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1. Introduction

This contribution presents our views on the downlink reference signal (RS) hopping/shifting in the E-UTRA.

2. Frequency Hopping/Shifting of Downlink RS
2.1. Removing ON/OFF Options for Frequency Hopping/Shifting of Downlink RS
In the current working assumption [1], the operator can select whether or not to activate frequency hopping/shifting of the downlink RS. When frequency hopping/shifting of the downlink RS is not used in the network, all cells use the same resource element (RE) positions for the downlink RSs. 

However, from the operator perspective, the two options for the frequency hopping/shifting mode of the downlink RS are redundant. Thus, we do not see specific cell deployment scenarios where the choice of employing frequency hopping/shifting of downlink RS or not is advantageous. If there are two options, the UE must identify the option to use in the target cell during cell search using, e.g. the SCH. This may degrade the cell search performance. 

Therefore, we recommend removing one of the two options for frequency hopping/shifting of the downlink RS.

We do not have our own investigation results regarding the gain of the frequency hopping/shifting of the downlink RS. However, referring to [2] and [3], we see that the frequency hopping/shifting of the downlink RS is beneficial in a synchronized network with power boosting of the downlink RS. Although the baseline of inter-cell (Node B) operation in the E-UTRA is inter-Node B asynchronous operation similar to that in W-CDMA, we believe that the inter-Node B synchronous operation will be very important. This is because the high-quality reception of the MBMS is achieved by soft-combining multiple MBMS signals from different Node Bs with inter-Node B synchronous operation, i.e., the SFN mode. In addition, power boosting is necessary to achieve the best tradeoff between channel estimation accuracy and the RS overhead assuming the agreed RS mapping [4].

Therefore, generally we have no objection to always using frequency hopping/shifting of the downlink RS. However, we have several opinions on the design criteria of the hopping/shifting pattern for the downlink RS.

2.2. Frequency Hopping/Shifting Pattern Design

In Huawei’s proposal [5], the frequency hopping/shifting pattern is given priority over frequency hopping. Among 170 hopping/shifting patterns, only 6 patterns achieve shifting. However, as was indicated in the E-mail discussion, if inter-cell coordination is achieved, frequency shifting will achieve better channel estimation and CQI measurement than frequency hopping since there are no RS collisions between cells in frequency shifting. 

Therefore, we propose employing a two layered frequency hopping and shifting pattern generation as shown in Fig. 1. 
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Figure 1 – Proposed two layered frequency hopping and shifting pattern generation for downlink RS.

In the proposed two layered frequency hopping and shifting pattern generation, the frequency hopping/shifting pattern is generated by combining the base frequency hopping sequence and the frequency shifting factor. More specifically, each frequency hopping sequence generates Nshift frequency-shifted versions of the final frequency hopping/shifting pattern. These frequency shifted versions of the same base frequency hopping sequence can be allocated to the cells belonging to a coordinated cell cluster (see Fig. 2). Therefore, between the cells within the coordinated cell cluster, the inter-cell interference of the RS is minimized thanks to a lack of RS collisions due to frequency shifting. Meanwhile, between the cell clusters, the RS collisions are randomized using different base hopping sequences similar to the proposal in [5]. Therefore, the proposed two layered frequency hopping and shifting pattern generation can derive the gains from frequency shifting and hopping more effectively than the proposal in [5].
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Figure 2 – Allocation of two layered frequency hopping/shifting patterns for downlink RS to cells
The example equation to generate the two layered frequency hopping and shifting patterns is presented below.
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 is the cell-specific integer sequence of length 10 for the generic frame structure and of length 7 for the alternative frame structure [6]. Furthermore, 
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) represent the base frequency hopping sequence, the frequency shifting factor, and the index of the cell ID group, respectively. The frequency shifting factor can be represented as 
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 and the preferred Nshift value is 3 or 6 (optimized for more than one- or one-transmit antenna). The exact base frequency hopping sequence, 
[image: image9.wmf](

)

j

x

a

,

, is FFS, but should be carefully investigated considering both the number of hits among sequences and channel estimation accuracy.

3. Conclusion
This contribution presented our views on the downlink RS hopping/shifting in E-UTRA. A summary is given below.

· Removal of redundant ON/OFF options for frequency hopping/shifting of downlink RS is suggested. According to the cell ID group, fixed frequency hopping/shifting pattern for the downlink RS should always be applied.
· Two layered frequency hopping and shifting pattern generation is proposed in order to utilize fully the advantage of both frequency hopping and shifting.
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