
TSG-RAN WG1 #49
R1-072467
Kobe, Japan, May 7 – 11, 2007
Source:
Ericsson

Title:
Uplink reference-signal (DM) structure
Agenda Item:
7.11.2
Document for:
Discussion and Decision

1. Reference-signal structure

1.1. Design of reference-signal base sequences (agreed)

The basic reference-signal design is assumed to be according to current RAN1 agreement:

· For an uplink resource allocation consisting of NSC = NRB(12 “subcarriers”, up to NRS reference-signal base sequences can be generated either by frequency-domain truncation or frequency-domain cyclic extension of length-NZC Zadoff-Chu sequences , see Figure 1. 
· Truncation: NZC is the smallest prime number larger than NSC
· Cyclic extension: NZC is the largest prime number smaller than NSC.
· Different methods (truncation or cyclic extension) can be used for different sizes of the uplink resource allocation, i.e. different values of NRB. What method to be used for each specific value of NRB is TBD and may e.g. depend on the cubic-metric and correlation/spectrum properties of the resulting sequences.
· The maximum number of base sequences that can be generated for a given NRB, equals NZC – 1, which is roughly proportional NSC.
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Figure 1 Generation of reference-signal base sequences (figure assumes one symbol truncation/extension)
1.2. Sequence grouping

The total set of reference-signal base sequences is divided into Ng base-sequence groups. Each such group includes Ki base sequences corresponding to an uplink resource allocation consisting of NRB = i resource block, for each valid value for NRB
. Thus each base-sequence group may e.g. consists of (see also Figure 2):

· K1 = 1 base sequence corresponding to an uplink resource allocation consisting of NRB = 1 resource block,

· K2 = 2 base sequences corresponding to an uplink resource allocation consisting of NRB = 2 resource blocks,

· K3 = 3 base sequences corresponding to an uplink resource allocation consisting of NRB = 3 resource blocks,
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Figure 2 Base-sequence grouping

It should be noted that the number of base sequences for a given resource-allocation size (Ki) corresponding to a certain resource allocation size NRB = i does not necessarily have to be equal to NRB. For larger resource allocation one could e.g. consider a fixed number of base sequences per group for each resource-allocation size.
It should also be noted that, with this grouping, some of the base sequences derived according to Section 1.1 will not be used. As an example, assuming that cyclic-truncation is used for resource allocations corresponding to three resource blocks (36 subcarriers), the maximum number of base sequences for this resource allocation is 31 (the largest prime number smaller than 36). This implies the number of base-sequence groups Ng is upper limited by 10. Also note that further limitations in the number of available base sequences per group may apply, e.g. to limit the cubic metric of the used base sequences.

1.3. Sequence shifting

The actual reference signals to be used are derived as cyclic (time-domain) shifts of the base sequences. 

The number of possible shifts depends on e.g.

· The size NRB of the resource allocation (the larger size the more sequences)

· The channel delay spread

It is proposed that a relatively large number of shifts, e.g. twelve shifts, are made available and that the set of shifts actually used can then be constrained e.g. in case of large channel delay spread.

2. Reference signal assignment

In order to carry out uplink transmission, the UE obviously needs to know what uplink reference-signal to use in a given time instant. This includes the base-sequence group, the specific sequence within the base sequence group, and the cyclic shift of the specific base sequence.  
2.1. Group assignment

Two approaches can be envisioned for the group assignment
· Cell-based assignment, i.e. each cell is assigned one base-sequence group

· eNB-based assignment, i.e. eNB is assigned one base-sequence group

eNB-based assignment has been argued for based on an assumption that, between cells of the same eNB, tight synchronization is possible even in an otherwise asynchronous network and thus, by assigning different cyclic shifts of the same base sequence to different UEs within an eNB, interference between reference-signal transmissions within an eNB can be minimized. It has also been argued that, from an uplink point-of-view, it is difficult to even talk about different cells of the same eNB as there is no way for a UE to know in what cell within the eNB its uplink transmission is actually being received. 

On the other hand, taking into account that an eNB may, in some cases, consist of a very large number of cells, it does not seem to be realistic to assume that the assignment of a single base-sequence group to an eNB would be sufficient. 

Furthermore, even in case of cell-based group assignment, the same base sequence (with different cyclic shifts) can be used in cells of the same eNB by simply assigning the same group to such cells (a deployment decision). Thus, cell-based assignment should not limit the possibility for orthogonality (cyclic-shift separation) between reference-signal transmissions within an eNB.

Finally, in case of cell-based assignment, the base-sequence group can be coupled to the physical-layer cell-ID. Thus there would be no need to explicitly signal the base-sequence group.

Thus we propose cell-based assignment of base-sequence groups, implying that each cell (defined to be the serving cell of the UE) is assigned one base-sequence group.

The alternative would be eNB-based assignment with a possibility to assign multiple base-sequence groups to the same eNB. However, in that case there would be a need to explicit signal the base-sequence group to be used by a specific UE. Such signaling would then need to be sufficiently flexible to allow for a varying number of base-sequence groups to be assigned to an eNB.  

2.2. Reference-signal hopping

Reference-signal hopping can be applied 
· in the form of cyclic-shift hopping of a single base sequence. 

· in the form of base-sequence hopping within a given base-sequence group

Due to the (very) limited number of base sequences within each base sequence group for the case of small resource-allocation sizes (one sequence in case of a resource allocation consisting of a single resource block), we believe that cyclic-shift hopping is needed. At the same time, the additional use of base-sequence hopping can provide additional randomization, especially in case of larger sizes of the resource allocation. 

Thus we propose combined cyclic-shift hopping and base-sequence hopping.

It should be noted that hoping in itself does not imply any additional signaling. In general, the UE must be made aware of what base-sequence group
, base sequence within the group, and cyclic shift of the base sequence to use for transmission in a given subframe and, in some way or another, this information has to be provided by the network. If hopping is applied, instead of being provided with an base sequence and cyclic shift, the UE is instead provided with a base-sequence index, and the shift index. This information, in combination with the subframe/frame/super-frame number, can then provide the absolute group, sequence, and shift to use. Exactly how to provide the base-sequence index and shift index is yet to be determined. 
3. Proposals

The following is proposed

· Base-sequence grouping, where each base-sequence group consists of a number of base sequences for each valid resource-allocation size

· Cell-based assignment of base-sequence groups, implying that each cell (defined to be the serving cell of the UE) is assigned one base-sequence group.

· The definition of a relatively large number of cyclic shifts, e.g. twelve shifts, combined with a possibility to constrain the number of shifts (e.g. in case of highly time-dispersive channels).

· Support for both base-sequence hopping and cyclic-shift hopping, where the actual base sequence and cyclic shift to be used at a given time instant is given be base-sequence/cyclic-shift index in combination with the subframe/frame/super-frame number,

� NRB cannot take an arbitrary integer value e.g. due to the fact that, according to current agreements, it should be possible to express NRB as a product of integers 2, 3, and 5


� If the base sequences would have been true Zadoff-Chu sequences (not truncation/extension of ZC sequences), the number of orthogonal shifts would have been equal to the sequence length NZC.. With the current base-sequence design (Section 1.1), this is only approximately true.


� Our proposal is that the base-sequence is provided by the serving-cell identity, see above.
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