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1. Introduction

In Shenzhen RAN1#52bis [1], much progress was made on UL DM RS. In this contribution we present our views on some of the remaining issues. 

2. Initialization of Sequence Generator for PUSCH Cyclic Shift Hopping
Based on the agreement in [1], the cyclic shift 
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 in a slot is given as 
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where 
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 equals 12 and represents the maximum number of cyclic shifts available in the cell, 
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 is a broadcasted  value, 
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 is included in the uplink scheduling assignment DCI Format 0 and 
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 is a pseudo-random sequence 
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. The details on the initialization of the pseudo-random sequence 
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 have not been defined.
It has been previously agreed that it should be possible to assign different cyclic shifts to different cells of an eNodeB thereby supporting orthogonal transmissions from UEs in different cells of the eNodeB using the same sequence-group number. Thus, the scrambling generator initialization should not be a function of the complete cell-ID to enable for planning/coordination of hopping patterns. This requirement is similar to the case for initialization of the PN sequence for sequence hopping within the RS group where same hopping patterns are needed for a coordinated cell cluster. Thus, the CS PN initialization can be similar to sequence hopping PN initialization being a function of partial cell-ID which allows for a large number of different hopping patterns.
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 at the beginning of each radio frame. 
3. Sequence Hopping for CG-CAZAC
[2] suggest that sequence hopping for CG-CAZAC (1/2 RB case) be always enabled even with group planning for additional interference randomization, i.e., group hopping for 1-2RB even when group hopping is disabled. 
We prefer to keep the current agreement to be able to use sequence-group planning for all RS lengths (any number of RBs) – i.e, group hopping can be disabled for all RS sequence lengths as in the current version of 36.211, for the following reasons:
· The case where the biggest performance impact is to be expected is for cell-edge UEs, where each UE is served by cells using different RS sequence groups. Power limited cell-edge UEs typically have small RB allocations and operate at their maximum power level.  Thus, for such UEs with different RB allocations, the PSD or power/subcarrier will be different resulting in lesser amount on interference on the smaller RB allocated UE (from the larger RB UE). This difference in PSD results in requiring appropriate scaling of the cross-correlation results to reflect the reduced interference. (Normalized cross-correlation results are computed using the same power/subcarrier for both UEs).  For example, for the case of two cell-edge UEs transmitting at maximum power with different allocations of 1RB and 2RB allocation respectively, the normalized cross-correlation needs to be scaled by a factor of 
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 for the smaller amount of interference observed by the 1RB UE. 
· Cyclic shift hopping between slots is always enabled and provide for interference randomization.
· In group planning, neighbouring cells can be assigned sequence groups (and possibly cyclic shifts) that reduce RS interference for small RB allocation (e.g., 1RB). Further, depending on Operator deployment, it is possible that not all sequence groups may be used in case of group planning.
We evaluated the potential benefit of CG-CAZAC sequence hopping for the case of two UEs with 1RB allocation (i.e., same allocation BW for worst case interference scenario). For the case with no sequence hopping, the worst-case sequence pair having the maximum cross-correlation was selected. Figure 1 shows the link performance for the case of different interference-to-desired signal power levels (I/C). Random cyclic shift hopping was used for both cases. 
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Figure 1 –Link Performance comparing CG sequence hopping and No CG sequence hopping using the worst-case max cross-correlation sequence for 1RB allocation. 
As can be seen from Figure 1, no additional interference averaging benefit (above that provided by cyclic shift hopping) is achieved with the additional CG sequence hopping compared to worst case of sequence planning with the maximum cross-correlation pair of sequences. 

Thus, we propose no change to the current agreement of no sequence-group hopping for all RS lengths when group planning is used (group hopping is disabled).
4. Conclusion
We propose,

· Cyclic shift PN initialization similar to sequence hopping (within sequence group) PN initialization being a function of partial cell-ID to enable for planning/coordination of hopping patterns 
· No change to the current agreement of no sequence-group hopping for all RS lengths when group planning is used (group hopping is disabled).
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