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1 Introduction

In the RAN #66 meeting, a new SID named as “Study on LTE DL 4 Rx antenna ports” was approved, in which the objective of SI is described as:

The main objectives are as follows.
· Identify the scope and objectives of UE RF requirements for 4 Rx AP

· Identify the scope and objectives of RRM core requirements for 4 Rx AP

· Identify the scope and objectives of RRM performance requirements for 4 Rx AP

· Identify the scope and objectives of UE performance requirements for 4 Rx AP

· UE demodulation requirements and

· CSI requirements

There would be only one meeting for this SID to discuss the scope of subsequent WID. So, in this contribution, we will mainly discuss the parts of UE demodulation requirements, and in addition we would like to discuss the impact of introduction of UE with 4Rx on the other RAN WG. Based on the analysis, we will provide our views on the scope and objectives for 4RX AP.
2 Discussion on the scope of 4RX antenna
In this section, we will provide a general discussion and views on the scope of this 4RX SID.
Antenna correlation, Propagation channel
Currently, the modelling of both static propagation condition and multi-path fading propagation conditions in TS36.101 are mainly used for dual-RX-antenna cases.  So, for this SID, it’s important to define the proper propagation conditions for 4RX for the coming demodulation and CSI requirements.  

Regarding the static propagation condition, apparently, section B.1 in TS36.101 only cover the 2RX case, so the static propagation condition for 4RX will be needed.
Regarding the multi-path fading channel, we think the current definition of delay profiles, such as EPA, EVA, ETU, could be reused for 4RX.
Regarding the UE antenna correlation, it seems section B.2.3 in TS36.101 has already defined the modelling of different antenna correlation for UE 4RX antenna. Further verification might be needed to justify whether it’s proper for 4RX or not. 

Proposal 1: Regarding the propagation condition for 4RX requirement, 
· New static propagation condition should be introduced

· Further verification is not precluded to justify the existing modelling of antenna correlation.
Combination of 4RX with legacy or R.13 WI/SI
Regarding so many requirements have been introduced to cover variable features in TS36.101, for the purpose of reducing the workload of 4RX, we would like to suggest the new introduced 4RX requirement should cover the following foundational and essential features, which are:

	
	Features for new 4RX requirements
	Features for reusing legacy 2RX requirements

	1
	Basic features for existing downlink channel and signal
	R.10 eICIC

	2
	MMSE-IRC receiver
	R.11 FeICIC

	3
	ePDCCH
	R.11 CoMP

	4
	
	R.12 advanced receiver (R-ML)

	5
	
	R.12 NAICS

	6
	
	R.xx CA

	7
	
	Others


Based on the above summary, we think the features coved by new 4RX requirements should include the demodulation requirements of 4RX with basic feature for existing downlink channel and signal, MMSE-IRC receiver, ePDCCH, and the others could be tested within legacy 2RX requirements.
Proposal 2: Regarding the features for new 4RX requirements, the following features should be covered. And others could be covered with legacy 2RX requirements:

· Basic features for existing downlink channel and signal
· MMSE-IRC receiver

· ePDCCH

SNR definition of 4RX AP
Currently, the SNR definition for demodulation requirement is only for dual-RX-antenna in section x.x TS36.101, so we should extend or clarify the SNR definition for new 4RX requirement and fallback 2RX requirements.
Proposal 3: The SNR definition for 4RX UE should be extended to new 4RX requirements and fallback 2RX requirements.

3 Discussion on the demodulation requirements
As claimed in section 8.1 in TS36.101, the existing RAN4 demodulation requirements are based on dual-antenna receiver capability. Apparently, we could down-select the existing RAN4 demodulation requirement for 4RX and also introduce some additional tests case for 4RX specific features. Currently, in our opinion, given the sufficient test coverage, the challenge is how to avoid the introduction of too many requirements for 4RX.
To achieve such purpose, we suggest firstly clarify the test purpose of 4RX, and identify which test cases are necessary.
3.1 Test purpose of 4RX
Before introducing demodulation requirements, we should firstly identify the different procedure of UE implementation introduced by 4RX.

When rank1 and rank2

1. Channel estimation:  There is additional channel estimation for the 3rd and 4th RX antenna.
2. MIMO receiver:  the implementation of MMSE(-IRC) with 4RX is different with 2RX, and meanwhile, significant performance gain could be achieved by 4RX

When rank3 and rank4

3. Channel estimation: for DMRS based transmission, additional channel estimation of DMRS port 9 and 10 would be needed.

4. Layer mapping: the mapping of layer  to codeword 
5. MIMO receiver: MMSE(-IRC) should be applicable for 3 and 4 layer transmission.

6. Maximum throughput: up to 4Layer.
So, the test purpose of demodulation requirements for 4RX should be focus on the above aspects.
From the UE behaviour point of view, the demodulation requirement of 4RX should show the significant performance gain over the one of 2RX, so that certain UE reusing legacy dual-RX-antenna couldn’t pass the requirements.
Regarding the issues of rank3 and rank4, as in realistic network, even with 4-RX antenna, it’s would be hard for UE to achieve better performance with layer 3 and 4. So, from this point of view, we would like to suggest that 2 layers are prioritized in 4RX performance requirements. In summary, we propose the test purpose of 4RX should be:

Proposal 4: Test purpose of demodulation requirements for 4RX should
·  Include verifying the following functionalities:

· Channel estimation

· MMSE(-IRC) receiver for 4RX antenna

· Codeword to Layer mapping 

· Maximum throughput

· Avoiding UE reusing the legacy dual-RX-antenna to pass the 4RX tests

·  prioritize 1/2 layers in demodulation performance requirements

3.2 Test cases
In generally, for the purpose of simulation alignment, we would like to provide an initial list of test cases for 4RX demodulation requirement which could be starting-point of discussion.

Table 1 give the legacy test requirements with 4RX, in which the channel estimation and MIMO receiver could be verified by the new performance which is significant better than the one of 2RX. 

Table 1 Test requirements of legacy tests with 4RX antenna
	tests cases
	tests number
	Configurations for the purpose of simulation alignment

	CCH
	PCFICH/PDCCH
	1
	10MHz, 2x2 Low, EVA70, 4 CCE (section 8.4.1.2.1)

	
	PHICH
	1
	5MHz, 4x2 Medium, EPA5 (section 8.5.1.2.2)

	
	ePDCCH
	1
	10MHz, 2x2 low, EVA5 (section 8.8.2.1, Localized transmission of TM9)

	PDSCH
	TM1
	1
	1.4MHz, 1x2 low (test 5 in section 8.2.1.1.1)

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

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

	
	TM4
	2
	10MHz,2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)
10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	
	TM4 

(Type A receiver)
	1
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	PDSCH
	TM9
	2
	10MHz, single layer, 2x2 low, EPA5 (test 2 in section 8.3.1.1)
10MHz, dual layer, 2x2 low, ETU5 (test 1 in section 8.3.1.2)


Table 2 give the new test requirements for 4RX, in which the performances of 3\4 layer are verified. 

Table 2 Test requirements of new tests with 4RX antenna for 3\4 layer
	tests cases
	tests number
	Configurations for the purpose of simulation alignment

	PDSCH
	TM9 (or SDR)
	1
	4x4, 4layer, DMSR port 7\8\9\10


Based on the above proposed test configurations for simulation alignment, we propose that:
Proposal 5: RAN4 takes the proposed test requirements of legacy tests and new tests with 4RX into consideration for the purpose of simulation alignment.
4 Impact on other groups: 
In our understanding, to standardize 4Rx UE we should not only to introduce the new requirements and tests, but also make 4Rx UE bring in the sufficient system gain in the practical network. So we should thoroughly consider all the impacts on specification of introduction of 4Rx UE and should not leave any money on the table.
For TDD, one potential enhancement tightly related to 4Rx UE is the antenna selection for sounding transmission. If the SRS transmission were transmitted from each Rx by switching Tx to each antenna one by one, BS could utilize the channel reciprocity and uplink channel information to accurately calculate the downlink CSI. In that way the system performance could be further improved especially for UE with 1Tx, which would be most use case in the practical network.
Unfortunately in the existing specification, only 2Rx SRS antenna selection is specified in 8.2 of TS36.213 as shown below, where it is only specified the case with mod 2 for 2Rx.
----------------------------------- Text begin of 36.213 ------------------------------------------

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index 
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when frequency hopping is enabled (i.e., 
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----------------------------------- Text end of 36.213 ---------------------------------------------
Therefore, in order to further improve system performance, especially for TDD system, we propose that

Proposal 6: The new WID for 4Rx UE should include the work to specify the support of SRS antenna selection with four receive antennas.
5 Conclusion
In this contribution, we discuss the scope, test purpose and test setups for 4RX demodulation requirements respectively, based on our analysis, we propose that:
Proposal 1: Regarding the propagation condition for 4RX requirement, 

· New static propagation condition should be introduced

· Further verification is not precluded to justify the existing modelling of antenna correlation.

Proposal 2: Regarding the features for new 4RX requirements, the following features should be covered. And others could be covered with legacy 2RX requirements:

· Basic features for existing downlink channel and signal

· MMSE-IRC receiver

· ePDCCH

Proposal 3: The SNR definition for 4RX UE should be extended to new 4RX requirements and fallback 2RX requirements.

Proposal 4: Test purpose of demodulation requirements for 4RX should
·  Include verifying the following functionalities:

· Channel estimation

· MMSE(-IRC) receiver for 4RX antenna

· Codeword to Layer mapping 

· Maximum throughput

· Avoiding UE reusing the legacy dual-RX-antenna to pass the 4RX tests

· prioritize 1/2 layers in demodulation performance requirements

Proposal 5: RAN4 takes the proposed test requirements of legacy tests and new tests with 4RX into consideration for the purpose of simulation alignment
	tests cases
	tests number
	Configurations for the purpose of simulation alignment

	CCH
	PCFICH/PDCCH
	1
	10MHz, 2x2 Low, EVA70, 4 CCE (section 8.4.1.2.1)

	
	PHICH
	1
	5MHz, 4x2 Medium, EPA5 (section 8.5.1.2.2)

	
	ePDCCH
	1
	10MHz, 2x2 low, EVA5 (section 8.8.2.1, Localized transmission of TM9)

	PDSCH
	TM1
	1
	1.4MHz, 1x2 low (test 5 in section 8.2.1.1.1)

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

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

	
	TM4
	2
	10MHz,2x2 low, EVA5, rank1 (test 2 in section 8.2.1.4.1)

10MHz, 4x2 low, EPA5, rank2 (test 1 in section 8.2.1.4.3)

	
	TM4 

(Type A receiver)
	1
	10MHz, 2x2 low, EVA5, rank1, two interference cells (section 8.2.1.4.1B)

	PDSCH
	TM9
	2
	10MHz, single layer, 2x2 low, EPA5 (test 2 in section 8.3.1.1)

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


	tests cases
	tests number
	Configurations for the purpose of simulation alignment

	PDSCH
	TM9 (or SDR)
	1
	4x4, 4layer, DMSR port 7\8\9\10


Proposal 6: The new WID for 4Rx UE should include the work to specify the support of SRS antenna selection with four receive antennas.
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