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1.
Introduction

The following decisions regarding to cyclic shift (CS) hopping has been made so far in previous RAN1 meetings: 
· PUSCH DM RS utilizes slot-based CS hopping
· PUCCH utilizes symbol-based CS hopping
· CS hopping is always enabled
This contribution discusses open details regarding to the slot-based CS hopping for DM RS. PUCCH CS/OC re-mapping is considered in a related contribution [1]. A layered cyclic shift hopping is proposed; cyclic shift re-mapping, i.e., hopping between CS resources, is considered in Section 2 and cell-specific CS hopping is addressed in Section 3.
One key aspect in the CS hopping definition is efficient handling of different DM RS bandwidths. In the following, CS hopping pattern is defined in terms of cyclic shift values. These CS values have 12 possible values, corresponding to the length of one resource block DM RS as well as around 5 us channel delay spread. The CS values do not depend on the actual RS bandwidth and are only in the end mapped to the actual DM RS cyclic shifts, as discussed in Section 5. 
2.
CS re-mapping
Orthogonality between different cyclic shifts of the same base ZC sequence varies a lot, depending mainly on channel delay spread. The best orthogonality exists between the cyclic shifts having maximum difference in cyclic shift domain, and the worst orthogonality is between adjacent cyclic shifts. In addition to the randomization, another important aspect for CS re-mapping on PUSCH DM RS is the commonality with the CS re-mapping applied on PUCCH [1].

Cyclic shift re-mapping between two slots is realized by means of pre-defined CS re-mapping pattern proposed for PUCCH CS re-mapping. The proposed pattern operates on CS values [0, 1, … 11], which are, as said, independent of actual RS bandwidth. The pattern is described as follows
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Resource number slot #1 slot #2

0 0 6

1 1 11

2 2 4

3 3 9

4 4 2

5 5 7

6 6 0

7 7 5

8 8 10

9 9 3

10 10 8

11 11 1

 for even values of CS_cell(0)
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	Equation 1.


where CS_cell(0) equals to the cell-specific cyclic shift value [0, 1, … 11] in the first slot not taking into account the cell-specific hopping pattern, and CS_cell(1) is the corresponding cyclic shift value for the 2nd slot and mod is a modulo operation (modulus after division). The re-mapping is presented in tabular format in Table 1.
Table 1. Proposed CS re-mapping pattern
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There are situations in which the cyclic shift allocation between different resources should follow certain logic. Virtual MIMO is one example, and another example is coordinated CS usage between different cells of the same NB. In these cases, cyclic shifts having the maximum CS separation should always be allocated for certain resources, e.g., for different MU-MIMO UEs in the same cell. An important issue from the CS re-mapping point of view is that the maximum CS separation should be maintained also in the case of CS re-mapping. We note that this is the case with the proposed CS re-mapping pattern.
3.
Cell-specific CS hopping

Cell-specific randomization is achieved by means of cell specific CS hopping pattern. Goal of the cell specific CS hopping is to improve cross-correlation properties between RS sequences in different cells, in particular in the case of sequence planning. Cell-specific CS hopping is defined to be slot/sub-frame –based in case of PUSCH DM RS. 
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Equation 2
Values of CS_hop_cell varies between 0 and 11 [0, 1, 2, … 11], corresponding to the CS values. The actual hopping patterns are FFS.

4.
Signalling of CS information

Semi-static signalling

Configuration of UL RS (PUSCH) has been discussed in [3]. An open item related to CS signalling is the number of bits used to assign the cell-specific cyclic shift value. Our view is that 4-bit signalling word is needed in order to signal all the 12 possible cyclic shift values.

Dynamic signalling
In case of Virtual MIMO, UE specific CS information is provided in UL grant. We propose that this information is used as a relative CS offset with respect to cell-specific cyclic shift value. It has been decided that 3 bits are used to convey this information. However, due to the fact that all the DM RS lengths are not divisible by 8, we propose that dynamic part is quantized to 6 possible CS values. Table 2 shows a detailed proposal for the dynamic CS signalling. 

Table 2. Dynamic CS signalling  
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bit field CS value

000 0

001 2

010 4

011 6

100 8

101 10

110 un-used

111 un-used


The CS value [0,1, 2, …,11] for the given DM RS and symbol is obtained as a combination of 
· semi-static cell specific CS value (CS_cell) including the slot-based CS re-mapping (Equation 1), 
· possible dynamic CS signaling (CS_dyn), and 
· cell-specific CS hopping pattern.
The combination is given by:
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	Equation 3.


5.
Handling of DM RS of different Bandwidths

In the previous sections, cyclic shifts were represented as a bandwidth independent CS values. DM RS length depends on the allocated bandwidth, which is a multiple of number of RBs, consisting of 12 frequency bins. We quantize the allowed cyclic shifts according to the RS length of the minimum bandwidth allocation. This means that we always have the 12 possible CS values (CS_value), regardless of the RS bandwidth. The possible CS values are 0, 1, … and 11. The actual cyclic shift of reference sequence symbols is calculated as follows:
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We note that quantization of the CS space is clearly beneficial from the signalling point of view.  Another issue is that with large bandwidths, sequences which have smaller cyclic shift difference than 
[image: image7.wmf]CS_symbols

 calculated by Equation 3 will not have sufficient cross-correlation properties due to the channel delay spread.
6.
Summary

This contribution presented a cyclic shift hopping applicable for PUSCH DM RS. The proposed hopping provides not only for sufficient randomization but also for efficient handling of different DM RS bandwidths as well as for efficient signalling. Regarding to CS re-mapping, the proposed re-mapping utilizes the commonality with the CS re-mapping proposed for PUCCH. 
The proposed CS hopping is defined as follows: 
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CS_cell(0) is given by the semi-static signaling, and

CS_dyn is given by the possible dynamic signaling in the uplink grant
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