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Discussion
1
Introduction
Previously, it has been agreed to test timing offset estimation/compensation in CoMP scenario 4. The timing model for testing, however, is not determined yet [1].
There are three options to consider,
1. 2 fixed test points at 2 musec and -0.5musec,

2. Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviors,
3. Timing error is dynamically changed between -0.5musec and 2musec according to a certain pattern. The pattern is transparent to the UE. For each timing changes a certain amount of subframes are dropped, S, to avoid transition issues. The percentage of subframes for which the timing error is 2musec is 75%.
 It is expected that the test setup is not complicated and in the mean time, it can also test whether the UE follows correct behavior or not and also capture the cheated UE. In this paper, the option 1 and 2 are analyzed. And finally, the suggestion is given.
2
Test configuration and simulation results
The UE performs FFT window detection based on the CRS to track the TP1 timing, and the TP2 timing is acquired by CSI-RS based TAQ and then it is compensated by phase rotation in frequency domain. The timing test is to rule out the UE without discriminating the timing difference between signals from TP1 and TP2 by the associated CSI-RS.
Two test points are considered in both option 1 and 2, with the purpose of capturing the cheated UE by intentionally rotating the phase in order to pass the test as the timing delay is given. In option 2, one test point is randomly generated for the reason that, when the option 1 is applied, the UE can still pass the test by detecting the timing difference of being either 2us or -0.5us. From the UE implementation point of view, instead of trying all the approaches to pass the test, the right thing to do is to follow the signalling and design the corresponding receiver modules. 
Table 1 shows the simulation setting, and in table 2, the detailed coding scheme setup is listed. It is noted that, TP1 and TP2 both transmit CRS with same cell ID, and the TP1 CRS power is 8dB larger than the TP2 CRS power.
In the simulation, we compare with the results that the cheated UE already assumes the time delay of being either 2us or -0.5us that directly leads to the corresponding phase rotation. The purpose of doing so is to investigate the reasonable configuration to be able to capture the cheated UE.
Let’s start with the Fig. 1, in which the results of 16QAM ½ with one layer transmission are shown. There are three curves in each sub-figure. The red one is derived by following the signalling, and the green one and the blue one are to assume the time delay of being 2us and -0.5us, respectively. 

There are 4 time delay values to test, which are 2us, -0.5us, 1us and 0.5us, as shown in sub-figure a, b, c and d, respectively. It is seen in Fig. 1.b that, as the actual time delay = -0.5us, the UE assuming the time delay of being 2us suffers significant degradation due to erroneous phase rotation. It is also observed in Fig. 1.a that, as the actual time delay = 2us, the UE of assuming -0.5us time delay suffers only around 0.3dB degradation at 70% of max throughput. It is also seen from Fig. 1.c and Fig. 1.d that, the performance degradation of choosing actual time delay between -0.5us~ 2us( 1us and 0.5us in the simulation) is smaller than that of setting the actual delay at 2us and -0.5us. Then, the cheated UE may not be easy to capture. Moreover, cheating by assuming delay = -0.5us is less harmful to that by assuming delay = 2us.
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 Fig. 1.a, MCS 13 one layer, actual time delay = 2us   Fig. 1.b, MCS13 one layer, actual time delay = -0.5us
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 Fig. 1.c, MCS13 one layer, actual time delay = 1us    Fig. 1.d, MCS13 one layer, actual time delay = 0.5us
Based on the 16QAM ½ results, it is expected that one should find out the modulation/coding scheme to punish the cheated UE by causing significant degradation. Fig. 2 shows the performance of different time delay values in 64QAM ½ with one layer transmission. In Fig. 2.a, the degradation by assuming -0.5us time delay is around 0.5dB, slightly larger than that in 16QAM ½ case.
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Fig. 2.a, MCS19 one layer, actual time delay = 2us     Fig. 2.b, MCS19 one layer, actual time delay = -0.5us
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Fig. 2.c, MCS19 one layer, actual time delay = 1us     Fig. 2.d, MCS19 one layer, actual time delay = 0.5us

In Fig. 3, the higher code rate of 64QAM ¾ with one layer transmission is tested. The 70% of max throughput occurs around SNR = 15dB. Let’s compare the blue curve with the red one in Fig. 3.a. The loss is around 0.7dB and when the SNR = 15dB, the throughput drop is around 2Mbps.
Fig. 4 shows the 64QAM ½ with two layer transmission. It is seen that, the 70% of max throughput is around SNR = 16.5dB and the throughput drop at this point is around 2.5Mbps in Fig. 4.a.
Based on the above simulations, we suggest that the option 1 can be the timing model. The definition of passing the test is that the total throughput of testing 2us and -0.5us should be higher than a threshold.
At the end, our suggestion is, when the 64QAM ¾ with one layer transmission is considered, observe the throughput at SNR = 15dB. When the 64QAM ½ with two layer transmission is taken, set the requirement on the throughput at SNR = 16.5dB.
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Fig. 3.a, MCS24 one layer, actual time delay = 2us     Fig. 3.b, MCS24 one layer, actual time delay = -0.5us
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Fig. 3.c, MCS24 one layer, actual time delay = 1us     Fig. 3.d, MCS24 one layer, actual time delay = 0.5us
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 Fig. 4.a, MCS19 two layer, actual time delay = 2us    Fig. 4.b, MCS19 two layer, actual time delay = -0.5us

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz



	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA

	PDSCH transmission Point
	Blanked
	Fixed at TP2

	CellID
	0

	Channel model
	EVA
	EVA

	Doppler frequency (Hz)
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	CRS power 8dB > TP2’s
	See table 2

	Number of allocated resource blocks (PRB)
	N/A
	50

	Transmission mode
	N/A
	10

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}

	CSI-RS 0 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2

	CSI-RS 0 configuration
	NA
	0

	PDCCH decoding
	ideal

	Rank
	N/A
	1 or 2

	PMI
	N/A
	Random

	Modulation and Code rate
	N/A
	64QAM 3/4, 64-QAM 1/2, 16QAM 1/2 
See table 2

	Cyclic prefix
	Normal
	Normal

	Number of HARQ processes
	8
	8

	Maximum number of HARQ transmission
	4
	4

	Number of OFDM symbols for PDCCH
	2
	2

	Timing offset model
	Compare option 1 with option 2

	Frequency error (Hz)
	0
	50

	Simulation length
	2000 sub-frames due to limited time before submission


Table 1
	Modulation and coding scheme
	TB size
	PDSCH RE number
	SNR test point

	16QAM ½ (mcs13)
	sfr 0: 9936

sfr 5: no transmission

other sfr: 11472
	sfr 0: 5280

sfr 2, 7: 5700

sfr 5: no transmission

other sfr: 6000
	

	64QAM ½ (mcs19)
	sfr 0: 15684

sfr 5: no transmission

other sfr: 18360
	Same as above
	SNR = 16.5dB for two layer transmission

	64QAM ¾ (mcs24)
	sfr 0: 23712

sfr 5: no transmission

other sfr: 27400
	Same as above
	SNR = 15dB for one layer transmission


Table 2
3
Conclusion
Our conclusions through the study are as follows.
Observation 1: The option 1 has better capability than the option 2 to distinguish if the UE cheats. 
Observation 2: The configuration of higher MCS and two-layer transmission is more useful to rule out the cheated UE.
Proposal 1: Option 1 is chosen for the timing model.

Proposal 2: Consider 64QAM ¾ with one layer, and observe the total throughput at SNR = 15dB.
Proposal 3: Consider 64QAM ½ with two layers, and observe the total throughput at SNR = 16.5dB.
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