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1. Discussion

1.1. Base-sequence groups
The total set of base-sequences used as the basis for the UL reference signals are divided in different base-sequence groups. There are two different ways of defining such base-sequence groups:
· There are multiple sets of base-sequence groups, one for each base-sequence length, i.e. one set of 30 groups with each group consisting of N1 sequences of length corresponding to one RB, another set of 30 groups with each group consisting of N2 sequences of length corresponding to two RBs, etc. (note that Ni = 1 for i < 6)
· There is a single set of base-sequence groups, where each group consists of N1 sequences of length corresponding to one RB, N2 sequences of length corresponding to two RBs, etc.

What definition to eventually use it mainly a specification-writing detail (current draft CR for 36.211 seems to lean towards Alternative #1 above). However, if there are multiple sets of base-sequence groups, each consisting of sequences corresponding to a specific base-sequence length (Alternative #1), it should still be made clear that group assignment to cells, including group hopping, is carried out jointly for all sequence lengths (this is inherent for Alternative #2).
Group assignment to cells, including group hopping, is carried out jointly for all sequence lengths

1.1.1 Group assignment to cells and group hopping
A cell can be statically
 assigned a certain base-sequence group out of the 30 available base-sequence groups (five bits of system information). Alternatively, the group to be used within a cell can change in a well-defined way on a per-slot basis, so-called group hopping. If group-hopping is enabled it should be used for all reference signals within a cell (PUSCH DM RS, PUCCH DM RS, and SRS). Similarly, if group hopping is not enabled, it should not be used for any reference signal within the cell.
Group hopping is jointly enabled/disabled for all reference signals within a cell

In case of group hopping, each cell is statically assigned a hopping-pattern index. The actual group valid for a given slot is then given by the hopping-pattern index in combination with the slot number within the frame. What needs to be agreed upon is (1) the number of hopping patterns, (2) the hopping pattern period, and (3) the set of hopping patterns. 

Our proposal is as follows (see [1] for more details):
· Number of hopping patterns: 504 (hopping-pattern index ranging from 0 to 503)
· Hopping pattern period: 20 (one frame) 

· Hopping pattern: sn(k) = (n ( 32k + 3k + (n mod Q  where Q = 31,  (n = ( n/Q ( and βn = n - (n  ( Q
The above expression provides sequences with elements 0, …, 30. In order to provide suitable group-hopping patterns the elements should be calculated modulo 30.
Note that the factors 3k and 32k can be pre-calculated for k = 0, 1, …, 19 and stored mod Q (a total of 40 values). 

1.1.2 Group assignment for PUSCH vs. PUCCH/SRS
Within a cell, the same base-sequence group, alternatively the same group-hopping index should be jointly assigned for PUCCH and SRS (note that, for PUCCH, only sequences of length one RB are of interest). However, the base-sequence group, alternatively the group hopping index, should be independently assigned for PUCCH/SRS and PUSCH. The reason is that it should be possible to assign the same PUSCH base-sequence group to neighbor cells, e.g. cells of the same eNB while, at the same time, assign different PUCCH/SRS groups for the same set of cells.

 Thus, the following need to be provided as part of system information:
· Group-hopping enabled/disabled (valid for PUSCH, PUCCH, and SRS) [1 bit]

· Group-assignment, alternatively group hopping index, for PUSCH [5/9 bits]
· Group-assignment, alternatively group hopping index, for PUCCH/SRS [5/9 bits]
2. Base-sequences

For sequence lengths ( 5 RB, there is only one base-sequence per group. However, for sequence lengths > 5 RB there is a possibility for multiple base-sequences per group. In such a case, it has been agreed that one should either be able to select one sequence in the group (“planning”) of apply sequence hopping. However, at least if group-hopping is enabled, it seems unnecessary to apply additional sequence hopping within the group. Thus, at least if group hopping is enabled, it is proposed that, within each group, a pre-defined sequence of the requested length is used.
3. Cyclic-shift
Different cyclic-shift of the base sequence can be used to distinguish 
· UEs in neighbor cells using the same base-sequence assignment
· UEs within a cell transmitting on the same uplink resource (uplink SDMA). 
3.1. Available cyclic shifts

Although the term “cyclic shift” has typically been used, in 36.211 cyclic shifting of the reference-signal base sequences is actually described as a frequency-domain multiplication with 
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 where n is the “sub-carrier” number, i.e. as a frequency-dependent phase shift. In terms of the set of cyclic shifts to be made available, there seems to be two alternatives on the table: 
· Alternative #1: Six cyclic shifts corresponding to 
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· Alternative #12: Twelve cyclic shifts corresponding to 
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It should be noted that, in the later case, only half the cyclic shifts corresponding to k = 0, 2, 4, …, 10 can be used in environments with substantial time dispersion. 

Current assumption of 3 bits of signaling of the cyclic shift points in the direction of the first alternative (6 cyclic shifts). In case of the second alternative, the signaling would need to be extended to 4 bits. Furthermore, any cyclic-shift hopping rule must be designed so that, one can limit to a subset of 6 cyclic shifts (to handle cells with extensive time dispersion). Still, we believe it could be beneficial to define up to twelve shifts to allow for high-order SDMA when the conditions so allow.
3.2. Signaling of cyclic shift

There are three ways of providing the cyclic shift (for PUSCH transmission)

· Cyclic-shift information broadcast as part of the system information

· Cyclic shift information provided as part of the uplink scheduling grant (for dynamically scheduled PUSCH transmissions)

· Cyclic-shift information provided as part of the set-up of persistently scheduled PUSCH transmission

It is proposed that all these are supported.

· A default cyclic prefix is provided as part of the system information

· Cyclic shift information provided as part of the uplink scheduling grant or the set-up of persistently scheduled PUSCH transmission overrides the broadcast cyclic shift. At least the uplink scheduling grant should not always need to include the cyclic-shift information.

For PUCCH and SRS, the cyclic-shift information can similarly be provided by means of higher-layer configuration.
Note that it is up to the configuration/scheduler to ensure that, in environments with substantial time dispersion, only a subset of the twelve defined cyclic shifts are actually being used within a cell. 

3.3. Cyclic-shift hopping

In case of cyclic shift-hopping, a cell-specific hopping pattern should be defined. The actual cyclic-shift to be used is then the sum of the cell-specific cyclic-shift pattern and the cyclic-shift assigned according to Section 3.3.
� It should not be possible to change an assigned base-sequence group even by means of higher-order signaling. Thus, the base-sequence groups are statically, rather than semi-statically, assigned to cells. 
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