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1. Introduction
Hopping and cell-specific shifting of the DL RS are two options considered for EUTRA. While claims have been made [1] for modest gains in the cell throughput with hopping compared to shifting, concerns have been raised over the email reflector on possible increase in the complexity of the channel estimation at the UE due to hopping RS. In this contribution we analyze the effect of RS hopping on the channel-estimation accuracy and complexity at the UE.
2. Assumptions

We assume a most demanding case of high data rates, continuous reception, and low speeds, where the receiver needs to “squeeze the juice” out of the channel estimation by averaging over several past RS symbols. We also assume a 2D Wiener filter for the channel estimation.

We compare between several alternative 2D filter configurations. Without RS hopping, we assume the following scheme of “sliding window” (Figure 1), which works with relatively low complexity: 
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Figure 1: “Sliding window” filtering. The figure shows the filtering operation along the time axis, where each one of the 4 filtering operations (coded by 4 colors) generate channel estimates at the data locations with corresponding colors. Overall two filters are required per given channel Doppler and delay spread.
Without RS hopping, the filters in Figure 1 are constant over time as long as the channel Doppler and delay spread are constant. Channel estimation is computed at the end of every RS symbol, enabling the lowest possible latency of the channel-equalization, which implies that the consequent data decoding process has the longest possible time to complete, and thus minimal complexity.
With RS hopping, the filters will need to change from subframe to subframe because they span a subframe boundary. One can choose one of 3 alternatives:

1. Stick to the same performance by keeping the same sliding window scheme, in which case the filter complexity becomes large due to the need to compute and hold in memory filters for all possible RS frequency locations.
2. Keep approximately the same complexity by replacing the sliding window by an “expanding” filter, so that the filters average only the RS in the current sub-frame (with an exception at the beginning of the sub frame where the last RS of the past sub fame is taken into account, see Figure 2). In this case there is almost no increase in filter complexity because only filters 1 and 5 need to be multiplied for the varying RS locations. Nor is the channel-equalization latency increase, which then implies that there is no increase in the consequent data decoding complexity. However, there would be a loss in channel-estimation accuracy due to the reduced averaging over past symbols.
3. Do one of many possible compromises between complexity and accuracy.
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Figure 2: “Expanding window” averaging, which results, in almost similar complexity with RS hopping as the “sliding window” without RS hopping.
In this contribution we estimate the complexity toll of alternative (1), and the performance loss of alternative (2). We believe that it is most instructive to demonstrate the cost of RS-hopping for the UE along two “orthogonal” dimensions of complexity and accuracy.
3. Complexity Analysis
The additional complexity of RS hopping is due to the need to compute and store more filters, accounting to all possible RS sub carriers locations. The complexity, presented in table 1, is expressed in terms of MIPS (Mega Instructions per Second) and memory words.
	Test Case
	MIPS
	Memory Words

	Sliding window  – no hopping (Figure 1)
	3.5
	17 K

	Expanding window – hopping (Figure 2)
	3
	22 K

	Sliding window       – hopping (Figure 1)
	21.5
	101 K


Table 1: Complexity Estimation
As can be seen in the above table the sliding window method is 6 times more complex with hopping RS than without.
4. Link simulation results

Table 2 summarizes the simulation conditions and Figure 3 shows the corresponding BLER plots.
	Parameter
	Description

	System BW
	5MHz

	Channel 
	Terrestrial Urban (TU), 6 rays ,3 Km/H

	Modulation Coding Scheme
	16QAM rate 1/2

	MIMO Mode
	Open loop Spatial Multiplexing 2x2

	Receiver
	MMSE

	Channel Estimation 
	2D Wiener filter:

1. Sliding window (fig 1)
2. Expanding window (fig 2)


Table 2: Simulation Conditions
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Figure 3: Sliding window vs. expanding window performance, TU 3Km/h
From the figure we see that the performance in the case of the sliding window outperforms the expanding window by about 0.35 dB. 
5. Conclusions

We analyze the effect of RS hopping on the channel-estimation accuracy and complexity at the UE. For the alternative of no accuracy loss, RS hopping increases complexity by a factor of 6. For the alternative of no complexity increase, the accuracy loss translates to 0.35 dB loss in the BLER plots.

Based on these results, we conclude that from the UE perspective is it is more desirable in terms of performance/complexity to have RS shifting.
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