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1. Introduction

Hopping of the index nCS of the cyclic shift, for the DMRS, has been defined in [1]; however, the exact values, that the DMRS cyclic shift (represented by α) should take, are still undefined. In this paper we discuss proposals on how to close the specification on this issue. Overall, rather than specifying the mapping table (e.g. Table 5.5.2.1.1-1 in [1]), it would be simpler to have a single formula that relates nCS and α. In addition (short of a NodeB scheduler which is intelligent with respect to values of cyclic–shift separation), it is not clear how the table approach can guarantee sufficient cyclic shift separation from the first slot to the second slot. This is important to mitigate the potential cyclic shift leakage. Thus, small modifications to section 5.5.2.1.1 may be needed in case we’d like to simplify NodeB implementation. The scenario that should be avoided is that two cyclic shifts which are adjacent in first slot, remain adjacent is second slot. This is a key for satisfactory MU-MIMO performance in the uplink.  

2. Specific Values for α and Relation to nCS
2.1. The Formula Approach
A simple formula is proposed to relate the cyclic shift index nCS from {0, 1, …, NSHIFT} to the value of the cyclic shift. Using the below formula, the nCS is mapped to the value of the cyclic shift in increasing order. 
α = 2π nCS / NSHIFT



(1)
Thus, α quantizes the interval [0, 2π), and it is clear that the cyclic shift is in effect by (nCS / NSHIFT ) duration of the signal. Here NSHIFT = 12 for 12 cyclic shifts and NSHIFT = 8 for 8 cyclic shifts. The only drawback of this formula is that adjacent values of nCS map to adjacent cyclic shift values. Note that the procedure for cyclic shift hopping is described [1] by 
nCS = (nDMRS + nPRS) mod NSHIFT


(2)
And, nPRS is cell – specific [1], which means that two UEs with adjacent cyclic shifts in the first slot will also have adjacent cyclic shifts in the second slot. This is problematic in cases of potential cyclic shift leakage (spill – over), which can be present for TU and longer channels. In that case, cyclic shifts which are adjacent in the first slot should be separated in the second slot. A simple way to avoid leakage is to modify the formula for nCS to
nCS = (5nDMRS + nPRS) mod NSHIFT

(3)
Consequently, cyclic shifts which are adjacent in the first slot will be separated (by 5 cyclic shift separation) in the second slot. Note that instead of 5, we could have selected any number which is relatively prime with NSHIFT. Furthermore, cyclic shifts which are distinct in the first slot remain distinct in the second slot. The proposed formula in (3) is desirable in order to ensure that a) different cyclic shifts remain different from two slots, and b) adjacent cyclic shifts are separated in the second slot. Otherwise, the MU-MIMO performance can be seriously jeopardized due to cyclic shift leakage (spill – over). 
2.2. The Table Approach
In case we desire to maintain the exact form of nCS = (nDMRS + nPRS) mod NSHIFT,  then nCS is mapped to α using a table, yet to be filled (5.5.2.1.1-1 in [1]). This formula actually does ensure that a) cyclic shifts which are distinct in the first slot, remain distinct in the second slot. However, the table does not ensure that adjacent cyclic shifts in the first slot are not adjacent in the second slot, which would degrade channel estimation for MU-MIMO, and consequently, degrade MU-MIMO performance. Here, ensuring sufficient cyclic shift separation is left up to the NodeB scheduler, which adds implementation complexity. This is our main concern with the Table approach. 
3. Conclusions

We prefer the simple formula (α = 2π nCS / NSHIFT) for mapping between cyclic shift index and cyclic shift values. Furthermore, small modification to the hopping formula as nCS = (5nDMRS + nPRS) mod NSHIFT would ensure that cyclic shifts which are adjacent in the current slot become substantially separated in the next slot. This is key for MU-MIMO performance in channels such as TU (5microsec delay spread) or longer delay spreads. Alternatively, the job of sufficient cyclic shift separation can be left to the NodeB scheduler, but this would add extra complexity to implementations.      
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