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1. Introduction

In [1], it was shown that sequence hopping is desirable to randomize sufficiently the inter-cell interference (cross-correlation) between reference signals (RSs) for all combinations of RS bandwidths compared to cyclic-shift value hopping for the uplink RS in the E-UTRA. However, pure sequence hopping will cause sequence collisions with high probability especially for a narrow RS bandwidth. Therefore, this contribution proposes a sequence hopping and cyclic-shift value hopping method for the uplink RS in the E-UTRA that address this problem.
2. Proposed Sequence Hopping without Collision
2.1. Proposal
For sufficient randomization of the inter-cell interference (cross-correlation) between RSs for all combinations of RS bandwidths, sequence planning may be impossible since there are many combinations of RS bandwidths (it may be noted that the cross-correlation of RSs is also dependent on the gap of the center frequencies of the RSs). Therefore a “hopping” approach must be considered.

There are two hopping approaches, base sequence hopping and cyclic-shift value hopping. The sequence hopping approach achieves a better randomization effect compared to that for cyclic-shift value hopping [1]. However, the problem in pure sequence hopping is a high collision probability of the RS sequences especially with a narrow transmission bandwidth (short sequence length).

Therefore, we propose applying sequence hopping within the group-wised sequences to only wider RS bandwidths. Table 1 indicates the concept of the proposal.

Table 1 – Proposed sequence hopping
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The proposed method is described below.

· First, Ngrp RS sequence groups are defined. Ngrp corresponds to the number of RS sequences for the minimum transmission bandwidth, i.e., 1 resource unit (RU), N1 (in Table 1, Ngrp = N1 = 12 is assumed).
· We assume that the number of the RS sequences for the bandwidth of x RUs is x N1, since the number of Zadoff-Chu (ZC) sequences is approximately equal to the sequence length, which is proportional to the transmission bandwidth.
· Then, the k-th RS sequence group (
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) contains the x RS sequences with the sequence indices of k, k + Ngrp, …, and k + xNgrp for the bandwidth of x RUs, regarding all RS bandwidths. We denote the i-th RS sequence for bandwidth x RU as “Seq[xRU, i]”.
· Therefore, none of the RS sequences ever belong to multiple RS sequence groups.
· Sequence hopping is performed among the sequences that have the same transmission bandwidth belonging to the same RS sequence group.
· Each cell uses one of the Ngrp RS sequence groups. Therefore, RS sequence collision does not occur between cells using different RS groups, while the randomization of the inter-cell interference (cross-correlation) between RSs with all the combination of RS bandwidths is achieved due to the sequence hopping for the wider RS transmission bandwidth.
2.2. Procedures for Sequence Group Assignment

This sub-section describes the preferred procedure for the RS sequence group assignment and sequence hopping pattern indication.
Regarding the assignment of the RS sequence group to the cell, we can consider following three options.

· One-to-one correspondence between the RS sequence group index and cell ID group (or cell ID). No additional signaling other than the cell ID group (or cell ID) using the synchronization channel (SCH) is necessary.
· Static assignment of the RS sequence group index to each cell. The cell broadcasts the RS sequence group index to be used to the UEs using the broadcast channel (BCH).
· Dynamic assignment of the RS sequence group index to each cell. L1/L2 control signaling is used to inform the UEs of the RS sequence to be used.
One-to-one correspondence between the RS sequence group index and cell group ID will cause potential restrictions in the use of the cell group ID since the number of uplink RS sequence group is less than the number of cell group IDs. We do not see the merit of dynamic assignment of the RS sequence group index to cells considering the drawback of the increased signaling overhead. Therefore, our preference is static assignment of the RS sequence group index to each cell and use of the BCH to indicate the RS sequence group index of the cell to the UEs.

Regarding the sequence hopping pattern definition, we prefer to use a predetermined fixed sequence hopping pattern to avoid additional signaling.
3. Cyclic-Shift Value Assignment and Hopping
Once the RS sequences for all transmission bandwidths are allocated to the cells, the remaining channelization resources for the uplink demodulation RS are the cyclic shift and orthogonal covering sequence.
Although the orthogonal covering sequence achieves orthogonality even using different transmission bandwidths, the application is limited to the case with low mobility and no frequency hopping. Considering also that there are only two orthogonal covering sequences, our preference, for the sake of simplicity, is to use the orthogonal covering sequence only for the generation of the orthogonal RS between antennas for single user (SU)-MIMO.


The cyclic shift is used to achieve orthogonality between different UEs belonging to the same cell (SDMA or MU-MIMO) or different synchronized cells (typically cells belonging to the same Node B, i.e., sectors). To support orthogonal transmission efficiently and flexibly, our preferred signaling scheme for the cyclic-shift value to the UEs is as follows.
· The Node B determines the actual cyclic-shift value for each cyclic-shift index considering the average delay spread in a cell, etc., and uses the BCH to inform the UEs.
· The L1/L2 control signaling (a part of the scheduling grant) is used to inform the UEs of the cyclic-shift index that is to be employed.
Therefore, cyclic-shift value hopping can also be used if necessary by changing the assigned cyclic-shift index randomly or in a coordinated way between cells.
Figure 1 shows the proposed uplink RS resource allocation.
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Figure 1 – Overview of proposed allocation of uplink RS resources
4. Conclusion
This contribution proposed a sequence hopping and cyclic-shift value hopping method for the uplink RS in the E-UTRA.
· Sequence hopping within the group-wised sequences for only wider RS bandwidths is proposed to achieve sufficient randomization of the inter-cell interference (cross-correlation) between RSs for all combinations of RS bandwidths while avoiding collisions of the RS sequences.
· The RS sequence group index is (semi-)statically allocated to a cell and the UE is informed using the BCH.
· The UE is informed of the employed cyclic-shift index using the L1/L2 control signaling in order to achieve flexible orthogonality between the UEs. Therefore, cyclic-shift value hopping can also be used if necessary by changing the assigned cyclic-shift index randomly or in a coordinated way between cells.
· Orthogonal covering sequences are also used to generate orthogonal RSs between antennas for SU-MIMO.
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