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1. Introduction
An UE with 4-Rx antenna ports has been approved as a working item [1]. A 4-RX antenna UE is one of important features to improve throughput performance dramatically by improving beam forming gain and receiver sensitivity. In the meantime, since 4-RX causes significant complexity incensement in overall UE components like RF, demodulation and CSIFB, it requires studies on UE capabilities supporting 4-RX feature and testcases. We discuss possible test approaches and challenges of UE implementations in this contribution.
The WI proposal in [1] has pinned out demodulation, CSIFB and RRM topics as below. 
· Update SNR definition for 4 Rx AP

· Define proper antenna configuration, MIMO channel correlation matrices, propagation channel condition for 4 Rx AP based MIMO in order to support UE performance and CSI requirement

· Specify RRM performance requirement with 4 Rx AP including

· Measurements performance requirements
· Specify UE performance requirement with 4 Rx AP including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)
· Single antenna port performance

· Transmit Diversity

· Large delayed CDD

· Closed Loop spatial multiplexing

· Demodulation of PDSCH (User-Specific Reference Symbols)
· Demodulation of PCFICH/PDCCH
· Demodulation of PHICH
· Demodulation of PBCH
· Sustained downlink data rate provided by lower layers
· Demodulation of EPDCCH
· Specify CSI requirement for 4 Rx AP including 
· CQI

· PMI

· RI
· Candidate receivers are MMSE-MRC/IRC, SU-MIMO IC receivers depending on different scenarios. 
· A UE with 4 Rx AP configured should be able to fall back to 2 Rx AP and pass the requirements defined for 2 Rx AP. 
· UE performance and CSI requirements with 4Rx AP should include both 2 layers and 4 layers

· 2 layers are prioritized
This contribution discusses further topics and specific discussion points regarding the proposed items and clarifies our standings on the WI. 

2. Discussion
A 4-RX UE rises various discussion points because its impacts to a UE design are found widely in a modem and a RF chipset.  On the top of design changes, new performance requirements are needed for the 4-RX UE, and 2-RX performance requirements in the current TS 36.101 are obviously inappropriate to be applied to the 4-RX UE due to significant performance enhancement. For 4-RX UE testcases development, we foresee numerous discussions are required in RAN4 such as MIMO layer configuration, detector type, antenna switching, PHY channel supports, concurrent feature supports and so on. Under the wide range of discussion items, a study scope must be appropriately set first for efficient discussions. 
2.1  4-RX Demodulation and CSIFB Studies
This WI is facing a large amount of works. In principle, RAN4 will revisit all the test scenarios in chapter 8 and 9 of the current TS.36.101 [2], and then have to introduce new requirements under the same or similar scenarios for 4-RX UE.  Therefore it would be good to discuss a testing scope of 4-RX UE first. A main motivation of the 4-RX UE is to achieve high data rate from diversity gain. Therefore, testcases developed in Rel-13 need to reflect the motivation enough and take MIMO capabilities for the high data rate into account. In the meeting #74, we want to review carefully in prioritizing 4-RX study scenarios in Rel-13 based on the proposal items. 
MIMO configurations candidates for 4-RX study

In the 4-RX UE proposal of [1], MIMO configurations have been prioritized as follow
· 4-RX with 2 layer ( prioritized in Ericson’s WI proposal )

· 4-RX with 4 layer

First, a TX antenna configuration must be essentially discussed. Within the scope of the proposal, it sets priorities on 4-RX 2-layers, which means 2x4 2-layer or 4x4 2-layers. It seems a kind of compromised solutions considering design channellings by trading-off the peak date rates of 4-MIMO layers.

We pay more attention to performance point of view of a 4 Rx UE. The high data rate is the most promising motivation of this study. A 4-RX UE with 4-MIMO layers allow higher UE data rates in a wide range of scenarios and improved receiver sensitivity. As shown in simulations of figure-1, it achieves double throughput performance of 2x2 2-layers in similar SNR regions. From the table 2-1, we regard that four MIMO layer is mentioned as one of key technologies to achieve down link1Gbp data rate in Rel-13 product. Therefore, we propose to prioritize 4-MIMO layer study and it includes 1,2 and 3-MIMO layer studies too. 
             Table 2‑1 : Data rates with 4-RX and current features  
                                 ( Cat 12/13 up to Rel-12 supports DL 600Mbps )
	
	2-CA
	3-CA
	4-CA
	5-CA

	2-layers /  64QAM
	300Mbps
	450Mbps
	600Mbps
	750Mbps

	2-layers / 256QAM
	400Mbps
	600Mbps
	800Mpbs
	1Gbps

	4-layers /  64QAM
	600Mbps
	900Mbps
	1.2Gbps
	1.5Gbps

	4-layers / 256QAM
	800Mbps
	1.2Gbps
	1.6Gbps
	2Gbps


One important message from 4-RX UE study is to enable the target data rate with technology combination options. By combining with 256QAM and carrier aggregation, a 4-RX antenna port is a key component to support the goal. Currently, up to Rel-12, cat 12/13 is listed with max 600Mbps data rate [3].  For Rel-13 we want technology choices become various toward a target data rate. As we predict market demands, Rel-13 data rate possibly jumps up to 1Gpbs with 5-CA+256QAM rather than settling down in 750Mbps with 5-CA+64QAM. For possible choices, if 2-layers are only required in Rel-13 UE requirements, the only option to get 1Gbps target is 2-layers+256QAM+5CA. If 4-layers are supportive in Rel-13 UE requirements, other options become available such as {2CA+64Q+4layers}+{3CA+64Q+2layers}. Because it is hard to mention in RAN4 discussions which choice will be a main pipeline to go toward 1Gbps, RAN4 should not prioritize a certain option. Opening various technologies combinations will be desirable in Rel-13 discussions in RAN4. 
Another reason to support 4-layer is that Rel-13 is supposed to start indoor LTE network deployments. While it has been regarded that rank-4 of outdoor MIMO channels rarely appears in channel measurements, indoor MIMO channels will be considerable with rank-4. 

Due to the reasons above, we believe that study on 2 layer cases like {2x4 2layers} or {4x4 2-layers} have less priority comparing to 4-layers. It would be desirable for RAN4 to make ecosystem with a few possible options rather than prioritizing a specific MIMO layer combination. Therefore, Rel-13 needs to support its full MIMO capability, and consequently 4-TX is necessary.
In using the 4-layer MIMO configuration, we also expect exceptional cases which may be hard to support 4-MIMO layer usecases with some current features. We foresee that 4-MIMO layer processing with TM10 layers with multiple CSI process or 256QAM may cause high demanding hardware complexity. In the cases, we suggest to selectively determine MIMO configurations as 4x4 2-layers. 
In summary, we prioritize 4x4 with 4-MIMO layers in Rel-13 WI over 4x4 with 2- MIMO layers. This means that 4-RX UE performance requirements are needed for all MIMO layers up to 4 layers. 
Proposal 1 : 
We propose to study TX-RX 4x4 with supporting MIMO layer =1,2,3 and 4 in Rel-13. 

· 4x4 4-layer ( prioritized in Rel-13 study )

· 4x4 2-layer ( considered when 4-RX UE studies with concurrent features appears challenging )

· 2x4 2-layer ( with low priority in Rel-13 study )
MCS modulations for 4-RX UE study 

Up to Rel-12, QPSK, 16QAM, 64QAM and 256QAM have been available. Supporting 4-layers with 256QAM will be controversial, especially depending on detector type. For ML-type detectors, complexity may increase with 256QAM with 4 layers. In our analysis, R-ML detector complexity with 256QAM itself is not so nightmare, but combining it with 4-layers would be challenging depending usecases or unrealistic depending on operating SNR region. However, since 256QAM + {4-RX} combination is highlighted to achieve high data rate, WI must include 256QAM in the 4-RX UE study scope.

Proposal 2 : We propose that 4-RX study scope involves 256QAM.   
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Figure 1 : TM-9 MMSE-IRC and R-ML performance comparisons with 2x4, 4x4 with 2/4 layer configurations
Baseline detector for 4-RX UE study
We support both MMSE-IRC and R-ML-IRC detectors for WI, however the dual detectors study may cause heavy work load in RAN4, which is already overloaded with many 4-RX UE test scenarios. It would be ideal to choose one of detectors with priority. Also, depending on MIMO configurations, we observe that R-ML does not make significant performance gains with 4x4 1-layers or 2-layers, so a single baseline detector is more convincing. RAN4 can determine a baseline detector through discussions. For control channel studies, MMSE-MRC has been a baseline detector. For 4-RX UE study, we propose to use MMSE-MRC as a baseline detector for control channels. 
In summary, we support 4x4 MIMO performance studies using both R-ML and MMSE-IRC for PDSCH, and MMSE-IRC for PDCCH. 
Proposal 3 : 
· We support 4-RX UE studies using both R-ML and MMSE-IRC detectors for PDSCH and MMSE-MRC detectors for control channels. 
4-RX antenna fall-back
The WI proposal in [1] has proposed  “a UE with 4 Rx AP configured should be able to fall back to 2 Rx AP and pass the requirements defined for 2 Rx AP.” 
The statement in the proposal is not clear how fall-back behaviours of 4-RX UE are defined. We wonder (i) how to switch antennas to fall-back from 4-RX to 2-RX, (ii) whether it is necessary that the 4-RX UE is tested through 2-RX requirements by the switching antennas (or in fall-back mode)? In general, an UE may try antenna switching for power saving or for other saving- efficiency purposes, anyhow it is an UE implementation issue. For instance, if 2-RX UE may try the antenna switching and fall back to 1-RX, at any rate, the UE must pass the 2-RX performance requirements no matter to use 1-RX AP or 2-RX AP. Demodulation testcases does not separately define 1-RX AP requirement for antenna fall-back of a 2-RX UE. Likewise, 4-RX UE requirements will be applied to 4-RX UEs in the same manner. Therefore, RAN4 does not need to specify antenna behaviours through performance requirements between 2-RX and 4-RX. 
Proposal 4 : 
· We suggest to clarify fall-back behaviors from 4-RX AP to 2-RX AP further. It assumes that 2-RX UE performance can be superior to 4-RX UE in coner cases, but it is not convincing that RAN4 needs to study such coner cases. 
· We prefer not to specify any fall-back behaviours or requirements. For a 4-RX UE, 4-RX requirements are tested only.
Testing PHY channel 

A 4-RX UE performance improvement from 4-RX diversity and receiver sensitivity is widely achieved over all PHY channels. In principle, RAN4 needs to revisit all test scenarios over the PHY channels in 2-RX UE test requirements. The proposal addresses needs on all PHY channels of

· PDSCH  (TM 1,2,3,4, 9, 10)
· PCFICH/PDCCH
· PHICH 

· PBCH
· EPDCCH
We agree to the WI proposal, and new requirements are required over all channels. As discussed above, any discussion on fall-back behaviours on control channels is also unnecessary. 
For study load reduction, essential transmission modes for 4-layers can be prioritized. In our view, TM 2, 3, 4 and TM9 have high priority due its MIMO usecases. A reason of TM10 exception is addressed in CSIFB part.
On the top of PHY channel test scenarios, interference scenarios are necessary to 4-RX study. In order to support 4-RX-IRC, an UE must be able to compute 4x4 covariance matrix and decomposition. Its performance depending on covariance matrix estimation and channel correlations is expected to vary significantly; so it is desirable that RAN4 studies 4-RX UE-IRC with interference scenarios.
Proposal 5 :

· We support 4-RX studies on PHY channels  of PDSCH  (TM 1,2,3,4,9,10) , PCFICH/PDCCH, PHICH , PBCH, EPDCCH with priortizing TM 2,3,4 and TM9.
· Four-RX-IRC performance study under interference scenarios for PDSCH is eccentially required.  
CSIFB 

Corresponding to discussion on MIMO configurations and transmission modes above, CSIFB studies and new requirements are required. For rank, rank adaptation up to RI=4 and for PMI, beamforming matrix adaptation up to 4-TX are required in 4-RX UE study. For CQI, an UE reports CQI per a codeword, so max 2 CQIFB testcase can be reused. However since all conformance level of chapter 9 testcases is set for 2-RX, the current testcases in chapter 9 need to adjust with new conformance levels (i.e SNR range) in testcases for 4x4 with RI=1,2. Also, new CQI requirements for RI=3,4 should be additionally introduced.

Another point of 4-RX UE CSIFB consideration is TM10 multiple CSI process complexity. In complexity analysis, a feature combination of TM10 4-layer and multiple (four) CSI processes increases hardward complexity/process dramaticaly. In TS 36.101 chapter 9 as well as chapter 8, there are TM10 testcases using four CSI processes, in this case, we propose to use 4x4 2-layers for TM10 4-RX UE test scenarios.
Proposal 6 :

· We support all RI, PMI and CQI test requirements with 4x4 4-layer MIMO configuration. 

· We propose a study with 4x4 2-layer  for TM10 testcases ( both in demod and CSIFB )
3. Conclusion
After reviewing the WI proposal in [1], we propose 4-RX UE studies as
Proposal 1 : We propose to study TX-RX 4x4 with supporting MIMO layer =1,2,3 and 4 in Rel-13. 

· 4x4 4-layer ( priortized in Rel-13 study )

· 4x4 2-layer ( considered when 4-RX UE studies with concurrent features appears challenging )

· 2x4 2-layer ( with low priority in Rel-13 study )
Proposal 2 : We propose that 4-RX study scope involves 256QAM.  
Proposal 3 : We support 4-RX UE studies using both R-ML and MMSE-IRC detectors for PDSCH and MMSE-MRC detectors for control channels. 
Proposal 4 : 
· We suggest to clarify fall-back behaviors from 4-RX AP to 2-RX AP further. It assumes that 2-RX UE performance can be superior to 4-RX UE in coner cases, but it is not convincing that RAN4 needs to study such coner cases. 

· We prefer not to specify any fall-back behaviours or requirements. For a 4-RX UE, 4-RX requirements are tested only.
Proposal 5 :

· We support 4-RX studies on PHY channels  of PDSCH  (TM 1,2,3,4,9,10) , PCFICH/PDCCH, PHICH , PBCH, EPDCCH with priortizing TM 2,3,4 and TM9.

· Four-RX-IRC performance study under interference scenarios for PDSCH is eccentially required.  
Proposal 6 :

· We support all RI, PMI and CQI test requirements with 4x4 4-layer MIMO configuration. 

· We propose a study with 4x4 2-layer  for TM10 testcases ( both in demod and CSIFB )
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