3GPP TSG-RAN WG4 #76
R4-154096
Beijing, China, 24th – 28th August 2015
Agenda item:
7.8.4.2
Source: 
Qualcomm Incorporated
Title: 
Control channel demodulation performance of 4 Rx UE
Document for:
Discussion
1. Introduction
In RAN4 #75, there was further discussion for control channel demodulation performance for 4 Rx UE and following agreement was made [1]. 

· For PDCCH/PCFICH : Previous agreement to reuse 2RX test procedures is confirmed, subject to companies checking the RAN5 specification aspects.

· Alignment results are invited in RAN4#76

· ePDCCH : Agree to develop ePDCCH test, further checking to be made for test conditions. Companies to verify if existing test procedure can be reused

· Study of PBCH feasibility is deprioritised during 4RX core part discussion

In this contribution, we provide further discussion on remaining issues and simulation results for PDCCH/PCFICH and EPDCCH demodulation performance of 4 Rx UE. 
2. PHICH demodulation test
PHICH is DL control channel to convey HARQ ACK/NACK feedback for PUSCH transmission. PHICH demodulation performance requirements are specified for 2 Rx UE in section 8.5 of TS 36.101. RAN4 has consensus that additional power consumption with 4 Rx operation of UE can be justified by DL throughput enhancement. In order to guarantee 4 Rx operation on UE, it was agreed that PDSCH and PDCCH/PHICH demodulation performance requirements are specified under the condition that PDSCH is continuously scheduled during the test. As noted already, PHICH demodulation is necessary for PUSCH transmission and is not directly related to PDSCH demodulation. Therefore, UE may or may not enable 4 Rx antenna depending on PDSCH demodulation status. 
Observation 1. PHICH demodulation is not directly related to PDSCH demodulation. UE may or may not enable 4 Rx antenna depending on PDSCH demodulation status. 
In case of PDCCH/PCFICH, system can benefit from improved demodulation performance by using control channel outer loop to optimize control channel aggregation level and thus increase control channel capacity. However, in case of PHICH, there is no such link adaptation concept applicable to PHICH transmission. Even though UE can improve PHICH demodulation performance by 4 Rx demodulation, it is not clear how system can benefit from it. 
Observation 2. It is not clear how network can benefit from improved PHICH demodulation performance of 4 Rx UE. 

Proposal 1. Deprioritize PHICH demodulation test for 4 Rx UE. 
3. PDCCH/PCFICH demodulation test

It was agreed to expand existing PCFICH/PDCCH test configuration for 2 Rx UE defined in section 8.4 of TS 36.101. Following tests are defined for PCFICH/PDCCH. 
· Single-antenna port performance (1x2, 8 CCE, ETU70)
· Transmit diversity performance with 2 Tx antenna port (2x2, 4 CCE, EVA70)
· Transmit diversity performance with 4 Tx antenna port (4x2, 2 CCE, EPA70)

Figure 1 shows PDCCH BLER performance of 2 Rx and 4 Rx UE. Table 1 summarizes performance gain of 4 Rx demodulation over 2 Rx demodulation at 1% BLER. We can see that performance gain ranges from 2.3dB to 3.2dB depending on antenna configuration and aggregation level. Therefore, we can conclude that all three tests are feasible for verification of 4 Rx performance. 
For test case selection, we need to consider test applicability for 2 Rx and 4 Rx tests. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx tests, it would be desirable to define minimum number of tests for 4 Rx. However, if RAN4 decision is to apply only 4 Rx tests when UE supports 4 Rx, we should duplicate all 3 tests for 4 Rx UE. 
Proposal 2. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx requirements, define one 4 Rx test with 2 Tx antenna configuration. Otherwise, duplicate all 3 PCFICH/PDCCH tests for 4 Rx UE. 

Table 1. Performance gain of 4 Rx demodulation over 2 Rx demodulation
	Test case
	Single antenna port
	Transmit diversity with 2 Tx antenna port
	Transmit diversity with 4 Tx antenna port

	Gain (dB)
	2.8
	3.2
	2.3
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(a) Single antenna port performance 
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(b) Transmit diversity performance with 2 Tx antenna port
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(c) Transmit diversity performance with 4 Tx antenna port

Figure 1. PCFICH/PDCCH demodulation performance

4. EPDCCH demodulation test

It was agreed to investigate whether RAN4 can define EPDCCH demodulation performance requirement of 4 Rx UE by leveraging existing EPDCCH demodulation test procedure for 2 Rx UE. In TS 36.101, following EPDCCH demodulation tests are specified.
· Distributed EPDCCH test (8.8.1)
· Localized EPDCCH test with TM9 (8.8.2)

· Localized EPDCCH test with TM10 QCL type-B (8.8.3)

Since localized EPDCCH demodulation for TM9 and TM10 is almost same except for QCL handling, it would be desirable to for RAN4 to consider localized EPDCCH test only for TM9. We ran simulation for EPDCCH demodulation test for 4 Rx UE based on test set up of existing EPDCCH test. As shown in Figure 2, 4 Rx UE can provide significant performance gain over 2 Rx UE. 
Proposal 3. Introduce 4 Rx demodulation test for distributed EPDCCH and localized EPDCCH test with TM9 by reusing existing EPDCCH test set up. 

Proposal 4. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx requirements, define one distributed EPDCCH test with aggregation level 16 and one localized EPDCCH test with aggregation level 2.
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(a) Distributed EPDCCH

Simulation result to be added

(b) Localized EPDCCH

Figure 2. EPDCCH demodulation performance

5. Conclusions

In this contribution, we provided further discussion on remaining issues and simulation results for PDCCH/PCFICH and EPDCCH demodulation performance of 4 Rx UE. Our observations and proposals are
Observation 1. PHICH demodulation is not directly related to PDSCH demodulation. UE may or may not enable 4 Rx antenna depending on PDSCH demodulation status. 

Observation 2. It is not clear how network can benefit from improved PHICH demodulation performance of 4 Rx UE. 

Proposal 1. Deprioritize PHICH demodulation test for 4 Rx UE. 

Proposal 2. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx requirements, define one 4 Rx test with 2 Tx antenna configuration. Otherwise, duplicate all 3 PCFICH/PDCCH tests for 4 Rx UE. 

Proposal 3. Introduce 4 Rx demodulation test for distributed EPDCCH and localized EPDCCH test with TM9 by reusing existing EPDCCH test set up. 

Proposal 4. In case RAN4 agrees that UE needs to fulfill both 2 Rx and 4 Rx requirements, define one distributed EPDCCH test with aggregation level 16 and one localized EPDCCH test with aggregation level 2.
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