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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. During RAN#61 the following were agreed upon:
· 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

· Each company is encouraged to bring pattern proposals for normal and extended CP, and for FDD and TDD

A set of CSI-RS patterns were submitted by Samsung on the RAN1 email reflector as a candidate for LTE-A CSI-RS patterns and to address the issues identified during RAN1#61. This contribution provides further details on the submitted CSI-RS patterns.

2 CSI-RS Design
The proposed CSI-RS patterns are based on the following design principles:
· CDM-T within a pair of CSI-RS ports
· FDM/TDM among different pairs of CSI-RS ports
· Fixed CSI-RS patterns
· Nested structure among 2, 4, 8 CSI-RS ports
Following subsections provide additional technical background on the above design principles.
2.1 Antenna port multiplexing

Compared to CDM-F, CDM-T provides benefits in that it can more efficiently utilize the available resources in a RB pair. In addition, CDM-T is more advantageous in terms of accurately measuring and feeding back the channel status information compared to CDM-F. Note that when the channel has high frequency selectivity, the orthogonality of CDM-F cannot be maintained. On the other hand, when the channel has high time selectivity, the orthogonality of CDM-T cannot be maintained. The comparison of CDM-T and CDM-F for different channel conditions is summarized in Table 1.
Table 1. Comparison of CDM-T and CDM-F in terms of channel measurement and feedback accuracy.
	
	Small Doppler spread, small delay spread
	Small Doppler spread, large delay spread
	Large Doppler spread, small delay spread
	Large Doppler spread, large delay spread

	CDM-T
	Same
	Better
	Same
	Same

	CDM-F
	Same
	Worse
	Same
	Same


If the channel has low time selectivity and low frequency selectivity, orthogonality for both CDM-T and CDM-F can be maintained and therefore, the quality of channel feedback based on either CDM-T or CDM-F will be identical. If the channel has low time selectivity but high frequency selectivity, the orthogonality of CDM-T can be maintained while the orthogonality of CDM-F cannot be maintained and therefore, the quality of channel feedback based on CDM-T will be better. If the channel has high time selectivity, the orthogonality of CDM-T cannot be maintained while that of CDM-F may be maintained depending on the degree of frequency selectivity. However, if the channel’s time selectivity is high such that the orthogonality of CDM-T cannot be maintained to a reasonable degree, it would mean that the reported channel information will be different from the actual channel due to the feedback delay and therefore, both CDM-T and CDM-F will be inaccurate.
Proposal: Use CDM-T for multiplexing 2 CSI-RS antenna ports.
On top of CDM-T for multiplexing within a pair of CSI-RS ports, a combination of FDM and TDM is used for multiplexing different pairs of CSI-RS ports. For the normal CP case, FDM is used for multiplexing CDM-T pairs on OFDM symbols 9 and 10 while FDM and TDM is used for multiplexing CDM-T pairs on OFDM symbols 5, 6, 12, and 13. An example of how the multiplexing between the different pairs of CSI-RS ports is done is shown in Figure 1 for 8 antenna ports.
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Figure 1. Multiplexing between different pairs of CSI-RS ports.
FDM and TDM is used for multiplexing different pairs of CSI-RS ports in OFDM symbols 5, 6, 12, and 13. The benefit of such an approach is that if PDSCH muting is applied to the same OFDM symbols, the unused transmission power of muted off PDSCH may be utilized to increase the transmission power on CSI-RS. 
Proposal: For normal CP, use FDM for multiplexing different pairs of CSI-RS ports in OFDM symbols 9, 10. Use FDM and TDM for multiplexing different pairs of CSI-RS ports in OFDM symbols 5, 6, 12, and 13. For extended CP, use FDM for multiplexing different pairs of CSI-RS ports within a reuse pattern.
2.2 Antenna port 5 avoidance

The proposed set of CSI-RS patterns is fixed and does not vary according to DL configuration parameters such as the number of CRS ports and the existence of antenna port 5. Given the fixed set of CSI-RS patterns, avoidance of antenna port 5 is achieved by eNB down selecting only CSI-RS patterns not colliding with antenna port 5. For example, for a fixed of CSI-RS pattern A, B, C, D, E, and F, an eNB may decide to utilize antenna port 5. Instead of rearranging the CSI-RS patterns, the eNB will choose to transmit CSI-RS using one of the CSI-RS patterns that do not collide with antenna port 5. For a LTE-A UE, the entire process will be transparent and it will have no knowledge on whether antenna port 5 is being utilized or not. Note that the CSI-RS patterns not colliding with antenna port 5 may differ according to the vshift value.
Having a fixed CSI-RS pattern can be beneficial in terms of implementing the CSI-RS transceiver since there is no variation as a function of the system configurations.
Proposal: Use a fixed set of CSI-RS patterns. Avoid antenna port 5 by selecting those CSI-RS which do not collide with antenna port 5.
2.3 Nested structure

The proposed set of CSI-RS patterns have a nested property such that the CSI-RS patterns supporting up to 4 antenna ports are nested within a CSI-RS pattern supporting up to 8 antenna ports. In addition, the CSI-RS patterns supporting up to 2 antenna ports are nested within a CSI-RS pattern supporting up to 4 antenna ports. Such a nested structure can to some degree simplify the implementation of the CSI-RS transceiver.
3 CSI-RS Patterns

3.1 Patterns for Normal Cyclic Prefix
Figure 2, Figure 3, and Figure 4 show the proposed CSI-RS patterns for the normal cyclic prefix when the number of CSI-Rs ports is 2, 4, and 8 respectively.
[image: image2.emf]0 1 2 3 4 5 6 7 8 910111213 0 1 2 3 4 5 6 7 8 910111213 0 1 2 3 4 5 6 7 8 910111213

GG GG GG

H H H H H H

A A I I S S A A I I S S A A I I S S

B B T T B B J J T T B B T T

C C K K U U C C K K U U C C K K U U

L L L L L L

MM MM MM

D D V V D D N N V V D D V V

E E OO WW E E OO WW E E OO WW

P P F F P P X X P P

QQ QQ QQ

R R

Normal CP Normal CP,w/o port5,



Normal CP, w/o port2,3


Figure 2. CSI-RS patterns for 2 ports for the normal cyclic prefix.
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Figure 3, CSI-RS patterns for 4 ports for the normal cyclic prefix.
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Figure 4. CSI-RS patterns for 8 ports for the normal cyclic prefix.

The CSI-RS patterns shown in Figure 2, Figure 3, and Figure 4 for the normal cyclic prefix have the characteristics described in Section 2. The reuse factors for the proposed CSI-RS patterns shown in Figure 2, Figure 3, and Figure 4 are summarized in Table 2.
It can be observed that for a fixed set of CSI-RS patterns, depending on the vshift value, different CSI-RS patterns are available for use. For example, for the vshift value shown in Figure 4, CSI-RS patterns A, C, and F can be used while avoiding antenna port 5.

Table 2. Summary of reuse factors of the proposed CSI-RS patterns for the normal CP case.
	
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	With port 2, 3, 5
	19
	7
	3

	With port 2, 3 and without port 5
	19
	7
	3

	Without port 2, 3, 5
	24
	12
	6


3.2 Patterns for Extended Cyclic Prefix

In contrast to the case of normal cyclic prefix, the DM-RS for the extended cyclic prefix have not been fully decided upon. Given the current situation on the DM-RS for the extended cyclic prefix, 2 different CSI-RS patterns based on 2 different DM-RS patterns are provided in this contribution. Figure 5 shows the proposed CSI-RS patterns for 8 CSI-RS ports based on the DM-RS patterns described in [1]. Figure 6 shows the proposed CSI-RS patterns for 8 CSI-RS ports based on the DM-RS patterns described in [2]. Note that only the patterns for 8 CSI-RS ports are provided for brevity.
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Figure 5. CSI-RS patterns for 8 ports for the extended cyclic prefix based on DM-RS1.
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Figure 6. CSI-RS patterns for 8 ports for the extended cyclic prefix based on DM-RS2.
The CSI-RS patterns shown in Figure 5 and Figure 6 for the extended cyclic prefix have the characteristics described in Section 2. The reuse factors for the proposed CSI-RS patterns for the extended cyclic prefix case are summarized in Table 3 and Table 4 for the first DM-RS pattern and the second DM-RS pattern, respectively.

Again, it can be observed that for a fixed set of CSI-RS patterns, depending on the vshift value, different CSI-RS patterns are available for use.

Table 3. Summary of reuse factors of the proposed CSI-RS patterns for the extended CP case based on DM-RS1.
	
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	With port 2, 3, 5
	6
	6
	3

	With port 2, 3 and without port 5
	8
	4
	2

	Without port 2, 3, 5
	12
	3
	1


Table 4. Summary of reuse factors of the proposed CSI-RS patterns for the extended CP case based on DM-RS2
	
	2 CSI-RS ports
	4 CSI-RS ports
	8 CSI-RS ports

	With port 2, 3, 5
	8
	4
	2

	With port 2, 3 and without port 5
	8
	4
	2

	Without port 2, 3, 5
	16
	8
	4


Note that pattern A in Figure 5 and patterns A, B, C, and D in Figure 6 apply CDM-T over 4 OFDM symbols. Although applying CDM-T over 4 OFDM symbols might incur orthogonality breakdown at high Doppler spread, the effect is negligible as shown in Figure 7. The results were obtained based on the simulation setup for CSI-RS evaluation [4].
[image: image7.emf]0

0.5

1

1.5

2

2.5

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20

Spectral efficiency [bps/Hz]

Es/No [dB]

CDM-T2 3km/h

CDM-T4 3km/h

CDM-T2 10km/h

CDM-T4 10km/h

CDM-T2 30km/h

CDM-T4 30km/h


Figure 7. Link throughput for CSI-RS spread over 2 OFDM symbols and 4 OFDM symbols. CDM-T2 denotes the case where CDM-T is performed over 2 OFDM symbols while CDM-T4 denotes the case where CDM-T is performed over 4 OFDM symbols such as CSI-RS pattern A of Figure 5.
The rationale behind applying CDM-T over 4 OFDM symbols is to avoid transmitting CSI-RS on OFDM symbols 4, 7, and 10 as much as possible and thereby generating a CSI-RS pattern that does not collide with antenna port 5. It can be observed that regardless the vshift value, CSI-RS pattern A in Figure 5 for the first DM-RS pattern and CSI-RS patterns A, B in Figure 6 for the second DM-RS pattern do not collide with antenna port 5 due to this property.
4 Summary
This contribution provides further details on the CSI-RS patterns submitted by Samsung on the RAN1 email reflector. The proposed CSI-RS patterns have the following design principles:

· CDM-T within a pair of CSI-RS ports
· FDM/TDM among different pairs of CSI-RS ports
· Fixed CSI-RS patterns
· Nested structure among 2, 4, 8 CSI-RS ports
We propose that the submitted patterns be adopted for LTE-A.
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