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1 Introduction
Significant progress has been made on the design of CSI-RS in LTE-Advanced. In this contribution we present our views on one of the last remaining open issues – scrambling sequence design for CSI-RS.  Specifically, we present our views on whether to use the same scrambling sequence for all antenna ports of CSI-RS or whether different scrambling sequences should be used for different antenna ports. 
2 CSI-RS Patterns
The following patterns for CSI-RS were agreed in RAN1#61bis [1]. 
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Fig. 1 CSI-RS pattern Normal CP (FS 1 and FS 2)
[image: image2.emf]
Fig. 2 Additional CSI-RS pattern Normal CP (FS 2, 1 or 2 CRS ports)
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Fig. 3 CSI-RS pattern Extended CP (FS 1 and FS 2)
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Fig. 4 Additional CSI-RS pattern Extended CP (FS 2, 1 or 2 CRS ports)
From these patterns we make the following observation. The CSI-RS corresponding to different antenna ports of the same cell are on neighbouring REs in frequency for FDD and 8 CSI-RS ports. For other cases they are separated by two or more REs. 
3 CSI-RS Sequence Design
The following aspects need to be considered in the scrambling sequence design of CSI-RS
1. In case of collision of CSI-RS of different cells, UE should be able to distinguish the CSI-RS of the cell of interest

2. Since a UE measures CSI-RS of more than one eNB, it is possible that the UE has significant frequency offset for some neighbouring cells whose CSI-RS is wishes to use. Frequency offset introduces ICI which can and should be mitigated by sequence design.
3.  Since a UE measures CSI-RS of more than one eNB, it is possible that the UE has significant timing offset relative to neighbouring cells whose CSI-RS is wishes to use. Timing offset introduces ICI and ISI which should be mitigated by sequence design. This also applies when UE measures channels whose delay spread is larger than the CP length using the CSI-RS even if there is no timing offset. 
Using a cell specific scrambling sequence solves problem 1. In addition, as is described later, using a cell specific scrambling sequences mitigates any ICI and ISI between CSI-RS of different cells introduced by timing and frequency offset. 
Timing / frequency offset introduces ICI and ISI. For example, when a UE has non-zero timing / frequency offset relative to a cell with 8 CSI-RS ports, on CSI-RS REs of antenna ports 0 and 1 the UE may observe some leakage from signals corresponding to CSI-RS ports 4 and 5. The problem becomes less severe for cases where the CSI-RS REs are separated by more than one RE as the amount of leakage decreases as the distance between the REs increases. If the same scrambling sequence is used for all the antenna ports, the ICI and ISI seen by CSI-RS of antenna ports 0 and 1 from antenna ports 4 and 5 will be the same across all looks in frequency (after descrambling) and correlated to the received signal corresponding to CSI-RS ports 0 and 1. Hence, averaging in frequency will not reduce this ICI/ISI. On the other hand if different sequences are used for the different sets of antenna ports (i.e., one sequence for antenna ports 0, 1 and a different sequence of antenna ports 4, 5) then the received signal component corresponding to antenna port 0 and 1 will be independent (when considered over frequency) of the ICI and ISI from antenna ports 4 and 5. Hence averaging over frequency will mitigate the ICI and ISI.

Since the ICI and ISI problem is primarily only present between antenna ports {(0,1) and (4,5)} and {(2,3) and (6,7)} of the same cell when cell specific scrambling sequences are used, using two cell specific scrambling sequence one for antenna ports {0,1,2,3} and one for antenna ports {4,5,6,7} should suffice. However, using different scrambling sequences for different antenna ports helps randomize interference as is noted in [3].

4 Proposed scrambling sequence for CSI-RS
We propose reusing the cell specific CRS sequence for CSI-RS, with the exception that its length is half that of the CRS sequence. We propose using different parts of the CRS sequence for different antenna ports. 
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where ns is the slot number within a radio frame and l is the OFDM symbol number within the slot. The pseudo-random sequence c(i) is defined in Section 7.2. in TS36.211. The pseudo-random sequence generator shall be initialized at the start of each OFDM symbol with 
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5 Conclusion

In this contribution we proposed using two different CSI-RS scrambling sequences. This enables the use of different CSI-RS scrambling sequences for CSI-RS antenna ports that are placed on neighbouring tones in frequency which helps mitigate ICI and ISI in presence of timing and/or frequency offset. Also, since this sequence is cell specific it helps mitigate ICI and ISI between CSI-RS of different cells. 
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