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1. Introduction

In the last RAN plenary, the work item for 4Rx AP UE was approved [1]. The objective for demodulation requirements of PDSCH for this WI is 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 this contribution, we provide our views on the demodulation requirements of PDSCH for 4Rx AP UE. 
2. Discussion
Up to Rel.12, a large number of demodulation requirements of PDSCH related to the features of LTE/LTE-A are specified in [2]. In the most of those requirements, 2Rx AP is assumed, i.e., there is no requirement for 4Rx AP at this moment. In the last RAN4 meeting, the scope of this WI was discussed since this WI has a very large scope, and it was narrowed down [1]. Specifically, it was agreed that MMSE-MRC/IRC, R-ML and CWIC should be considered as a candidate receiver, i.e., NAICS (and Cat. 0) receiver are excluded in this WI. However, we consider that how to handle CA-related feature (CA, DC and TDD FDD CA) and interference coordination feature (e.g. FeICIC, CoMP) would be still open because there is no agreement for those features. 
Table 1 summarized the features of LTE/LTE-A, interference coordination and the current scope of this WI. From below analysis, further limitation of the scope of this WI is needed because this WI still has a large scope.

Proposal 1: Further limitation of the WI scope is needed for demodulation requirements of PDSCH to specify more important requirements certainly by the completion date..

Table 1 Summary of LTE/LTE-A, interference coordination features and WI scope
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Release

8 9 10 11 12

Fundamental reception without CA

Single port transmission ◯ ◯ ◯ ◯ ◯

Transmission diversity ◯ ◯ ◯ ◯ ◯

Open-loop spatial multiplexing ◯ ◯ ◯ ◯ ◯

Closed-loop spatial multiplexing (CRS-based) ◯ ◯ ◯ ◯ ◯

Closed-loop spatial multiplexing (DMRS-based) ◯ ◯ ◯

Small Cell Enhancement (256QAM) ◯

Sustained Data Rate ◯ ◯ ◯ ◯

CA-related reception

Carrier aggregation (w/ power imbalance, soft buffer) ◯ ◯ ◯

Dual Connectivity ◯

TDD FDD CA ◯

Reception with interference 

coordination

eICIC ◯ ◯ ◯

feICIC ◯ ◯

CoMP ◯ ◯

Advanced reciever

MMSE-IRC receiver ◯ ◯

SU-MIMO receiver (R-ML, CWIC) ◯

NAICS receiver ○

(Low complexity UE) Cat. 0 receiver ○

Out of scope

In scope


In the RF part at the last meeting, it was already agreed that the requirements for single LTE are specified firstly [1]. However, there were no agreements in the performance part as above mentioned. In our perspective, one of the most important aspects for this WI is to improve the peak throughput. In that sense, CA-related features with 4Rx AP are essential and more important compared to interference coordination techniques (FeICIC and CoMP). Hence we proposes that RAN4 should specify demodulation requirements of PDSCH for not only non-CA but also CA-related features.
Proposal 2: Aim to specify demodulation requirements of PDSCH for not only non-CA feature but also CA-related features assuming 4Rx AP to ensure peak throughput.
Observation 1: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP is FFS.

In addition, we propose the following phased approach similar to the agreement in the RF part in order to specify the demodulation requirements of PDSCH certainly:

Proposal 3: Consider the following phased approach for demodulation requirements of PDSCH:
· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:
· Single port transmission
· Transmission diversity
· Open-loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

· Small Cell Enhancement (256QAM)

· Sustained Data Rate
· Advanced receiver (MMSE-IRC, R-ML, CWIC) 

· Phase-2: Focus on CA-related features:

· Carrier aggregation (w/ power imbalance, soft buffer)

· TDD FDD CA

· Dual Connectivity
· Phase-3 (if needed) : Focus on (F)eICIC and CoMP 

Note that we can advance to next phase if a fundamental specification of previous phase is completed. In other words, the last of the phase-1 (phase-2) could be performed in parallel with the first of the phase-2 (phase-3). 
In the following parts, we provide our view on each phase.
2.1. Phase-1 for non-CA features except (F)eICIC and CoMP
Test purpose
A UE with 4 Rx AP can utilize higher receiver diversity gain compared to that with 2 Rx AP. Since the demodulation performance of PDSCH can be improved thanks to the receiver antenna diversity, the UE would be able to correctly receive the down link physical channels specifically in the low geometry area. In addition, in the NW supporting 4x4 MIMO or 8x4 MIMO, the UE with 4 Rx AP can utilize up to four layers spatial multiplexing. Therefore, the peak throughput can be improved according to the number of transmission layers, i.e., the performance of four layers can be double compared to that of two layers. In that sense, the purpose of this WI might include the verification of diversity gain and performance of 4 layer multiplexing.
Observation 2: Test purpose of this WI includes
· Verification of the diversity gain assuming legacy layer (1 and/or 2)
· Verification of the performance of 4 layer spatial multiplexing

Proposal 4: Above two purposes should be treated with equal priority.
Transmission mode and Duplex mode
In the last meeting, it was agreed to specify UE performance requirements for demodulation of PDSCH assuming both Cell-specific and User-specific Reference Symbols. From the operator point of view, the demodulation requirements of PDSCH assuming the following features should be included into [2] for the flexible network deployment. Note that we do not intend to exclude the other features.
Proposal 5: Performance requirements assuming the following features should be specified at least for the flexible network deployment. Note that we do not intend to exclude other features.
· Transmission diversity

· Open loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

Proposal 6: Performance requirements for both FDD and TDD should be specified. 
256QAM
Up to Rel-12, QPSK, 16QAM, 64QAM and 256QAM have been available. As already mentioned, we consider that 4Rx AP is important for improving the peak throughput. In this sense, it would be reasonable that up to 64QAM is assumed to verify the fundamental demodulation capability of PDSCH, but the requirements for 256QAM are also beneficial to verify the correct demodulation capability in high throughput region. Therefore we propose that some test cases assuming 256QAM should be specified in this WI. 
Observation 3: It would be reasonable that up to 64QAM is assumed to verify the fundamental demodulation capability of PDSCH.

Observation 4: Performance requirements assuming 256QAM are also beneficial to verify the correct demodulation capability in high throughput region.

Proposal 7: Some test cases assuming 256QAM should be specified in this WI to verify the correct demodulation capability in the region of high date rate.
Sustained Data Rate (SDR)

The purpose of the SDR test is to verify that the Layer 1/2 correctly process when the UE receives packets corresponding to the maximum number of DL-SCH transport block bits. The maximum number of DL-SCH transport block bits of four layers is larger than that of two layers. This means that it needs to introduce the new SDR test for 4 Rx AP UE.

Proposal 8: SDR test should be specified to verify the peak throughput by 4 layer spatial multiplexing. 
Receiver type

In the most of the demodulation requirement in [2], MMSE receiver has been used as baseline receiver. Therefore we consider that MMSE-MRC receiver should be also used as baseline for this WI.

Proposal 9: MMSE-MRC receiver should be used as baseline receiver.

However, several requirements assumed an enhanced receiver type in some test cases. For example, MMSE-IRC receiver in Rel. 11 and SU-MIMO receiver (Maximum Likelihood detector and code word level IC) in Rel.12 were specified. 

Regarding MMSE-IRC receiver, the demodulation performance would be improved due to the increase of the spatial degrees of freedom. For example, if the MMSE-IRC receiver with 4 Rx AP is in cell-edge, up to three inter-cell interference signals can be suppressed, whereas MMSE-IRC receiver with 2 Rx AP can suppress only one inter-cell interference signal. Therefore, we consider that the MMSE-IRC receiver with 4 Rx AP would be beneficial, and RAN4 should specify the enhanced performance requirement assuming multi-cell environment for this receiver. 

Proposal 10: Enhanced performance requirement assuming multi-cell environment for MMSE-IRC receiver should be specified to suppress up to 3 inter-cell interference signals. 

In addition, SU-MIMO (R-ML, CWIC) receiver with 4 Rx AP would be also beneficial considering receiver antenna diversity specifically in higher modulation order. Therefore, RAN4 should specify the enhanced performance requirement for R-ML and CWIC receiver.
Proposal 11: Enhanced performance requirement for R-ML and CWIC receiver should be specified to cancel up to 3 inter-stream interference signals.
2.2. Phase-2 for CA-related features
Up to Rel.12, the demodulation requirements of PDSCH for CA-related feature with 2Rx AP, i.e. CA, DC and TDD FDD CA, were introduced in [2]. Regarding those specifications, the performance requirements of CA were firstly introduced in Rel.10. Specifically, demodulation requirements of PDSCH with CA, soft buffer management and power imbalance tests were specified. After specifying these requirements, the additional requirements for TDD-FDD CA and DC were introduced in Rel.12 to verify the TDD-FDD CA and DC-specific features. This is because legacy requirements of CA can cover the most of other two features since TDD-FDD CA and DC are very similar to CA in terms of PDSCH demodulation.
In phase-2 for 4Rx AP in Rel.13, we consider that the above approach can be reused.

Proposal 12: Specify performance requirement of PDSCH for legacy CA specified in up to Rel-11 assuming 4Rx AP firstly. This might include:

· Demodulation requirements of PDSCH with CA

· Soft buffer management
· Power imbalance

Proposal 13: After above specification for CA, specify additional requirement for TDD FDD CA and DC-specific features.

3. Conclusion

In this contribution, we provided our high level views on the WI for 4Rx AP UE. Our proposals and observations are the followings:
Proposal 1: Further limitation of the WI scope is needed for demodulation requirements of PDSCH to specify more important requirements certainly by the completion date..

Proposal 2: Aim to specify demodulation requirements of PDSCH for not only non-CA feature but also CA-related features assuming 4Rx AP to ensure peak throughput.

Observation 1: How to handle the requirements for (F)eICIC and CoMP assuming 4Rx AP is FFS.

Proposal 3: Consider the following phased approach for demodulation requirements of PDSCH:

· Phase-1: Focus on non-CA features except (F)eICIC and CoMP:

· Single port transmission
· Transmission diversity
· Open-loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

· Small Cell Enhancement (256QAM)

· Sustained Data Rate
· Advanced receiver (MMSE-IRC, R-ML, CWIC) 

· Phase-2: Focus on CA-related features:

· Carrier aggregation (w/ power imbalance, soft buffer)

· TDD FDD CA

· Dual Connectivity
· Phase-3 (if needed) : Focus on (F)eICIC and CoMP 

Note that we can advance to next phase if a fundamental specification of previous phase is completed. In other words, the last of the phase-1 (phase-2) could be performed in parallel with the first of the phase-2 (phase-3). 

For phase-1:

Observation 2: Test purpose of this WI includes

· Verification of the diversity gain assuming legacy layer (1 and/or 2)

· Verification of the performance of 4 layer spatial multiplexing

Proposal 4: Above two purposes should be treated with equal priority.

Proposal 5: Performance requirements assuming the following features should be specified at least for the flexible network deployment. Note that we do not intend to exclude other features.
· Transmission diversity

· Open loop spatial multiplexing
· Closed-loop spatial multiplexing (CRS-based)

· Closed-loop spatial multiplexing (DMRS-based)

Proposal 6: Performance requirements for both FDD and TDD should be specified. 
Observation 3: It would be reasonable that up to 64QAM is assumed to verify the fundamental demodulation capability of PDSCH.

Observation 4: Performance requirements assuming 256QAM are also beneficial to verify the correct demodulation capability in high throughput region.

Proposal 7: Some test cases assuming 256QAM should be specified in this WI to verify the correct demodulation capability in the region of high date rate.
Proposal 8: SDR test should be specified to verify the peak throughput by 4 layer spatial multiplexing. 

Proposal 9: MMSE-MRC receiver should be used as baseline receiver.

Proposal 10: Enhanced performance requirement assuming multi-cell environment for MMSE-IRC receiver should be specified to suppress up to 3 inter-cell interference signals. 

Proposal 11: Enhanced performance requirement for R-ML and CWIC receiver should be specified to cancel up to 3 inter-stream interference signals.

For phase-2:

Proposal 12: Specify performance requirement of PDSCH for legacy CA specified in up to Rel-11 assuming 4Rx AP firstly. This might include:

· Demodulation requirements of PDSCH with CA

· Soft buffer management
· Power imbalance

Proposal 13: After above specification for CA, specify additional requirement for TDD FDD CA and DC-specific features.
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