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1. Introduction

In the current working assumption, both hopping and planning, i.e., shifting, of a sequence group for the uplink demodulation (DM) reference signal (RS), sounding RS (SRS), and the base sequence of physical uplink control channel (PUCCH) are supported [1, 2]; however, a specific method to generate the sequence for hopping/shifting has not yet been decided. Therefore, in this contribution, we propose a hopping/shifting pattern of sequence groups for uplink RSs.
2. Two-Layered Hopping/Shifting of Sequence Groups
In the Athens meeting, the number of the sequence groups for the uplink DM RS, SRS and PUCCH was decided to be 30 assuming computer generated (CG)-CAZAC sequences. Therefore, the number of sequence shifts for cell planning becomes 30. We believe that the cell planning of 30 sequence groups should be the baseline method for the E-UTRA uplink.

On the other hand, in the current working assumption, the hopping of sequence groups is also supported in addition to the aforementioned planning, i.e., sequence shifting. Regarding the required number of hopping patterns, 504 or 510 seems to be reasonable considering the number of cell IDs as discussed in the e-mail reflector. Therefore, in this contribution, we propose a two-layered hopping/shifting pattern generation method with 17 root hopping patterns and 30 sequence shifts as illustrated in Fig. 1. 
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Figure 1 – Two-layered hopping/shifting pattern of sequence groups

In the proposed two-layered sequence hopping/shifting pattern generation method, each pattern is generated by combining the root hopping pattern and the sequence shift. The main features of the proposal are summarized as follows.

· 504 or 510 hopping/shifting patterns are generated by 30 sequence shifts of 17 root hopping patterns.
· 30 complete shifting patterns are generated as a subset of 504 or 510 hopping patterns, i.e., one root hopping pattern contains no hopping. Thus, the pure planning of 30 sequence groups without hopping is also possible as shown in Fig. 2(a).
These sequence shifted version of the same root hopping pattern can be allocated to the cells belonging to a coordinated cell cluster, i.e., planning, as shown in Fig. 2(b). Therefore, between the cells within the coordinated cell cluster, the inter-cell interference of the RS is minimized thanks to a lack of RS sequence collisions due to sequence shifting. Meanwhile, between the cell clusters, the RS sequence collisions are randomized using different root hopping patterns.
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(a) Pure planning                                              (b) Planning and hopping

Figure 2 – Allocation examples of two-layered sequence hopping/shifting patterns

(Number of sequence shifts is limited up to 12 for illustration purposes)
3. Signaling Method of Sequence Groups and Hopping Patterns
For the signaling of sequence groups and hopping patterns, the conclusions from RAN1#50bis meeting are as follows.

· PUCCH RS sequence hopping (same for ACK/NAK and/or CQI)

· One bit in D-BCH indicates whether sequence hopping is enabled or not. 
· The selection applies to both PUCCH and PUSCH (not necessarily the same hopping pattern). 
· If hopping is disabled, the sequence group is indicated (5 bits for 30 groups). 
· If hopping is enabled, the signalling of the hopping pattern is FFS (e.g. on D-BCH or cell-specific).
For the signaling of sequence groups and hopping patterns, we need a 9-bit cell-specific signaling to indicate the 504 or 510 hopping/shifting patterns when we assume the explicit signaling using D-BCH. However, as an alternative, we can also employ a one-to-one relationship between the 504 cell IDs and 504 hopping/shifting patterns. In this case, when we employ the pure cell planning of 30 sequence groups without hopping in the uplink, the number of available cell IDs is also limited to 30. Therefore, to avoid this problem, one-bit cell-specific signaling to indicate the ON/OFF of the root hopping pattern is necessary.


Regarding the signaling of the sequence group and hopping pattern for each uplink RS, i.e., DM RS, SRS, and PUCCH, separate signaling of each RS is very redundant. Therefore, we propose the use of a common root hopping pattern for the sequence groups among the DM RS, SRS, and PUCCH, as illustrated in Fig. 3. In this case, the DM RS and SRS reuse the sequence group of the PUCCH with the shortest hopping cycle, e.g., slot duration. 

In addition to the above signaling, we employ separate signaling of the sequence shift for the DM RS so that orthogonal multiplexing using cyclic shifts among cells within the same Node B is possible [3]. Since there are 30 sequence shifts, the number of additional signaling bits is 5 bits at maximum.
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Figure 3 – Use of common root hopping pattern among uplink RSs
The main features of the proposed signaling method are summarized as follows.

· We employ cell-specific signaling to indicate the sequence group and hopping pattern. Two alternatives are presented.
· Alt.1: 9-bit cell-specific signaling for 504 or 510 hopping/shifting patterns

· Alt.2: One-to-one relationship between the 504 cell IDs and 504 hopping/shifting patterns. One-bit signaling is used to indicate the ON/OFF status of the hopping.

· A common sequence group hopping pattern among the DM RS, SRS, and PUCCH is employed.
· A sequence shift for the DM RS is separately signaled to achieve orthogonal multiplexing using cyclic shifts among cells within the same Node B. The number of additional signaling bits is 5 bits at maximum.
4. Conclusion

This contribution proposed a two layered hopping/shifting pattern generation method for the uplink DM RS, SRS, and PUCCH sequence groups. Using this method, 504 or 510 hopping patterns with 30 complete shifting patterns as a subset for planning can be generated by combining the root hopping pattern and the sequence shift. Furthermore, we propose employing a common root hopping pattern among the DM RS, SRS, and PUCCH in order to reduce the signaling overhead. 
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