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1. Introduction

In RAN4#66, there was discussion of time and frequency offsets for CRS interference cancellation in feICIC, and a way forward was agreed in [1]. The way forward proposes two options for specifying time and frequency offset in RLM, demod and CSI requirements
· Timing offset and frequency shift are assumed for RLM test and demodulation and CSI test: 
· Option 1: (timing offset, frequency shift) = ([2.5~3]μs for both aggressor cells, [200Hz~300Hz]), where only considering the positive time offsets;
· Option 2: timing offset between the aggressor cell and serving cell is in the range of [-3, 3]us, frequency offsets are between [-300, 300]Hz.
In this contribution, we provide further analysis to investigate typical time offset in system level studies.
2. Discussion

Following a similar methodology to [2], we evaluate time offsets as seen at the UE receiver between aggressor and victim cells. The UE is assumed to be time synchronised to the victim cell which it is demodulating, and it is assumed that IC is being performed on up to two aggressor cells. From UE receiver perspective, a signal is received at time:
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Where Tf is the frame start timing offset caused by differences in eNB absolute transmission time, and Tp is delay due to propagation of the radio signal.

Since the UE is synchronised to the victim cell (assumed for analysis to be a pico cell), it uses it as a time reference.

The aggressor interferers are received with the following timing relative to the pico cell
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For TDD eNB, there is a legacy requirement for the cell phase synchronisation in section 7.4.2 of TS36.133:

[image: image3.emf]Table 1  Cell phase synchronization requirement for wide area BS (TDD)  

Cell Type  Cell Radius  Requirement   

Small cell     3 km     3   s  

Large cell  > 3 km     10   s  

 



For the frame start offset, one aspect which may be noted is whether the 1st and 2nd dominant interferers have been transmitted from the same site (ie the interfering cells are different sectors of the same eNB). For this case, the frame start timing should be the same for both sectors. In the simulations, it was observed that approximately 28% of UEs experience interference where the first and second interferers are different sectors of the same site (ie both interferers can be expected to have the similar frame start timing and propagation delay).
Based on this, we model the frame start time difference as a uniformly distributed random variable in the range [-1.5,1.5]uS. This ensures that the frame start time difference between the pico cell and the cells at a macro eNB transmission site is up to 3us, following the TDD requirement for small cells. Configuration 4b(4) was used for the studies and other simulation assumptions are as given in [3]. The intersite distance was 500m and the pico TX power was 24dBm
Assuming the whole pico UE population, Figure 1 shows the CDF of difference in propagation time between the pico cell and two dominant macro interferers. As expected, there is a slightly larger spread of propagation delay for the 2nd inteferer compared with the 1st. Figure 2 shows the corresponding reception time differences: eNodeB transmit timing inaccuracies clearly increase the spread in the distributions and are indeed the main contributor to receive timing differences compared to the ones induced by the deployment scenario itself Figure 3 and 4 provide comparable results for CRE UE population.
	[image: image4.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



prop1

 [



s]

cdf

Distribution of 



prop1

 = T

prop

{Macro1}-T

prop

{Pico}

0.4

0.6

0.9


	[image: image5.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



prop2

 [



s]

cdf

Distribution of 



prop2

 = T

prop

{Macro2}-T

prop

{Pico}

0.4

0.8

1.3




Figure 1 : Propagation time differences for first and second interferer, all pico UEs
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Figure 2 : Reception time differences for first and second interferer, all pico UEs
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Figure 3 : Propagation time differences for first and second interferer, CRE UEs
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Figure 4 : Reception time differences for first and second interferer, CRE UEs

Based on the results, the following observations are made
Observation 1: Differences in distributions between CRE UEs and all pico UEs are very minor (at most about 0.1us at 90th percentile). This is because of the relatively small size of pico coverage compared to macro coverage, meaning that the location of the pico UE within pico coverage does not make a big difference to the result.

Observation 2: Considering propagation time, the time difference for the aggressor cell is always positive (propagation delay from the macro cell is always more than propagation delay from the pico)
Observation 3: Considering propagation time + frame start timing offsets, there is still a very clear positive bias in the delay difference distributions the most negative delay observed at the 10th percentile being -0.6uS.
Observation 4: The second dominant interferer typically has a slightly increased delay (0.1 to 0.2us at the median) as the second interferer is typically a bit more distant than the first interferer
When RAN4 defines the requirement for feICIC RLM, demodulation and CSI a single value needs to be chosen for the requirements scenarios in TS36.101. Given the clear positive bias observed in propagation time differences and the low probability observed of a delay more negative than -0.6uS, it seems important to ensure that UE performance is verified with a positive time offset. Considering that the 90th percentile of the distribution of the 2nd dominant interferer over CRE UEs is 2.0us and the 90th percentile over all UEs is 2.1us, and also to ensure some margin over what is observed in the simulations to ensure the robust system performance of feICIC we propose:

Proposal 1 : Timing offset=2.5μs is used for both aggressor cells in RLM, demodulation and CSI tests

3. Conclusions

In this contribution we evaluate time differences for aggressor cells compared to the victim cell in system level studies. Based on the results, we make the following observations and proposal
Observation 1: Differences in distributions between CRE UEs and all pico UEs are very minor (at most about 0.1us at 90th percentile). This is because of the relatively small size of pico coverage compared to macro coverage, meaning that the location of the pico UE within pico coverage does not make a big difference to the result.

Observation 2: Considering propagation time, the time difference for the aggressor cell is always positive (propagation delay from the macro cell is always more than propagation delay from the pico)

Observation 3: Considering propagation time + frame start timing offsets, there is still a clear positive bias in the delay difference distributions

Observation 4: The second dominant interferer typically has a slightly increased delay (0.1 to 0.2us at the median) as the second interferer is typically a bit more distant than the first interferer

Proposal 1 : Timing offset=2.5μs is used for both aggressor cells in RLM, demodulation and CSI tests
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