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1. Introduction
In RAN4 #71, there was further discussion regarding open issues on PUSCH 3-2 test but RAN4 could not reach an agreement. Main question RAN4 is addressing is how to define test set up to guarantee sufficient throughput gain of PUSCH 3-2 mode over PUSCH 3-1 mode. In order to make further progress on pending issues, WF in [1] was agreed. 
· Maximum time offset between Tx antennas (Task #4)
· Option A: Time offset < 65ns
· Option B: Time offset > 65ns;
· Incorporating timing offset into channel model. Details to be provided in the next meeting.
· Other options are not precluded
· Study for maximum time offset in the next meeting
· Feasibility and proposals for Option B (on incorporating into channel model)
· 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 .
· Other ways to create the frequency-selective spatial correlation are not precluded. 
In this contribution, we evaluate the effect of small timing offset between Tx antennas on UE demodulation performance and provide our proposal for PUSCH 3-2 test set up. 
2. Discussion
2.1. Timing offset modeling
RAN4 has investigated the option of introducing timing offset between Tx antennas to generate frequency selective spatial correlation. Timing offset observed on UE receiver can be caused by either timing alignment error (TAE) between Tx antennas at eNB or propagation delay difference in the channel between Tx antennas. We prefer modeling timing offset as propagation delay difference between Tx antennas in order to avoid any unnecessary controversy regarding implication on BS TAE requirements. 
In 36.101, propagation channel is defined in section B and modeled in terms of multipath delay profile, Doppler frequency and MIMO channel correlation. For example, when we specify EPA5 low correlation channel with 2x2 antenna configuration, there would be 4 fading channel with EPA multiple delay profile, 5 Hz Doppler frequency and independent fading realization. Corresponding channel impulse response for propagation corresponding to Tx antenna 
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and Rx antenna 
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 can be represented as


[image: image3.wmf],,

(,)()()

ijij

kk

k

htht

tdtt

=-

å

.

We can introduce additional Tx antenna-dependent propagation delay 
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It can be implemented in TE by simple propagation delay shift depending on Tx antenna index. 

Proposal 1. Model timing offset as propagation delay difference between Tx antennas in the channel. 

2.2. Effect of small timing offset on UE demodulation performance
One of main concerns from companies objecting to introducing timing offset in PUSCH 3-2 test was potential impact on UE implementation such as timing tracking or channel/noise estimation. In order to address this concern, it was agreed in [1] that companies provide studies on performance impact of timing offset > 65ns. TM3 PDSCH throughput with link adaptation was selected as test metric. Figure 1 shows simulation results and compares PDSCH throughput between the case with no timing offset and the case with timing offset of {-65ns, 0ns, 65ns, 130ns}. It can be observed that there is negligibe difference in PDSCH throughput performance with and without timing offset between Tx antennas in all multipath delay profile. Considering that timing offset of 130ns corresponds to only 2 time domain samples for 10MHz system bandwidth, it is reasonable that such small timing offset has negligible effect on UE’s demodulation performance. 
Observation 1. Small timing offset of {-65ns, 0ns, 65ns, 130ns} has negligible effect on UE’s demodulation performance.
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(a) EPA5 low correlation channel
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(b) EV5 low correlation channel
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(c) ETU5 low correlation channel

Figure 1. Effect of timing offset on TM3 demodulation performance

2.3. Test set up
According to WF [1], we have three options on the table for PUSCH 3-2 test set up. 
Option 1
· PUSCH 3-2 over PUSCH 3-1 for TM6, Timing Offset < 65ns 

· With random sub-band scheduling for PUSCH 3-2 and PUSCH 3-1
· PUSCH 3-2 over PUSCH 1-2 for TM9, Timing Offset  < TBD ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

Option 2
· PUSCH 3-2 over PUSCH 3-1 for TM6, TM9, Timing Offset < TBD ns 
· With best sub-band scheduling for PUSCH 3-2 and PUSCH 3-1
Option 3
· PUSCH 3-2 over PUSCH 3-1 for TM6 & TM9, Timing Offset = 0ns 
· With random sub-band scheduling
· PUSCH 3-2 over PUSCH 1-2 for TM6 & TM9, Timing Offset  = 0ns
· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)
Main reason why some companies support option 1 or option 3 is to avoid option 2 that requires timing offset > 65ns. If RAN4 can agree on introducing small amount of timing, option 2 is more attractive in that
· Option 2 allows simultaneously verification of subband PMI and subband CQI reporting by single test while option 1 or 3 requires separate test for subband PMI verification and subband CQI verification.
· Best subband scheduling in option 2 is more realistic eNB scheduling behavior when UE reports subband CQI. 
Proposal 2. Define PUSCH 3-2 test in terms of PUSCH 3-2 over PUSCH 3-1 throughput gain with timing offset {-65ns, 0ns, 65ns, 130ns} and best subband scheduling. 

2.4. Antenna configuration for PUSCH 3-2 test
In [2], we showed simulation results for PUSCH 3-2 test with timing offset {-65ns, 0ns, 65ns, 130ns} in different propagation channel. We observed larger performance gap between PUSCH 3-2 and PUSCH 3-1 in high correlation channel since it is easy to create frequency selective antenna correlation in high correlation channel. We would like to repeat our proposal for antenna configuration for PUSCH 3-2 test. 
Proposal 3.  Use 4x2 XP high correlation channel with beam steering for TM9 test with Rel-12 4 Tx codebook.

Proposal 4.  Use 4x2 ULA high correlation channel with beam steering for TM6 test with Rel-8 codebook.

3. Conclusions

In this contribution, we provided simulation results to evaluate the impact of small timing offset on UE’s demodulation performance. Our proposals are
Proposal 1. Model timing offset as propagation delay difference between Tx antennas in the channel. 

Proposal 2. Define PUSCH 3-2 test in terms of PUSCH 3-2 over PUSCH 3-1 throughput gain with timing offset {-65ns, 0ns, 65ns, 130ns} and best subband scheduling. 

Proposal 3.  Use 4x2 XP high correlation channel with beam steering for TM9 test with Rel-12 4 Tx codebook.

Proposal 4.  Use 4x2 ULA high correlation channel with beam steering for TM6 test with Rel-8 codebook.
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