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Discussion 
1
Introduction 
In the RAN4#70 meeting, companies submitted contributions showing their different views about the test for reporting mode 3-2. Issues were raised, such as antenna correlation, TAE value, TX antenna number and eNB scheduling policy. In this contribution, we provide our view on these open issues. 

2
Discussions
The test for reporting mode (RM) PUSCH 3-2 is expected to be able to highlight the gain of simultaneous SB-PMI and SB-CQI reporting as well as to preclude some UE’s incorrect behaviours. We had provided our analysis in our previous contribution [1]. The results showed that this expectation can be satisfied by using the throughput gain of RM PUSCH 3-2 over 3-1 as the test metric. 
Proposal 1: Adopt at least the throughput gain of RM 3-2 over RM 3-1 as one of the test metric.

However, there are still some detail issues needed to be discussed when obtaining the throughputs, e.g., 

· Antenna correlation

· TAE value

· TX antenna number 

· eNB scheduling policy

In the following, we provide simulation results and our views on above issues. 
2.1 Antenna correlation
In [1], the B.2.4 channel was used. In [2], the propagation channel EVA-high was proposed. Remember that high correlation is defined with 
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 in Section B.2.3 of 36.101. We think that these two channels are very similar from the viewpoint of antenna spatial correlation because one can simply treat B.2.4 as “FULL” correlation (
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). Therefore, we expect these two channels can introduce similar SB-PMI property with/without TAE. 

2.2 TAE value
In [1], we introduced TAE between transmit antennas to create SB-selective PMI. According to our results, the time difference between 2 successive antennas (denoted as △) should be at least larger than 50 ns to make the throughput of RM 3-2 outperforms RM 3-1 (See Figure 3 in [1]). In a 4-TX antenna environment, the maximum time difference between any 2 antennas becomes no less than 150 ns (3△). 
However, in Section 6.5.3.1 of 36.104, TAE from eNB should not exceed 65 ns (without carrier aggregation). In our opinion, it is better to retain consistency between 36.101 and 36.104. Therefore, we propose to also restrict the time difference between 2 transmit antennas within 65 ns, if TAE is introduced.
Proposal 2: Restrict the time difference between 2 transmit antennas within 65 ns, if TAE is introduced.

In a 4-TX antenna environment, this restriction will make △<21.6 ns. Such a small △ is not able to provide desired SB-selective PMI for RM 3-2 to outperform RM 3-1. We had shown the corresponding simulation results in Figure 3 of [1] under B.2.4 channel. Here we also provide in Figure 1 the simulation results under EVA-high channels. As is observed, the maximum ratio of RM 3-2 over 3-1 is generally less than 1.03, which is trivial. This means a UE that only implements WB-PMI might possibly pass the RM 3-2 test if EVA-high channel and △=21.6 ns are adopted in the test. Under this TAE restriction, we need to search for other possible configurations which can still make RM 3-2 outperform RM 3-1 with non-trivial margin. 
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Figure 1: (a) throughput and (b) throughput ratio comparison between RM 3-1 and RM 3-2 over EVA-high channel (4-TX antennas with △=21 ns, 10 MHz bandwidth)

2.3 Transmit antenna number
Under TAE restriction, one simple way to extend △ is to use 2 TX antennas. Using 2 TX antennas allows △ to be extended to 65 ns. This will introduce better SB-selectivity on PMI than 21.6 ns. However, in a 2 TX antenna configuration, the number of available precoders is only 4 (single layer). It requires further evaluation to see if 4 precoders are sufficient for RM 3-2 to outperform RM 3-1. Simulations are conducted to see the final effect on the throughput gain. The results are plotted in Figure 2, which shows that using 2 TX antenna with △=65 ns, the throughput gain of RM 3-2 over 3-1 can be made around 1.08 for SNR<10 dB. 
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Figure 2: (a) throughput and (b) throughput ratio comparison between RM 3-1 and RM 3-2 over EVA-high channel (2-TX antennas with △=65 ns, 10 MHz bandwidth)
If we try the same simulation again but with 20MHz bandwidth, we can increase the throughput gain. Results are shown in Figure 3. The throughput gain can be made to be higher than 1.15 for SNR<10 dB. The main reason is that a non-zero △ can introduce a linear phase rotation on the 2nd TX antenna in frequency domain. If the bandwidth is wider, we can observe larger phase rotation at the edge subcarriers. For examples, △=65 ns can make the phase rotation at band edge to ±0.2925π for 10MHz and ±0.585π for 20MHz. This will increase the SB-selectivity on PMI. Based on this result, we suggest RAN4 to investigate the configuration with 2-TX and 20MHz bandwidth in RM 3-2 test.
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Figure 3: (a) throughput and (b) throughput ratio comparison between RM 3-1 and RM 3-2 over EVA-high channel (2-TX antennas with △=65 ns, 20 MHz bandwidth)

Proposal 3: Investigate the configuration with EVA-high, 2-TX, TAE 65 ns and 20MHz bandwidth in RM 3-2 test.

2.4 eNB scheduling policy
In the last meeting, [2] proposed to use a eNB scheduling policy that follows reported SB-CQI and SB-PMI from UE, but randomly chooses one SB from the whole bandwidth. In addition, [2] showed that using this eNB scheduling policy over an EVA-low channel with zero TAE can make RM 3-2 outperform RM 3-1 with ratio around 1.15 (under 4 TX antennas). Here we provide our own simulation results in Figure 4, which confirms the results in [2]. In Figure 4, the ratio can be made around 1.15. 
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Figure 4: (a) throughput and (b) throughput ratio comparison between RM 3-1 and RM 3-2 over EVA-low channel (4-TX antennas with △=0 ns, 10 MHz bandwidth, random-selected SB)

One concern about this randomly-selected SB policy is that the SB-CQI is reported after quantization (2 bits, see Table 7.2.1-2 in 36.213). This means that the CQI may not exactly reflect the SB condition, especially for some deep-faded SBs with the SB-CQI worse than WB-CQI by 2 or more levels. Therefore, the resulting throughput (and BLER) may also depend on the probability of choosing those deep-faded SBs, in addition to UE’s SB-CQI reporting accuracy. 
Motivated by this concern, we conducted simulations to see the distribution of SB-CQI offset (without quantization and averaged over all full-size SBs) under EVA-low for both RM 3-1 and 3-2 at SNR 8 dB, as shown in Table 1. For a particular SB, the probability of being deep-faded (offset smaller than -1) is 6.71% for RM 3-1 and 1.73% for RM 3-2. (Assume the offset distributions are i.i.d. for all full-size SBs) Based on this result, we think that the problem of selecting a deep-faded SB is not critical. Therefore we suggest RAN4 to also investigate the configuration with EVA-low, zero TAE and the eNB scheduling policy with random SB selection, follow SB-PMI and follow SB-CQI.
Table 1. Distribution (%) of SB-CQI offset under EVA-low for RM 3-1 and RM 3-2
	SB-CQI offset
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4

	RM 3-1
	0.02
	0.16
	0.74
	5.79
	17.8
	33.53
	31.67
	9.55
	0.7
	0.04

	RM 3-2
	0
	0
	0.12
	1.61
	19.12
	51.79
	25.14
	2.08
	0.14
	0


Proposal 4: Investigate the configuration with EVA-low, zero TAE and the eNB scheduling policy with random SB selection, follow SB-PMI and follow SB-CQI.
3
Summary 
Proposal 1: Adopt at least the throughput gain of RM 3-2 over RM 3-1 as one of the test metric.

Proposal 2: Restrict the time difference between 2 transmit antennas within 65 ns, if TAE is introduced.

Proposal 3: Investigate the configuration with EVA-high, 2-TX, TAE 65 ns and 20MHz bandwidth in RM 3-2 test.
Proposal 4: Investigate the configuration with EVA-low, zero TAE and the eNB scheduling policy with random SB selection, follow SB-PMI and follow SB-CQI.
4
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