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1. Introduction
In RAN4 #84 meeting, the simulation assumptions for 8Rx performance study is agreed for 8Rx study item [1]. 
In this paper, we present the simulation result based on the agreed simulation assumption for the PDCCH demodulation and rank1 and rank 2 PDSCH demodulation with 8Rx.
2. Simulation Result
2.1. PDCCH Performance
Table 1 and 2 shows the simulation assumption for 4Rx/8Rx comparison of the PCFICH/PDCCH demodulation performance, and the baseline antenna correlation model under consideration.
Table 1. Simulation assumption for PCFICH/PDCCH [1]
	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 

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

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

	3
	10MHz
	2 CCE
	R.16 FDD
	 EVA70
	2 x 8 Low


Table 2. Antenna Correlation Model for 8Rx Study [1]
	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154


Figure 1 shows the Pm-dsg performance of the receivers with the different number of the receive antennas under different PDCCH aggregation levels and different antenna correlation. As expected, the simulation results show that 8Rx can achieve the better Pm-dsg performance compared to 4Rx under the same aggregation level (8Rx 4CCE versus 4Rx 4CCE), or the similar Pm-dsg performance as 4Rx with higher aggregation level (8Rx 2CCE versus 4Rx 4CCE). However, an important observation is that in all six scenarios, the Pm-dsg is already well below 0.1% at the -4dB SNR, even for the 4Rx UE under the medium antenna correlation condition. In practical network deployment, UE should have already switched to a better cell at such low SNR, and further reducing Pm-dsg below 0.1% would also have a negligible impact on the actual UE throughput. Given this little practical benefit, our view is that the additional complexity of 8Rx-based PDCCH demodulation cannot be justified.
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Figure 1. PDCCH Pm-dsg performance comparison between 4Rx and 8Rx-based PDCCH demodulation under different PDCCH aggregation level and antenna correlation condition.

Observation 1. For PDCCH, 4Rx-based demodulation already provides lower enough Pm-dsg of < 0.1% even at the low SNR of -4dB. 

Observation 2. Additional PDCCH Pm-dsg performance improvement is observed from 8Rx, but of little practical importance, i.e., either realized at the extemely low SNR out of the cell coverage, or only to achieve unnecessarily low Pm-dsg of < 0.1% that has little effect to the actual UE throughput.

Proposal 1. Deprioritize 8Rx-based PDCCH demodulation improvement.
2.2. PDSCH Performance (Rank1/2)
Table 3 and Table 4 show the simulation assumptions for transmit diversity and rank2 open-loop spatial multiplexing transmission based on the agreement in RAN4 #84 meeting.
Table 3. Simulation assumption for PDSCH with transmit diversity [1]

	Test number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM2
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA5
	2x4

Medium correlation A, ULA

	2
	TM2
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA5
	2x8 Low

Medium correlation B, ULA


Table 4. Simulation assumption for PDSCH with rank-2 open-loop spatial multiplexing [1]
	Test number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna config.

	1
	TM3
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low

	2
	TM3
	10 MHz

16QAM,1/2
	R.11 FDD
	EVA70
	2x8 Low


Figure 2 shows the performance comparison of TM2 transmit diversity with 4Rx and 8Rx under different antenna correlation condition. In both low correlation and medium correlation, it is shown that 8Rx can provide the expected SNR gain of ~ 3dB over 4Rx.
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Figure 2. Throughput comparison for transmit diversity with 4Rx and 8Rx under different antenna correlation
Figure 3 shows the performance comparison of TM3 rank2 open-loop spatial multiplexing with 4Rx and 8Rx in the low correlation condition. Similar to the transmit diversity case, it is shown that 8Rx can provide the expected SNR gain of ~ 3dB over 4Rx. Furthermore, from the waterfall region of the first transmission regime, it can be observed that 8Rx-based PDSCH demodulation also benefits from the additional diversity gain over 4Rx on top of the array gain. 
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Figure 3. Throughput comparison of rank-2 open-loop spatial multiplexing with 4Rx and 8Rx
Observation 3. For PDSCH transmission with transmit diversity and rank-2 open-loop spatial multiplexing, 8Rx can provide the received SNR gain of 3dB plus additional diversity gain over 4Rx.

3. Conclusions

In this paper, we presented the simulation result for 4Rx- and 8Rx-based PDCCH and rank1/2 PDSCH demodulation based on the simulation assumption agreed in the RAN4 #84 meeting. 
Observations made in this paper are summarized as follows:

Observation 1. For PDCCH, 4Rx-based demodulation already provides lower enough Pm-dsg of < 0.1% even at the low SNR of -4dB. 

Observation 2. Additional PDCCH Pm-dsg performance improvement is observed from 8Rx, but of little practical importance, i.e., either realized at the extemely low SNR out of the cell coverage, or only to achieve unnecessarily low Pm-dsg of < 0.1% that has little effect to the actual UE throughput.

Observation 3. For PDSCH transmission with transmit diversity and rank-2 open-loop spatial multiplexing, 8Rx can provide the received SNR gain of 3dB plus additional diversity gain over 4Rx.
Proposal 1. Deprioritize 8Rx-based PDCCH demodulation improvement.
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