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1 Introduction

In RAN #67 meeting, a new WID [1] named as “New Work Item: LTE DL 4 Rx antenna ports” was approved, in which the objective on PDSCH demodulation requirements is described as:

The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

In the RAN4 #74bis meeting, there were many discussion on the PDSCH demodulation requirements, but not approved any related agreements. So, in this contribution, we will further discuss the PDSCH demodulation requirements, and then provide our proposals on the test cases based on simulation results. 

2 Discussion on the scope 
In this section, based on the objectives in WID [1] and the inputs from contributions [2]~[9] in the last meeting, we would like to discus the scope of PDSCH requirements with 4RX. Basically, this discussion aims at answering the question: 
· Regarding so many PDSCH related features in R.8~R.13, which features shall be jointly verified with 4RX? 
Transmission modes
Generally, for the purpose of covering most test cases, we suggest the PDSCH TM2/TM3/TM4/TM9 should be taken for 4X PDSCH performance tests, because 
· TM1: 1TX antenna is not usually deployed by operator.
· TM5: it’s seldom taken into consideration in RAN4 demodulation requirements.
· TM6: it’s the rank1 cases of TM4.
· TM10: similar with TM9 from UE implementation point of view, no strong motivation to verify TM10 and 4RX jointly.
Proposal 1: The new 4RX PDSCH requirements only cover TM2/3/4/9.
Receivers
Several receivers are listed for further investigation in the WID. Currently, MMSE(-IRC) receiver is fully studied and widely  used as baseline receiver in RAN4 topics, so it too hard to skip over the MSME-IRC receiver and directly jump to other advanced receiver. Considering that, we propose to adopt the MMSE(-IRC) as the baseline receiver for 4RX PDSCH demodulation requirements.
Proposal 2: Adopt MMSE(-IRC) receiver as the baseline receiver for 4RX PDSCH demodulation requirements.
Additionally, it’s still unclear about the implementation complexity and performance gain of advanced receiver, compared with MMSE(-IRC) receiver, so FFS is needed before introduce test requirements. 

Proposal 3: Study the feasibility on the complexity and performance for advanced receiver (such as R-ML and CWIC).
256QAM

The combination of 256QAM and 4RX is a promising feature, because

· With low rank (rank1 or 2), 4RX would provide significant receiver diversity gain so that makes 256QAM more likely to be used.

· With high rank (rank3/4), the combination of 4Layer and 256QAM would lead to a high peak date rate.

So, it would be attractive for RAN4 to define 256QAM PDSCH requirements for 4RX.

Proposal 4: 256QAM should be covered by 4RX PDSCH performance requirements.
3 Discussion and evaluation on the test cases 
As claimed in section 8.1 in TS36.101, the existing RAN4 demodulation requirements are based on dual-antenna receiver capability. For the purpose of not involving additional discussion on the test setup for each test cases, we would like to determine the new 4RX requirements based on the existed 2RX requirements while only replacing the RX antenna and updating the performance requirements. 
Currently, given the sufficient test coverage, the challenge is how to avoid too many test cases for 4RX.
With the proposal 1/2/3, we tentatively provide a list of test cases for new-performance requirements, captured in Table 1.
Table 1 Test requirements of legacy tests with 4RX antenna
	Number
	Test cases
	Configurations for the purpose of simulation alignment

	1
	TM2
	10MHz, 2x2 medium, EVA5 (test 1 in section 8.2.1.2.1)

	2
	TM3
	10MHz, 2x2 low, EVA70, rank2 (test 1 in section 8.2.1.3.1)

	3
	TM4, single-layer
	10MHz, 2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)


	4
	TM4, dual-layer
	10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	5
	TM4, Type A receiver
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	6
	TM9, single-layer
	10MHz, single layer, 2x2 low, EVA5 (test 1 in section 8.3.1.1)

	7
	TM9, dual-layer
	10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)

	8
	TM9, four-layer SDR
	4x4, 4layer, DMSR port 7\8\9\10


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.

The simulation results are provided in Figure 1,2,3,4.
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Figure 1 throughput performances of 2RX and 4RX for TM2 
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Figure 2 throughput performances of 2RX and 4RX for TM3 
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Figure 3 throughput performances of 2RX and 4RX for TM4
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Figure 4 throughput performances of 2RX and 4RX for TM9
It could be observed that sufficient and significant performance gains could be achieved with 4RX, so from performance point of view, the proposed cases in Table 1 are justified.
Meanwhile, the proposed cases in Table 1 are fundamental and essential ones, and based on the further discussion in RAN4, such as 256QAM, other test cases may be further introduced. 

So, we propose that

Proposal 5: RAN4 adopts the following 4RX requirements for PDSCH, and other test cases are not precluded:

	Number
	Test cases
	Configurations for the purpose of simulation alignment

	1
	TM2
	10MHz, 2x2 medium, EVA5 (test 1 in section 8.2.1.2.1)

	2
	TM3
	10MHz, 2x2 low, EVA70, rank2 (test 1 in section 8.2.1.3.1)

	3
	TM4, single-layer
	10MHz, 2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)


	4
	TM4, dual-layer
	10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	5
	TM4, Type A receiver
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	6
	TM9, single-layer
	10MHz, single layer, 2x2 low, EVA5 (test 1 in section 8.3.1.1)

	7
	TM9, dual-layer
	10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)

	8
	TM9, four-layer SDR
	4x4, 4layer, DMSR port 7\8\9\10


4 Conclusion
In this contribution, we discuss the scope and test cases for 4RX PDSCH demodulation requirements, and further evaluate the feasibility of proposed tests. Based on our analysis, we propose that:

Proposal 1: The new 4RX PDSCH requirements only cover TM2/3/4/9.
Proposal 2: Adopt MMSE(-IRC) receiver as the baseline receiver for 4RX PDSCH demodulation requirements.
Proposal 3: Study the feasibility on the complexity and performance for advanced receiver (such as R-ML and CWIC).
Proposal 4: 256QAM should be covered by 4RX PDSCH performance requirements.
Proposal 5: RAN4 adopts the following 4RX requirements for PDSCH, and other test cases are not precluded:

	Number
	Test cases
	Configurations for the purpose of simulation alignment

	1
	TM2
	10MHz, 2x2 medium, EVA5 (test 1 in section 8.2.1.2.1)

	2
	TM3
	10MHz, 2x2 low, EVA70, rank2 (test 1 in section 8.2.1.3.1)

	3
	TM4, single-layer
	10MHz, 2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)


	4
	TM4, dual-layer
	10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	5
	TM4, Type A receiver
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	6
	TM9, single-layer
	10MHz, single layer, 2x2 low, EVA5 (test 1 in section 8.3.1.1)

	7
	TM9, dual-layer
	10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)

	8
	TM9, four-layer SDR
	4x4, 4layer, DMSR port 7\8\9\10
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