medium
	1
	TBD
	2.5


6 Conclusion

In this contribution, we discuss 4-RX AP UE control channel test methods and performance requirements. Also we share our performance measurement results. In conclusion, we propose testcase and configurations as below.
Proposal 1: We propose control channel testcases and test configurations for the 4-RX AP UE as Table 1.

Proposal 2: To make them reasonable testcase sets, RAN4 may consider adjusting the aggregation levels in testcase 8.4.1.1 and testcase 8.8.1.1 #2 or avoid the test introduction by testing UE functions through other substituted subtest.

Table 1 : Proposed 4-RX control channel testcases and test configurations
	Control
Channels
	Reference Testcase (FDD),<TDD>
	Sub
Test
 #
	Number of 
TX proposed for 4RX test
	Channel
proposed for 4RX test
	RX Corr
proposed for 4RX test
	Agg.

 Level
	TX type
EPDCCH
	PDSCH
TM
	Note

	
	
	
	
	
	
	
	
	
	

	PDCCH
PCFICH
	8.4.1.1
<8.4.2.2>
	1
	1
	ETU70
	Low
	8CCE 

TBD
	-
	-
	Avoid  test in overstressed SNR region

	
	8.4.1.2.1
<8.4.2.2>
	1
	2
	EVA70
	Low
	4CCE
	-
	-
	

	
	8.4.1.2.2
<8.4.2.2.2>
	1
	4
	EPA5
	ULA

Medium
	2CCE
	-
	-
	

	EPDCCH
	(8.8.1.1)
<8.8.1.2>
	1
	2
	ETU70
	XPOL Medium
	4 ECCE
	Distributed
	TM3
	

	
	
	2
	2
	EVA70
	XPOL Medium
	 16 ECCE 

TBD
	Distributed
	TM3
	Avoid  test in overstressed SNR region

	
	(8.8.2.1)
<(8.8.2.2>
	1
	2
	EVA5
	XPOL Medium
	2 ECCE
	Localized
	TM9
	

	
	
	2
	2
	EVA5
	XPOL Medium
	  8 ECCE
	Localized
	TM9
	

	PHICH
	No test

	PBCH
	No test


Proposal 3 : We propose not to introduce new PHICH requirements for 4-RX AP UEs, which means 2-RX AP UE requirements are applied to 4-RX AP UEs.

Proposal 4 : We propose not to introduce new PBCH requirements for 4-RX AP UEs, which means 2-RX AP UE requirements are applied to 4-RX AP UEs.

Proposal 5 :  Since the test bench never knows  UE’s 4-RX AP status or 2-RX AP status and its AP switching timing, it requires special SNR manipulation to ensure 4-RX AP utilization. RAN4 needs to discuss about the method clearly.

 
- Check the test method illustrated in figure 1. Miss-detection rate of 4-RX UE must be counted only when 4-RX AP utilization is ensured.


- Apply the same test methods to PDSCH tests as well as PDCCH tests.
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