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1
Introduction
RAN4#71 discussed the PUSCH 3-2 test method and whether to introduce the large time offset between transmission antennas [1]. This contribution continues the discussion of PUSCH 3-2 test method and large transmission timing offset. 
2
Discussion
2.1
Performance impact due to transmission timing offset
One of the agreements in the last RAN4 meeting [1] is to study the performance impact due to the large transmission timing offset between transmission antennas as follows:

· Provide studies on performance impact for Option B with the following configuration (the following parameters are just for evaluation):
· Timing offset: no timing offset, (-65ns, 0ns, 65ns, 130ns)
· TM3 link adaptation test, SNR = 0 dB ~ 20 dB, 2 dB step
· EPA5, EVA5, ETU5, 4×2 ULA Low 
· Possible decision e.g. if there is performance impact shown, then TAE < 65 ns could be considered, otherwise Option B could be considered . 
Figure 1 shows the link adaptation simulation results according to the simulation assumption above. It is observed that the performance impact due to the transmission timing offset is very small. In Transmission mode 3 with four antenna ports, it applies the transmission delay of 16.67us, 33.34us, and 50us for the 2nd, 3rd, and 4th antenna, respectively. Even if we add 65ns or 130ns additional delay, the impact of this additional delay is very small compared with the delays by TM3 cyclic delay diversity, and we think this is the reason the performance impact is very small. 
Observation 1: Link adaptation performance of transmission mode 3 is not degraded by transmission timing offset.
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Figure 1 Link adaptation with TM3. Channel: EVA5, EPA5, ETU5 with high and low channel correlation scenario. 
2.2
Impact of transmission timing offset for TM9 

This section shows the codebook based transmission models such as TM4 or TM9 are sensitive to the transmission timing offset. Figure 2 shows the TM9 link adaptation results of wideband/subband CQI and wideband/subband PMI with EVA5 channel using the best subband scheduling. The figure shows the link adaptation performance with wideband PMI (WB-CQI/WB-PMI and PUSCH 3-1) is sensitive to the transmission timing offset regardless of the wideband/subband CQI. On the other hand, the link adaptation performance with subband PMI (PUSCH 1-2 and PUSCH 3-2) is robust with the transmission timing offset. 

Observation 2: Link adaption performance of TM9 with the wideband PMI based reporting (e.g., PUSCH 3-1) is degraded by transmission timing offset. 
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Figure 2 Link adaptation simulation results with different reporting modes with/without offset. 

2.3
PUSCH 3-2 test method
This section compares the PUSCH 3-2/3-1 with/without transmission timing offset using best/random sub-band scheduling. Figure 3 compares the TM9 link adaptation results with the reporting modes PUSCH 3-2 and 3-1, where we applied no timing offset and timing offset [65ns, 0ns, 65ns, 130ns]. We also compare the impact of the best sub-band scheduling and random sub-band scheduling. Note we used EVA5 XPOL.
As shown in 2.2, PUSCH 3-2 based performance is not affected by the timing offset, but PUSCH 3-1 is degraded because of the difference between subband PMI reporting and wideband PMI reporting. From this observation, the additional timing offset is a good candidate for simulation assumption to show the gain of PUSCH 3-2 compared with PUSCH 3-1. Figure 4 shows the throughput gain of PUSCH 3-2 over 3-1 with different condition. With the best subband scheduling with timing offset, the throughput gain of 3-2 over 3-1 is around 1.07 at SNR=10dB. 
RAN4 has also discussed the random subband scheduling [1] that can also show the performance gain. Figure 3 also shows the link adaptation result with random subband scheduling. Since the eNB does not utilize the reported subband CQI, the performance results of both PUSCH 3-2 and PUSCH 3-1 are degraded compared with the best subband scheduling, however it is observed the degradation of PUSCH 3-1 is larger than PUSCH 3-2 because of subband PMI. The throughput gain of 3-2 over 3-1 at random subband scheduling without offset is around 1.12 at SNR=10dB. 

Another idea is to combine both random subband scheduling and timing offset. Figure 4 shows the throughput gain of PUSCH 3-2 over 3-1 with random scheduling and timing offset [-65ns, 0ns, 65ns, 130ns] is larger compared with either timing offset or random scheduling, and the gain is 1.23 at SNR=10dB. We think the throughput gain with this methodology is large enough to show the benefit of PUSCH 3-2, and thus we propose to introduce both random subband scheduling and timing offset for PUSCH 3-2 test.
Proposal 1: PUSCH 3-2 test is evaluated with the throughput gain of PUSCH 3-2 over PUSCH 3-1 with random subband scheduling and timing offset. 
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Figure 3 Link adaptation simulation results with PUSCH 3-2 and 3-1 with/without offset using best/random scheduling.
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Figure 4
Throughput gain of PUSCH 3-2 over 3-1 with best/random scheduling with/without timing offset. 
We also compare PUSCH 3-2 and 1-2 with the same condition and the simulation result is shown in Figure 5. The simulation results shown PUSCH 1-2 throughput is not affected by timing offset or subband scheduling methods because of subband PMI and wideband CQI. On the other hand, as we observed above, PUSCH 3-2 based throughput is degraded by the random scheduling because of subband CQI reporting. From the observation, we should not use timing offset and random scheduling method, and thus we propose to define one of the metric of PUSCH 3-2 is to set the throughput gain of 3-2 and 1-2 with both the best subband scheduling and no timing offset. Around SNR=10dB, it is observed that the performance gain is more than 1.2. 
Proposal 2: Define one of the metric of PUSCH 3-2 is to set the throughput gain of 3-2 and 1-2 with both the best sub-band scheduling but no timing offset.
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Figure 5
Link adaptation simulation results with PUSCH 3-2 and 1-2 with/without offset using best/random scheduling.

2.4
Channel model with time offset
Since the base station requirement mentions the largest timing difference between any two signals (TAE) shall not exceed 65ns [2], RAN4 discussed one possible way is to add the fixed time offset 
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 is additional time offset from transmitter j, j = 1, 2, …, Nt.
Table 1
Example of EVA with time offset.
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Proposal 3: Time offset should be included in the channel model.
3
Conclusions

Proposal 1: PUSCH 3-2 test is evaluated with the throughput gain of PUSCH 3-2 over PUSCH 3-1 with random subband scheduling and timing offset. 

Proposal 2: Define one of the metric of PUSCH 3-2 is to set the throughput gain of 3-2 and 1-2 with both the best sub-band scheduling but no timing offset.

Proposal 3: Time offset should be included in the channel model.
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