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1. Introduction

In RAN4#65meeting, there had discussions on assumptions for non quasi co-located antennas/CoMP. The average received timing and frequency shift were discussed and options for further analysis are provided in WF [1], where different options are listed. And test points will be selected within these ranges in RAN4#66.
In this contribution, firstly we analysis on the average received timing range from CoMP deployment view, and then discuss the test points for CoMP UE performance test.
2. System level simulation on propagation delay offset
In this section, we run a set of system simulations to show the CDF distributions of the received timing difference, according to simulation assumption in 3GPP case 1 and ITU UMa scenarios. In particular, we assume 1dB Handover margin to illustrate the realistic imperfection of serving cell selection, and ISD=500m. Furthermore, we assume signal transmitted from TPs are perfectly synchronized, only the propagation delay makes the received time offset. 

The received time offset is defined as: the time offset between UE received the signal from serving TP and the 1st strongest interference TP. 
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Figure 1: simulation scenario
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2-a: In ITU/UMa








2-b: In 3GPP/Case 1 
Figure 2: CDF of propagation latency offset for 2 CoMP TPs in CoMP scenario 2 with RSRP window (3dB to Inf dB).
The results of CoMP scenario 2(CoMP between Macro and high power RRH (46dBm)) were demonstrated in figure 2. It is observed that:
1. Most of the UE (50%~60%) have propagation latency difference as 0us since the 1st strongest neighbour cell is co-site sectors.

2. More UE Probability with Positive propagation latency offset: Typically more UE experiences positive offset than negative, that is due to the serving cell is normally of strongest path gain. That can be observed especially from the 3GPP case1 results. 
3. Negative offset occurs due to several factors: Shadowing and antenna gain. The Shadowing and antenna gain are independent from distance, that means the neighbour may have strong path gain (short distance to the UE), but with deep shadow fading or less antenna gain: although the final overall RSRP are similar, the propagation latency of interference cell might be larger than that of serving cell. 
4. Stricter RSRP window based CoMP TP selection can’t reduce the maximum possible offset seen by UE. 
5. The propagation latency offset ranges are [-1.7us, 1.7us] for UMa channel model and [-0.6us, +1.2us] for Case1 channel model in Homogenous scenarios.
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3-a: CRE=0 dB













3-b:CRE=9dB
Figure 3: CDF of propagation delay offset for 2 CoMP TPs in CoMP scenario 3 and 4, 
with RSRP window (3dB to Inf dB).
The results of CoMP scenario 3 and scenario 4 (Macro and low power RRH (20dBm)) were demonstrated in figure 4. UE dropping and Pico dropping are aligned with the 36.814. It is observed that:

1. Compare with the homogenous cases in figure 2, the heterogeneous cases have larger probability non-zero propagation delay offset. That is due to more UE select Macro+ Pico as CoMP set. 
2. The propagation latency offset ranges [-1.6us, 2 us] is observed.   
3. Link level simulation for UE demodulation performance
Furthermore, we check the UE demodulation performance under link level simulation for different timing offset. The intention is to find out UE performance degradation assuming UE doesn’t do any compensation. And then we should select an offset resulting in significant UE performance difference otherwise this test doesn’t make any sense as UE doesn’t need to do the corresponding QCL assumption but still can pass the test. 

Simulation assumption is according to [4]. And specifically,
· Channel model: EVA, ETU

· Allocated PRB number=3

· Antenna configuration: 2*2

· Rank: fixed rank one

· MIMO mode: TM9 

· MCS: 16QAM ½, QPSK 1/3, 64QAM ¾
Timing offset cases are: -1.0, -0.5, 0.0, 1.5, 2.0, and 2.5 us (considering the non-idea synchronization, latency observed by UE could be even larger): 
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Figure 4: QPSK EVA(left) and ETU (right)
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Figure 5: 16 QAM EVA(left) and ETU (right)
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Figure 6: 16QAM (MCS14) EVA BLER with timing offset compensation or Not
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Figure 7: 16QAM (MCS14) EVA Throughput with timing offset compensation or Not

The following is observed: 

1. Demodulation performance degrades more on ETU channel due to the larger delay spread. 
2. For 16QAM and QPSK, the UE performance degradation is insignificant until offset is as large as +2.5us (1~1.5dB degradation). While +2us offset introduces 0.5~1dB degradation. Thus we propose at least +2.5us defined in test case.  
3. With simulation results on the performance under compensation, as shown in figure 6 and figure 7, the demodulation performance of timing offset compensation under 2.5us offset is no big difference comparing with the performance under 0us offset, in BLER or throughput. Here the compensation (performance show in the tracking curves) means UE tracks the neighbour TP and detect the timing offset then compensate it on post-FFT sampling. A realistic timing tracking algorithm was used, which is detailed explained in [5][6]. 
4. -1.0us offset introduces large performance degradation (almost 2dB degradation in 16QAM ETU). And -0.5us timing offset introduces 0.3~0.5dB degradation. Thus we would like suggest having -1us also defined in the test case, while considering the UE compensation capability for the total timing offset window range, thus -0.5us was proposed.   
Proposal: Based on the simulations, we propose to have [-0.5us, +2.5us] to define the UE test case.      

4. Summary

In this contribution we analysis the CoMP scenarios, and provide system level simulation results for propagation delay offset and link level simulation results for analysis the timing offset for CoMP test. 
According to the system level simulation for the propagation delay offset, it is observed 
1. With the assumption of Macro ISD=500m and perfect synchronization, the propagation latency offset ranges are [-1.7us, 1.7us] for ITU-UMa channel model and [-0.6us, +1.2us] for 3GPP Case1 in Homogenous scenarios and [-1.6us, 2us] in Heterogeneous scenarios. If considering the non-idea synchronization and different ISD, latency observed by UE could be even larger.  
2. Applying RSRP window based TP selection doesn’t change the worst offset seen by some UE.

According to the link level simulation without compensation, it is observed that offset +2.5us and -1us resulting in significant UE performance degradation thus could help to distinguish the UE behaviour under corresponding QCL assumption. In addition, compensation for 2.5us timing offset is justified that no big impact to the UE demodulation performance. Also considering the UE compensation capability for the total timing offset window range, we propose to have [-0.5us, +2.5us] to define the UE test case.      
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