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1 Introduction

In the RAN4 #74bis meeting, the WF R4-152402 capturing the proposals on control channel requirements for 4RX was discussed, but finally was not approved because of concerns on the ePDCCH feasibility. The proposals in [1] are:
· Extend existing 2RX test configuration for 4RX PDCCH/PCFICH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG . 

· Companies are invited to bring results and analysis based on extension of the existing 2RX configuration to 4RX 

· Extend existing 2RX test configuration for 4RX ePDCCH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG . 

· Companies are invited to bring results and analysis based on extension of the existing 2RX configuration to 4RX 

Based on online discuss, with respect to the control channel requirements for 4RX, most companies hold the views that:

· New 4RX requirements for PCFICH/PDCCH, PHICH, ePDCCH are feasible

· New 4RX requirement for PBCH is not needed.

Regarding that, in this contribution, we would like to provide our analysis on the feasibility again, and then provide our proposals on the test setups with evaluation results.

2 Discussion on control channel requirements for 4RX
2.1 PCFICH/PDCCH/PHICH
As PCFICH/PDCCH/PHICH are allocated in the same region of up to first 3(or 4) symbols, so from the UE implementation point of view, it’s natural to apply same UE behaviour on these three channels.

From network point of view, it should be clarified that:
· All existing LTE network deployments are  supposed to provide sufficient DL control channel coverage for 2 Rx UE, which means

· A 4RX UE using only 2RX for control channel reception can also be served very well in current network.

· Even certain UE enables 4 Rx antenna for DL control channel demodulation and control channel coverage, the network deployment still needs to guarantee sufficient DL coverage for 2 Rx UE (legacy UE) 
· Regarding PDCCH, if certain UE enables 4X antenna, the demodulation performance of PDCCH would be improved and then a low CCE level could be assigned for this 4RX UE. As a result, the total PDCCH capacity could be enlarged.
· Regarding PHICH, as the PHICH channel is not reliable for UE in low SNR condition, network has to use UL grant for retransmission indication. So, if the PHCIH performance could be improved by 4RX, then more PDCCH resource could be reserved for other grant scheduling. 

So, based on the above analysis, although it’s already supported in current network that a 4RX UE use only 2RX for control channel demodulation, however, mandating the 4RX for control channel demodulation could benefit the network PDCCH capacity and then improve network performance. So, from this point of view, there is enough motivation to define 4RX requirements for PCFICH/PDCCH/PHICH.
On the other hand, it’s also reasonable that the UE (or chipset) could have its own behaviour on determining whether and when to switch on the 4RX for control channel. RAN4 could achieve a common understanding on the cases where the UE will not fallback, and then define the test cases based on such scenarios.

Proposal 1: The 4RX performance requirements for PCFICH/PDCCH/PHICH should be introduced, based on a common understanding on the UE fallback behaviour in RAN4.

2.2 ePDCCH
Regarding the ePDCCH, similar with PDCCH, promoting the demodulation performance of ePDCCH is beneficial for enlarge the ePDCCH capacity. 
Meanwhile, different from PDCCH, ePDCCH channel is more like a PDSCH channel, which means the behaviour of whether and how to use 4RX to receive ePDCCH is also similar/aligned with PDSCH. So, it’s natural to expect 4RX for ePDCCH when the indicated PDSCH is required to be received by 4RX.

Proposal 2: The 4RX performance requirements for ePDCCH should be introduced.
2.3 PBCH
Finally, the feasibility of whether to introduce 4RX PBCH should be clarified that:
· It’s fact that all existing LTE network deployments are  supposed to provide good DL control channel coverage for 2 Rx UE. Then a 4RX UE using only 2RX for control channel reception can also be served very well in current network.

· Different from PDCCH, the PBCH resource is consistently allocated, so better demodulation of PBCH is not helpful to bring any benefit on resource saving for network
· 4RX would extend the PBCH coverage, but the extension of PBCH coverage may is helpful to extend the coverage of network, as:
· As PBCH is enough robustness so that it could be correctly decoded in the very low SNR condition with 2RX, so the PBCH performance with 2RX is not the bottleneck for network coverage even for 4RX UE.
· Other restrictions with 4RX are more critical to be solved for the network coverage, such as RLM or PDCCH/PDSCH performance.
· From UE implementation point of view, as the PBCH demodulation and decoding is a fundamental and individual module in chipset and not highly related to other physical procedure, so it’s not necessary to require the 4RX for PBCH without obvious benefits.
Based on the above analysis, it’s concluded that there is no need to define 4RX requirements for PBCH.
Proposal 3: The 4RX performance requirement for PBCH is not needed.

3 Evaluation
With proposals on introducing new 4RX based requirements for PCFICH/PDCCH/ PHICH/ePDCCH, without introducing redundant  discussion on the test setup parameters, we suggest reusing the existing test requirements defined in TS36.101 for 4RX just replace the RX antenna. Taking FDD for example, Table 1/2 gives a summary of down-selected test cases which are suggested as candidate test requirements for 4RX control channel requirements. 
Table 1 Test requirements of PCFICH/PDCCH and ePDCCH with 4RX antenna
	Channel
	Test number
	bandwidth
	aggregation
	Reference channel
	propagation condition
	antenna and correlation

	PCFICH/PDCCH
	section 8.4.1.2.1
	10MHz
	4 CCE
	R.16 FDD
	EVA70
	2 x 2 Low

	PCFICH/PDCCH
	section 8.4.1.2.2
	5 MHz
	2 CCE
	R.17 FDD
	EPA5
	4 x 2 Medium

	ePDCCH (distributed)
	section 8.8.1.1
	10 MHZ
	16 ECCE 
	R.56 FDD
	EVA70
	2 x 2 Low

	ePDCCH (localized)
	section 8.8.2.1
	10 MHZ
	8 ECCE 
	R.58 FDD
	EVA5
	2 x 2 Low


Table 2 Test requirements of PHICH with 4RX antenna
	Channel
	Test number
	bandwidth
	Reference channel
	propagation condition
	antenna and correlation

	PHICH
	section 8.5.1.2.1
	10 MHz
	R.19
	EVA70
	2 x 2 Low

	PHICH
	section 8.5.1.2.2
	5 MHz
	R.20
	EPA5
	4 x 2 Medium


So, in the following section, we would capture link-level simulation to evaluate the demodulation requirements with 2RX and 4RX, the simulation assumptions would follow the parameters in Table 1/2.
Additionally, regarding the concerns about the medium correlation, we also capture the “new medium” correlation defined in [2] for PDCCH and PHICH evaluation.
The simulation results are provided in Figure 1,2,3,4.
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Figure 1 throughput performance of PCFICH/PDCCH 
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Figure 2 throughput performance of ePDCCH 
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Figure 3 throughput performance of PHICH 
It could be observed from the results that:
· For the PCFICH/PDCCH, the performance gain @1% BLER with 4RX would be 2~3 dB.

· For ePDCCH, the performance gain @1% BLER with 4RX would be 2~4dB dB.

· For PHICH, the performance gain @1% BLER with 4RX would be 3~5 dB.

Base on the above observation, from the demodulation performance point of view, the proposed test setup could show significant gain of 4RX, and then are verified as feasible test requirements.

Meanwhile, there are dual test cases for each control channel, and could be treated as duplicated and redundant, so further down-selection might be needed.

Proposal 4: RAN4 adopts the following 4RX requirements for control channel, and down-selection might be needed:

· PCFICH/PDCCH, section 8.4.1.2.1, 10MHz, 4 CCE, R.16 FDD, EVA70, 2 x 2 Low
· PCFICH/PDCCH,section 8.4.1.2.2
5 MHz
, 2 CCE, R.17 FDD, EPA5, 4 x 2 Medium

· ePDCCH (distributed), section 8.8.1.1, 10 MHZ, 16 ECCE, 
R.56 FDD, EVA70, 2 x 2 Low

· ePDCCH (localized), section 8.8.2.1, 10 MHZ, 8 ECCE, R.58 FDD, EVA5, 2 x 2 Low
· PHICH, section 8.5.1.2.1, 10 MHz, R.19, EVA70, 2 x 2 Low

· PHICH, section 8.5.1.2.2, 5 MHz, R.20, EPA5, 4 x 2 Medium
4 Conclusion
In this contribution, we discuss the feasibility of introducing 4RX performance requirements for control channels, and provide our proposals on the test cases with simulation results. Based on our analysis, we propose that:

Proposal 1: The 4RX performance requirements for PCFICH/PDCCH/PHICH should be introduced, based on a common understanding on the UE fallback behaviour in RAN4.

Proposal 2: The 4RX performance requirements for ePDCCH should be introduced.

Proposal 3: The 4RX performance requirement for PBCH is not needed.

Proposal 4: RAN4 adopts the following 4RX requirements for control channel, and down-selection might be needed:

· PCFICH/PDCCH, section 8.4.1.2.1, 10MHz, 4 CCE, R.16 FDD, EVA70, 2 x 2 Low
· PCFICH/PDCCH,section 8.4.1.2.2
5 MHz
, 2 CCE, R.17 FDD, EPA5, 4 x 2 Medium

· ePDCCH (distributed), section 8.8.1.1, 10 MHZ, 16 ECCE, 
R.56 FDD, EVA70, 2 x 2 Low

· ePDCCH (localized), section 8.8.2.1, 10 MHZ, 8 ECCE, R.58 FDD, EVA5, 2 x 2 Low
· PHICH, section 8.5.1.2.1, 10 MHz, R.19, EVA70, 2 x 2 Low

· PHICH, section 8.5.1.2.2, 5 MHz, R.20, EPA5, 4 x 2 Medium
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