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1. Introduction
In RAN #76 meeting, it is agreed to study the performance gain with 8Rx compared to 4Rx [1], and RAN4 needs to identify the appropriate scenarios for the performance comparison and evaluate the PDSCH and PCFICH/PDCCH demodulation performance of 8Rx UE.
In this paper, we review the agreed SI, and discuss the corresponding RAN4 work plan for the performance evaluation of 8Rx UE.
2. SI overview
The main purpose of 8Rx study item is to investigate the performance gain of 8Rx compared to 4Rx [1]. In particular, it was agreed for RAN4 to study the performance gain of 8Rx over 4Rx in three different cases: 
· PDSCH demodulation performance with rank lower than or equal to 4, 
· PDSCH demodulation performance with rank higher than 4, and 
· PCFICH/PDCCH demodulation performance 
Performance comparison will be done under the assumption of MMSE-IRC and MMSE reference receiver for PDSCH and PDCCH cases, respectively. As a part of the performance evaluation, any necessary parameters including MCS, rank, antenna configuration, channel correlation, and propagation conditions need to be identified.
3. 8Rx Study Framework
In the light of the SI description, RAN4 needs to evaluate the performance gain of 8Rx UE while minimizing the overall number of the evaluation cases as much as possible. Given that the performance comparison is with respect to the 4Rx UE for which RAN4 already has defined the relevant demodulation performance test cases, it is desirable to reuse the existing 4Rx test scenarios as the 4Rx performance reference, and revise them as needed with additional configuration for 8Rx UE. Furthermore, in terms of evaluating the 8Rx performance gain over 4Rx, FDD and TDD will not make much difference. Therefore, we propose to consider only one of the two duplex modes for the performance evaluation.
Proposal 1. Define 8Rx test scenarios based on the existing 4Rx demodulation test cases defined in TS36.101. 
Proposal 2. Consider only either FDD or TDD for 8Rx performance evaluation.
In the remainder of this section, we start with common conditions to be considered/clarified for 8Rx UE, and discuss individual performance evaluation framework for PDSCH demodulation with different ranks, and PCFICH/PDCCH demodulation.
3.1. Common Simulation Condition
Increasing number of receive antennas in UE brings more hardware challenges to maintain the low correlation and comparable received signal quality across different receive antennas. Multiple factors may account for such challenges, including, but not limited to, the physical contraints of the limited form factor, differences in antenna gain, or cost/design constraints of the limited number of filters. Such limitations, however, may differ from one implementation to the other, and defining a common model for the performance evaluation of 8Rx UE may take a substantial RAN4 effort. Given that in 4Rx WI, RAN4 did not consider any imbalance/suboptimality across the receive antennas, we propose to use the same approach for the performance evaluation of 8Rx UE.
Proposal 3. Assume eight receive antennas with the identical quality without any imbalance in the performance evaluation of 8Rx UE.
Antenna correlation is another factor to be specified for the 8Rx performance evaluation. In general, it might be too ideal to assume zero correlation across all eight receive antennas. However, in 4Rx WI, most of the 4Rx demodulation test cases were defined based on the low antenna correlation even though such configuration may not be encountered frequently in the field. Therefore, provided that the existing 4Rx demodulation tests are to be used as the 4Rx performance reference, we propose to use the same MIMO correlation model as 4Rx demodulation tests for the performance evaluation of 8Rx UE. For the test cases with the non-trivial antenna correlation, i.e., β > 0, existing 4Rx receive antenna correlation matrix defined in B.2.3.1 and B.2.3A.1 in [2] can be extended to 8Rx using a lower value of β that leads to the same receive antenna correlation across adjacent antenna pairs as 4Rx counterpart, e.g., 
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Proposal 4. Re-use the same MIMO receive correlation model as 4Rx test cases for the performance evaluation of 8Rx UE. The value of β in 8Rx case is adjusted to keep the same receive antenna correlation between adjacent antenna pairs in 4Rx and 8Rx cases
TxEVM and RxEVM may also impact the demodulation performance of the 8Rx UE since the increased dimensionality of the channel may result in the overall channel estimation/demodulation performance more vulnerable to the signal distortion, especially for the higher rank. However, considering the work load for the new SI, and given that RAN4 did not tighten the EVM requirement in 4 layer MIMO in Rel.13, we propose to re-use the same Tx/RxEVM value defined in 4Rx and 4 layer WI in the 8Rx performance evaluation.
Proposal 5. Re-use the existing Tx/RxEVM assumption adopted in 4Rx/4Layer demodulation performance test in the 8Rx performance evaluation.

3.2. PDSCH Demodulation with Rank 4 or Less
Increasing the number of receive antennas in UE can provide the additional diversity/array gain in the fading channel and/or bettter interference suppression in the presence of the strong interferers. We proposed to consider one CRS and one UERS-based demodulation test to compare this gains between 8Rx and 4Rx UEs . In order to evalute the additional interference suppression gain in 8Rx, demodulation test scenarios with the interference model can be considered, e.g., Section 8.10.1.1.1A and 8.10.1.1.5 in [2] for CRS and UERS-based demodulation tests, respectively. Example FRC with 8Rx modification is shown in Table 1 and 2.
Table 1: Enhanced Performance Requirement Type A, Transmit Diversity (FRC) with TM3 interference model and 8 RX Antenna Ports
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (NOTE 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (NOTE 2)
	

	1
	R.46 FDD
	OP.1 FDD
	N/A
	EVA70
	EVA70
	2x8 Low
	70
	TBD
	≥1

	NOTE 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

NOTE 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.

NOTE 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.


Table 2: Enhanced Performance Requirement Type A, CDM-multiplexed DM RS with TM9 interference model and 8 RX Antenna Ports
	Test Number
	Reference Channel and MCS
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration (Note 3)
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum Throughput (%)
	SINR (dB) (Note 2)
	

	1
	R. 76 FDD 
QPSK
	OP.1 FDD
	N/A
	EVA5
	EVA5
	2x8 Low
	70
	TBD
	≥1

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.

Note 3:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.


Proposal 6. Consider both CRS and UERS-based transmission modes in the 8Rx/4Rx PDSCH demodulation performance comparison for the case with rank lower than or equal to 4.

Proposal 7. Define the new 8Rx PDSCH demodulation tests for the case with rank lower than or equal to 4 based on the existing 2x4 PDSCH demodulation tests with enhanced performance requirement. 

3.3. PDSCH Demodulation with Rank larger than 4
Performance comparison for rank larger than 4 needs to focus on the gain in the maximum achievable throughput compared to 4Rx rank4 UE. Since CRS transmission modes do not support rank larger than 4, we propose to focus only on TM9 in this case. Furthermore, for each rank above 4, we propose to run the link simulation for the a few highest MCS levels satisfying code rate < 0.93 since the maximum throughput may be achieved at a different MCS level for different rank. The value K ≥ 1 can be determined per RAN4 discussion. Example test configuration is shown in Table. 3.
Table 3: TM9 PDSCH demodulation performance comparison for rank larger than 4
	Test number
	Bandwidth and MCS
	MCS

(TB0, TB1)
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Max Rank

	1 (REF)
	10 MHz

64QAM
	(25+K-1,25+K-1), …, (25,25)
	OP.1 FDD
	EPA5
	8x4 Low
	4

	2
	10 MHz

64QAM
	(25+K-1,25+K-1), …, (25,25)
	OP.1 FDD
	EPA5
	8x8 Low
	5

	3
	10 MHz

64QAM
	(25+K-1,25+K-1), …, (25,25)
	OP.1 FDD
	EPA5
	8x8 Low
	6

	4
	10 MHz

64QAM
	(25+K-1,25+K-1), …, (25,25)
	OP.1 FDD
	EPA5
	8x8 Low
	7

	5
	10 MHz

64QAM
	(25+K-1,25+K-1), …, (25,25)
	OP.1 FDD
	EPA5
	8x8 Low
	8

	NOTE 1: No PDSCH scheduling in CSIRS subframes

NOTE 2: Peak MCS 25 is based on two CRS ports and two OFDM symbols for the control region. 




Proposal 8. Define the new 8Rx PDSCH demodulation performance tests with rank higher than 4 based on the existing 4Rx 4Layer demodulation test with the low antenna correlation and the propagataion condition of EPA5.

Proposal 9. For 8Rx PDSCH demodulation performance comparison with rank higher than 4, run separate link level simulations for rank5, 6, 7, and 8. For each rank, consider the K (≥1) largest MCS levels that does not exceed code rate of 0.93.
Proposal 10. For initial 8Rx PDSCH demodulation performance comparison with rank higher than 4, consider only 64QAM modulation. Extension of work to 256QAM is not precluded.
3.4. PCFICH/PDCCH Demodulation
For 4Rx capable UE, RAN4 has defined three PCFICH/PDCCH demodulation tests based on 1Tx, 2Tx and 4Tx [2]. We propose to focus on the 2Tx scenario and revise it accordingly for the 4Rx/8Rx performance comparison. The performance gain of 8Rx UE can be evaluated by checking the reduction in the minimum SNR required to achieve the same Pm-dsg of 1%, compared to 4Rx UE. Example test configuration for 8Rx UE, derived based on Section 8.10.2.1.2 [2], is shown in Table 4.
Table 4: Minimum performance PDCCH/PCFICH with 8 Rx Antenna Ports
	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	 EVA70
	2 x 8 Low
	1
	TBD


Proposal 11. Define the new 8Rx PCFICH/PDCCH demodulation test based on the existing 2x4 PDCCH/PCFICH demodulation test.

4. Conclusions

In this paper, we reviewed the new SI of LTE DL 8Rx, and discussed the framework for the corresponding RAN4 work. Proposals made in this paper are summarized as below.
Proposal 1. Define 8Rx test scenarios based on the existing 4Rx demodulation test cases defined in TS36.101. 

Proposal 2. Consider only either FDD or TDD for 8Rx performance evaluation.
Proposal 3. Assume eight receive antennas with the identical quality without any imbalance in the performance evaluation of 8Rx UE.

Proposal 4. Re-use the same MIMO receive correlation model as 4Rx test cases for the performance evaluation of 8Rx UE. The value of β in 8Rx case is adjusted to keep the same receive antenna correlation between adjacent antenna pairs in 4Rx and 8Rx cases

Proposal 5. Re-use the existing Tx/RxEVM assumption adopted in 4Rx/4Layer demodulation performance test in the 8Rx performance evaluation.

Proposal 6. Consider both CRS and UERS-based transmission modes in the 8Rx/4Rx PDSCH demodulation performance comparison for the case with rank lower than or equal to 4.

Proposal 7. Define the new 8Rx PDSCH demodulation tests for the case with rank lower than or equal to 4 based on the existing 2x4 PDSCH demodulation tests with enhanced performance requirement. 

Proposal 8. Define the new 8Rx PDSCH demodulation performance tests with rank higher than 4 based on the existing 4Rx 4Layer demodulation test with the low antenna correlation and the propagataion condition of EPA5.

Proposal 9. For 8Rx PDSCH demodulation performance comparison with rank higher than 4, run separate link level simulations for rank5, 6, 7, and 8. For each rank, consider the K (≥1) largest MCS levels that does not exceed code rate of 0.93.

Proposal 10. For initial 8Rx PDSCH demodulation performance comparison with rank higher than 4, consider only 64QAM modulation. Extension of work to 256QAM is not precluded.
Proposal 11. Define the new 8Rx PCFICH/PDCCH demodulation test based on the existing 2x4 PDCCH/PCFICH demodulation test.
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