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1
Introduction
There are still several options for test parameters and test models for CoMP demodulation. In this paper, we present the analysis for the Test 1, which is of same cell ID scenario. 
2
Analysis of the configuration in Test 1-A
There are two tests in Test 1, 1-A and 1-B for DPB and DPS respectively. In [1], the propagation channel has been agreed to be EPA5 for TP1 and ETU5 for TP2 in Test 1-A. However, some companies still have concern on whether the setting like this can truly discriminate the UE behaviour for the timing offset compensation. Two possible options, which are EPA5 for both TP1 and TP2, and ETU5 for TP1 and EPA5 for TP2, are also proposed for further evaluation. Note that all MIMO channels are 2X2 in low correlation.
There are two timing test points to verify the UE behaviour, -0.5us and 2us for Test 1-A. And the CRS is only transmitted from TP1. If the higher layer signalling indicates the UE to be of behaviour B, the UE should do the following,

· Use the NZP CSI-RS associated with the PDSCH from TP2 to estimate the timing offset.
· The parameters for DMRS based CE need to be derived by the CSI-RS or DMRS associated with the PDSCH.
If the UE doesn’t follow the signalling as the behaviour B exists, there are possibly several conditions to occur,
·  The CRS from TP1 is used to track the OFDM symbol boundary. The PDSCH from TP2 may follow the timing from the CRS.
·  The CRS estimates the delay spread and SNR for CRS based channel estimation. However, for DMRS based demodulation, some UEs may still pass these parameters derived from the CRS to apply them to the DMRS based channel estimation.

·  The UE may use the DMRS for channel estimation but the PDSCH timing still follows that from the CRS.
·  The UE may pre-assume the timing offset to be either -0.5us or 2us as the behaviour B is signalled. Then the DMRS based CE is performed after the intentional phase rotation of -0.5us or 2us after FFT. 
2-a    Fundamental analysis of the propagation channel set up
In our view, if the timing offset is not properly handled, it may also cause other receiver modules, such as channel estimation, to be degraded. Fig. 1 shows the channel impulse response, as EPA for TP1, ETU for TP2 and 2us delay. 
As TP2 follows the FFT window timing of TP1 derived from the CRS, the channel impulse response from TP2 in time domain has 2us offset. If TP2 adopts the delay spread estimated by CRS and applies it to the DMRS based channel estimation, it is clearly seen that in the Case 1 in Fig. 1, the CE filter can’t cover the TP2 channel.
For the Case 2 in Fig. 1, it follows the CRS based FFT window timing, and the DMRS is used to determine the corresponding channel estimation parameters. Then, it requires the CE filter to be much wider in order to cover the ETU channel from TP2, which is difficult to design due to the limited number of the reference signal.
The Case 3 is the correct behaviour. The CE filter can be much narrower than the Case 2.
The Case 4 is that the UE pre-assume there will be -0.5us timing difference between TPs. The erroneous phase rotation pushes the channel impulse response much far away from the correct spot. In this case, the CE filter is unavoidably much wider.
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      Fig. 1, Theoretical analysis of EPA for TP1 and ETU for TP2 with 2us delay in between 
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       Fig. 2, Theoretical analysis of EPA for TP1 and ETU for TP2 with -0.5us timing difference
Fig. 2 also shows the same four cases as that in Fig. 1, but with -0.5us timing difference. As the timing behavior is not correctly followed, the CE filter is narrower, which is not able to cover the ETU channel. It will induce significant interpolation error when the channel estimation is performed. 
Based on the above theoretical analysis, the channel set up of EPA for TP1 and ETU for TP2, together with two timing test points at -0.5us and 2us, should be able to discriminate if the UE follows the correct behavior. 
2-b    Simulation results for the propagation channel set up

Simulations are conducted to analyze three different propagation channel set up, which are
· EPA5 for TP1 and ETU5 for TP2, as shown in Fig. 3.
· EPA5 for TP1 and EPA5 for TP2, as shown in Fig. 4.
· ETU5 for TP1 and EPA5 for TP2, as shown in Fig. 5.
The 16QAM (mcs13) with rank two transmission are applied, and the TP1 has power 8dB larger than the TP2. Moreover, since that there are several possibilities that the UE may not follow the correct behaviour, let’s summarize briefly the four cases analyzed in section 2-a for the following discussion,
· Case 1, the PDSCH from TP2 uses the timing and delay spread estimated by CRS for demodulation.
· Case 2, the PDSCH from TP2 uses the timing estimated by CRS, and the delay spread estimated by DMRS for demodulation.
· Case 3, the PDSCH from TP2 follows the correct behaviour B.
· Case 4, the UE may pre-assume the possible delay of either -0.5us or 2us as the behaviour B is signalled, and then the delay spread is estimated by DMRS.
In Fig. 3-a, the 2us delay scenario, it is observed that as the UE follows correct behaviour (Case 3 in Fig. 1), the performance has significant difference from two cases of behaviour A, which are Case 1 and Case 2 in Fig. 1, respectively. Fig. 3-b shows the comparison with the Case 4 in Fig. 1. Note that the blue and green curves in Fig. 3-a and in Fig. 3-b are identical. 
Fig. 3-c and Fig. 3-d compare the performance difference in -0.5us delay. It is seen that, there is no significant difference between correct behaviour B (Case 3) and one type of the behaviour A (Case 2). However, if the throughput for testing -0.5us and 2us are summed, the degraded performance due to not to follow the correct behaviour can still be captured.
In Fig. 4-c, it is seen that there is performance difference between correct behaviour B and one type of behaviour A, which is to follow CRS timing whereas the delay spread is estimated by DMRS (Case 2). Again, the summed throughput for testing -0.5us and 2us can help discriminate if the UE has the correct behaviour.  Same conclusion is also found in Fig. 5, for ETU5 in TP1 and EPA5 in TP2.  
Our observation is, for the two timing test points, the summed throughput can discriminate the UE behaviour for the three different propagation channel set up. Based on this, there is no need to change the previously agreed propagation channel setting in Test 1-A.
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 Fig. 3-a, Compare the Case 1, 2 and 3, delay = 2us     Fig. 3-b, Compare the Case 2, 3 and 4, delay = 2us
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Fig. 3-c, Compare the Case 1, 2 and 3, delay = -0.5us   Fig. 3-d, Compare the Case 2, 3 and 4, delay = -0.5us
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Fig. 4-a, Compare the Case 1, 2 and 3, delay = 2us     Fig. 4-b, Compare the Case 2, 3 and 4, delay = 2us
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Fig. 4-c, Compare the Case 1, 2 and 3, delay = -0.5us   Fig. 4-d, Compare the Case 2, 3 and 4, delay = -0.5us
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Fig. 5-a, Compare the Case 1, 2 and 3, delay = 2us     Fig. 5-b, Compare the Case 2, 3 and 4, delay = 2us
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Fig. 5-c, Compare the Case 1, 2 and 3, delay = -0.5us   Fig. 5-d, Compare the Case 2, 3 and 4, delay = -0.5us

3
Analysis of the timing offset model in Test 1-B
The Test 1-B keeps the option of using dynamic timing offset model to cover the range between -0.5us and 2us. The model is a cosine function with a constant value. The performance test in RAN4 usually collects the results of running 10000 subframes, which is the average statistics in 10 seconds. One question may arise, how fast the UE speed it should be so that the timing offset can be changed from -0.5us to 2us just in 10 seconds? To calculate the UE speed, it is assumed that there is no latency between the signal transmitted from the TP1 and TP2. If the UE is right in the middle of the distance between TP1 and TP2, the timing offset can be assumed to be zero.
From Fig. 6, it is seen that the UE speed should achieve 135Km/hr. For DMRS based demodulation, the applicable environment is low Doppler, and this is the reason why Doppler is set 5Hz for most DMRS based demodulation tests.
The dynamic timing offset model is way too artificial. From the above analysis of Test 1-A, the two fixed timing test points at -0.5us and 2us are good enough to discriminate if the UE follows the correct behaviour. It can also be applied to Test 1-B. There is no need to have dynamic timing model for Test 1-B.  
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         Fig. 6, Example to evaluate the timing offset change and the UE speed
4
Conclusion
Our conclusions through the study are as follows.
Observation 1: For the two timing test points in Test 1-A, the summed throughput can discriminate the UE behaviour for the three different propagation channel set up. 
Observation 2: In Test 1-B, the UE speed should achieve 135Km/hr for dynamic timing offset model to cover offset range from -0.5us to 2us in 10 seconds.
Proposal 1: For the two timing test points, the summed throughput can discriminate the UE behaviour for the three different propagation channel set up. Based on this, there is no need to change the previously agreed propagation channel setting in Test 1-A, which is EPA5 for TP1 and ETU5 for TP2.
Proposal 2: There is no need to have dynamic timing model for Test 1-B. From the above analysis of Test 1-A, the two fixed timing test points at -0.5us and 2us are good enough to discriminate if the UE follows the correct behaviour. It can also be applied to Test 1-B.
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