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1. Introduction

For PUSCH 3-2 feedback mode testing, it was agreed in RAN4 that the benefit of simultaneous feedback of sub-band CQI and sub-band PMI will be tested. In RAN4 #70 meeting, it was noticed that the throughput ratio of PUSCH 3-2 to PUSCH 3-1 is quite small unless timing offsets are introduced across Tx antennas. However introducing timing offsets also raised concerns on defeating the antenna collocation assumption. In this paper, we provide discussion on these issues and our consideration on the PUSCH 3-2 test.
2. Discussion
PUSCH 3-2 has sub-band CQI and sub-band PMI feedback simultaneously. With finer granularity of frequency feedback information, PUSCH 3-2 can potentially provide more DL throughput gain. The benefit of this finer feedback information can be tested with the throughput gain relative to wide-band CQI or wide-band PMI feedback.
PUSCH 3-1 feeds back sub-band CQI and wide-band PMI, while PUSCH 3-2 feeds back sub-band CQI and sub-band PMI. Thus PUSCH 3-2 has better frequency granularity for PMI feedback. If the propagation channel has frequency selective spatial correlation, the feedback sub-band PMIs will be different than wide-band PMI. The best sub-band using sub-band PMI feedback (PUSCH 3-2) can provide sub-band throughput gain to using wide-band PMI feedback (PUSCH 3-1). However, for EVA5 high correlation channel with X-pol antenna configuration, it was seen in [2] that the throughput performance is almost the same for PUSCH 3-2 and PUSCH 3-1. So PUSCH 3-1 achieves the same performance as PUSCH 3-2 with less feedback information. There is no benefit to use PUSCH 3-2 in this case. To introduce frequency selective spatial correlation, [3] proposed to introduce an additional delay between Tx antenna pairs. However, if the delays between 4 Tx antenna are large, there is a concern that the Tx antenna transmission timing requirement is met.
The purpose of delay between Tx antenna is to introduce an artificial propagation channel with frequency selective spatial correlation. It does not mean that the real propagation channel is this case. Actually, in 36.101, there are some artificial propagation channels for performance test purpose already. For example, 2-tap channel in B.2.4 has regular frequency selective fading. Therefore if a propagation channel has less spatial correlation between sub-bands, we can use this channel for PUSCH 3-2 feedback test.
With EVA5 low correlation channel and ULA antenna configuration, Figure 1 shows the throughput comparison between PUSCH 3-2 and PUSCH 3-1. It is seen that PUSCH 3-2 has better throughput performance than PUSCH 3-1. Especially for high SNR, the gain is larger than low SNR. This indicates that PUSCH 3-2 has advantages with sub-band CQI and sub-band PMI feedback together. However, since the gain is small, we still prefer to use another channel such as channel with delays between Tx antenna.
Figure 2 is the throughput comparison between PUSCH 3-2 and PUSCH 3-1. The propagation channel is EVA5 high correlation and X-pol antenna configuration, with delays between Tx antenna. The delays between 4 Tx antennas are (-65E-9, 65E-9, -65E-9, 65E-9) second. These small time delays only introduce (-1, 1, -1, 1) OFDM sample delay between 4 Tx antenna for 10M bandwidth system. Moreover, the timing accuracy is within the TAE requirement defined in 36.104. It is seen from Figure 2 that a significant gain of PUSCH 3-2 is obtained. The throughput ratio gamma is 1.52 at SNR=5dB and gamma is 1.29 at SNR=20dB. So the throughput ratio between PUSCH 3-2 and PUSCH 3-1 is a feasible test metric.
Since both PUSCH 3-2 and PUSCH 3-1 have sub-band CQI feedback, frequency selective scheduling can be used for sub-band transmission. In the simulation, the sub-band transmission is on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level. PUSCH 3-2 uses the sub-band PMI feedback and PUSCH 3-1 uses the wide-band PMI feedback.

In the simulation, rank adaptation is used to simulate SNR range [0dB, 24dB]. However, the rank can be fixed for requirement tests after the test SNR points are agreed in RAN4. For example, use fixed rank 1 for low SNR test and fixed rank 2 for high SNR test.
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Figure 1. Throughput comparison with EVA5 Low ULA channel: PUSCH 3-2 vs. PUSCH 3-1

Table 1. Simulation parameters of Figure 1
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Resource allocation
	6 PRB

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	Low, ULA

	Precoding granularity
	6 PRB

	Reporting mode
	PUSCH 3-2
PUSCH 3-1

	Codebook
	Rel-12 4Tx codebook

	PMI delay
	8ms

	Feedback interval
	5ms

	Transmission rank
	Adaptive rank

	Transmission MCS
	Adaptation according feedback CQI

	Max number of HARQ transmissions
	1

	Scheduling
	Frequency selective
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Figure 2. Throughput comparison with EVA5 High XPL channel (Tx delay): PUSCH 3-2 vs. PUSCH 3-1

Table 2. Simulation parameters for Figure 2
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Resource allocation
	6 PRB

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Precoding granularity
	6 PRB

	Reporting mode
	PUSCH 3-2
PUSCH 3-1

	Codebook
	Rel-12 4Tx codebook

	PMI delay
	8ms

	Feedback interval
	5ms

	Transmission rank
	Adaptive rank

	Transmission MCS
	Adaptation according feedback CQI

	Max number of HARQ transmissions
	1

	Scheduling
	Frequency selective

	Time delay between Tx antenna
	(-65E-9, 65E-9, -65E-9, 65E-9) second


Proposal 1: Introduce PUSCH 3-2 feedback test:

· Rel-12 codebook

· EVA5 High, X-pol with (-65E-9, 65E-9, -65E-9, 65E-9) second delay between 4 Tx antenna
· Test metric: throughput ratio between PUSCH 3-2 and PUSCH 3-1 with sub-band transmission
PUSCH 1-2 feeds back wide-band CQI and sub-band PMI, while PUSCH 3-2 feeds back sub-band CQI and sub-band PMI. With the same sub-band PMI feedback, PUSCH 3-2 has better frequency granularity of CQI feedback than PUSCH 1-2. This sub-band CQI feedback can be used for frequency scheduling transmission. Thus the throughput gain of sub-band CQI feedback can be obtained. Throughput ratio of PUSCH 3-2 transmission and PUSCH 1-2 can be used as test metric. 
To have a fair comparison, sub-band data transmission can be used. In other words, although PUSCH 1-2 feeds back wide-band CQI, the PDSCH data transmission still use sub-band to transmit the corresponding feedback CQI. The sub-band PMI feedback is used for sub-band data transmission. For PUSCH 3-2, the sub-band data transmission is based on the feedback of sub-band CQI and sub-band PMI, with frequency selective scheduling (the sub-band transmission is on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level).
Figure 3 is the throughput comparison between PUSCH 1-2 and PUSCH 3-2 with sub-band transmission. The propagation channel is EVA5 High, X-pol channel. The codebook used for PMI feedback is the legacy Rel-8 codebook. It is seen that PUSCH 3-2 has significant throughput gain to PUSCH 1-2. Throughput ratio gamma is 1.7 at SNR=5dB and gamma is 1.3 at SNR=20dB. Throughput ratio between PUSCH 3-2 and PUSCH 1-2 is therefore a feasible test metric. 
Similar to previous simulation in Figure 1 and Figure 2, we use rank adaptation to simulate SNR range [0dB, 24dB]. However, the rank can be fixed for requirement test cases if the test SNR points are agreed in RAN4. 
Proposal 2: Introduce PUSCH 3-2 feedback test:

· Rel-8 codebook

· EVA5 High, X-pol

· Test metric: throughput ratio between PUSCH 3-2 and PUSCH 1-2 with sub-band transmission
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Figure 3. Throughput comparison with EVA5 Low ULA channel: PUSCH 3-2 vs. PUSCH 1-2 
Table 3. Simulation parameters of Figure 3
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Resource allocation
	6 PRB

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Precoding granularity
	6 PRB

	Reporting mode
	PUSCH 3-2
PUSCH 1-2

	Codebook
	Rel-8 4Tx codebook

	PMI delay
	8ms

	Feedback interval
	5ms

	Transmission rank
	Adaptive rank

	Transmission MCS
	Adaptation according feedback CQI

	Max number of HARQ transmissions
	1

	Scheduling
	Frequency selective for PUSCH 3-2
Fixed PRB transmission for PUSCH 1-2


3. Conclusion
In this contribution, we give some discussion on how to test feedback mode PUSCH 3-2. Our proposals are in the following.
Proposal 1: Introduce PUSCH 3-2 feedback test:

· Rel-12 codebook

· EVA5 High, X-pol with (-65E-9, 65E-9, -65E-9, 65E-9) second delay between 4 Tx antenna
· Test metric: throughput ratio between PUSCH 3-2 and PUSCH 3-1 with sub-band transmission
Proposal 2: Introduce PUSCH 3-2 feedback test:

· Rel-8 codebook

· EVA5 High, X-pol

· Test metric: throughput ratio between PUSCH 3-2 and PUSCH 1-2 with sub-band transmission
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