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1. Introduction
The following has been agreed in RAN1#61 with regards CSI RS design for Release 10 –

· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.
· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port
· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.

· A time-invariant time/frequency shift is used in a cell

This contribution is associated with a second Motorola CSI RS pattern proposal (Motorola-2) shared via the email reflector. Here we discuss the motivation for the pattern and our support for several key features – (i) CDM-T versus CDM-F (ii) CDM versus FDM and (iii) Nested structure. The CSI RS pattern is provided in the Appendix for completion.
2. Intra-cell CSI-RS Pattern Features
CDM-T versus CDM-F: It was decided in RAN1#61 that CSI RS port multiplexing is based on CDM for each pair of CSI RS ports. In the following we provide some results comparing CDM-T with CDM-F. A single user and a single eNB was simulated and no AWGN receiver noise was added. The orthogonal codes (OCC len=2) assumed for CDM are [1 1] and [1 -1]. The SIR is the gain due to despreading calculated as a ratio of the power from coherently combining the signal from two RS locations over the residual power due to the loss of orthogonality of the CDM code in the two RS locations.
In Figure 1 the SIR degradation due to Doppler induced time variations (100 kmph at 2.0 GHz) is shown for CDM-T when the RS locations are separated by n OFDM symbols.  In Figure 2 the CDM-F SIR degradation is shown for a two ray channel with equal powers on each ray where the first ray is at lag 0 (sec and the second ray is at the lag shown on the x axis.  For reference, the points where the TU and the hilly terrain channel models line up on the curve are shown (i.e., the TU and hilly terrain results are generated separately from the 2-ray channel results).

In particular we can show that CDM-T SIR for TU at 100 km/h is 31.1 dB and at 30 km/h is 41.6 dB (2.0 GHz). CDM-F SIR for Hilly Terrain is 12.8 dB and for TU channel is 24.4 dB.
In summary we show the following –

· It is evident from Figure 1 and Figure 2 that CDM-T (with adjacent OFDM symbols) can preserve code orthogonality better than CDM-F (with adjacent subcarriers). 


[image: image1]
Figure 1 (CDM-T @ 100 kmph, 2.0 GHz): Shows the degradation of SIR when the RS locations are separated by n OFDM symbols (n varying from 1 to 12). A TU channel with 10MHz BW is used.  

[image: image2]
Figure 2: (CDM-F for 2-ray channel): Shows degradation of SIR when the channel delay spread is increased using two consecutive subcarriers for OCC. A 10 MHz BW was simulated.  
CDM versus FDM: It may be noted that the performance of FDM/TDM CSI RS pattern versus CDM was extensively evaluated in RAN1 leading up to the RAN1#60 and a significant majority of the presented results showed some performance degradation due to CDM. In agreement with this point of view we have considered FDM/TDM CSI RS pattern for 2Tx and 4Tx ports. Note that a power boosting of up to 6dB is allowed and is sufficient to provide full PA utilization with up to 4Tx ports. In addition, supporting FDM/TDM can be treated as a special case of CDM with OCC len=1. There is minimal impact to channel estimation design and there is no impact to the channel estimation complexity at the UE.  
· It evident that there is some loss of orthogonality due to CDM at high velocity or with high delay spread. Therefore we prefer using FDM/TDM for 2Tx and 4Tx antennas. The allowed power boosting limit of 6dB can allow full PA utilization and orthogonality between ports can be maintained.
Nested Structure: It was noted in the last meeting that a nested structure among 2, 4 and 8 antenna ports simplifies implementation. It may be noted that:  (i) The simplicity of implementation mentioned here relates to the process of designing and testing channel estimation weights which is an offline procedure. The online complexity of an UE or the online complexity of channel estimation is unaffected by this structure.  (ii) The imposition of this structure may restrict the ability of fully utilizing resources and maximizing the reuse factor. Therefore we prioritized the maximization of reuse factor over a nested structure. This argument, however, is not applicable if a nested structure design maximizes the reuse factor as well.
3. Conclusions 
In this contribution we studied the intra-cell aspects of CSI-RS design. We draw the following conclusions from our study
· CDM-T can better preserve code orthogonality than CDM-F. CDM-F may be used in conjunction with CDM-T to avoid port-5 or to increase the reuse factor.
· Consider a FDM/TDM design for 2Tx and 4Tx antennas. We observe that there is minimal impact to channel estimation design for supporting CDM/FDM/TDM and there is no impact to channel estimation complexity due to this.
· Consider prioritizing maximization of reuse factor over maintaining a strict nested structure among 2, 4 and 8Tx antennas
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	Legend: 1. REs with the same color represent CSI-RS from the same cell, numbers 0-7 represent port numbers

	2. CSI-RS REs with thick borders represent OCC length =1 (no OCC for 2Tx, 4Tx) or OCC length=2 (8Tx) 
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	* swap antennas (0,1,2,3) with (5,4,7,6) in the next PRB in frequency (for left and right figures)

	* Both CDM-T and CDM-F can be supported simultaneously with reasonable channel estimator complexity to maximize reuse
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	* Both CDM-T and CDM-F can be supported simultaneously with reasonable channel estimator complexity to maximize reuse
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	* FDM patterns for 4Tx to ensure antenna orthogonality
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	* FDM patterns for 4Tx to ensure antenna orthogonality
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CDM-T SIR (dB) for 100 km/h and the TU channel
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