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1. Introduction

In RAN1 #56bis and #57bis meeting, followings have been agreed as a CSI-RS design guideline:

· The duty cycle can be defined for CSI-RS transmission.

· The CSI-RS should be possible to transmit without LTE-A only subframe.

· The CSI-RS are punctured into the data region of normal/LTE-A only subframe.

· Strive for same CSI-RS pattern regardless of subframe type.

In addition to the agreements, other detailed design guidelines [1]-[5] have been also discussed such as possible candidates of duty cycle, maximum number of CSI-RS in an RB considering legacy UE, wideband CSI-RS support and so on. However, no further progress was made on these issues. In [5], our views on these issues were discussed and summarized as follows:
· Uniform frequency spacing per antenna port is recommended to have better channel estimation performance.
· As a candidate, multiple of 5ms seems reasonable to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.
· 8 CSI-RS REs per PRB pair in a subframe as a maximum seems to be tolerable in terms of legacy performance impact.
· OFDM symbols containing Rel-8 CRS and used as potentially relay backhaul guard period should be avoided for CSI-RS transmission.

In this contribution, we discuss on CSI-RS placement for minimizing legacy impact due to CSI-RS puncturing. In addition, the CSI-RS configuration in combination with Rel-8 CRS in LTE-A network is also discussed.
2. CSI-RS Placement
In order to minimize the legacy impact due to CSI-RS puncturing, transmitting less number of CSI-RS in an RB seems to be reasonable since it implies that the interference from CSI-RS can be reduced in legacy UE point of view. Several ways to reduce the number of CSI-RS in an RB can be considered for 8Tx LTE-A system.
· Alternative 1: Multi-subframe CSI-RS transmission in a duty cycle
The simplest way to reduce the legacy performance degradation due to CSI-RS puncturing can be minimize the number of CSI-RS in an RB so that the interference of CSI-RS can be tolerable by lowering MCS level. The figure 1 shows the general concept of multi-subframe CSI-RS transmission when 5ms duty cycle is assumed. In this case, the CSI-RS port 0-3 can be transmitted in the first OFDM symbol containing CSI-RS and the other CSI-RS port 4-7 can be transmitted in the second OFDM symbol containing CSI-RS for 8Tx LTE-A system support.
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Figure 1. Example of multi-subframe CSI-RS transmission
· Alternative 2: RB subset CSI-RS transmission [7]
The CSI-RS can be transmitted only in a specific RB in a subframe so that the number of CSI-RS is reduced in the end. The figure 2 shows the example of RB subset CSI-RS transmission. This proposal may reduce the legacy performance impact as well when the legacy UE is not scheduled in the RB containing CSI-RS or multiple RBs are allocated to a legacy UE with large portion of the RBs not containing CSI-RS. However, the performance of LTE-A system should be carefully studied since this type of CSI-RS transmission may result in large feedback (CQI/PMI/RI) mismatch under the highly frequency selective channel.
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Figure 2. Example of RB subset CSI-RS transmission [7]
· Alternative 3: Frequency hopping based CSI-RS transmission [6]
To avoid the feedback mismatch in RB subset CSI-RS transmission, frequency hopping based CSI-RS transmission can be used in combination with multi-subframe transmission. The figure 3 shows the example of frequency hopping based CSI-RS transmission. As seen in the figure, the RB transmits CSI-RS within multiple subframes. In this case, LTE-A performance would be higher than the alternative 2 since it tracks frequency selectivity better. However, the legacy performance will be worse than that with RB-subset CSI-RS transmission.
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Figure 3. Example of frequency hopping based CSI-RS transmission [6]
3. CSI-RS configuration
It is agreed that no mixed use of Rel-8 CRS and Rel-10 CSI-RS in RAN1 #57 in order to avoid unbalanced channel estimation problem and antenna virtualization specification. One issue here is that whether CSI-RS should be defined for 2Tx and 4Tx LTE-A network in addition to 8Tx. Since LTE-A network should be backward compatible for LTE UE Rel-8 CRS should be always supported in LTE-A network. Following table 1 can be the possible antenna configuration combinations in LTE-A network.

Table 1. Possible antenna configuration in LTE-A network
	
	1Tx CSI-RS 
	2Tx CSI-RS
	4Tx CSI-RS
	8Tx CSI-RS

	1Tx CRS
	X
	Case-1
	Case-2
	O

	2Tx CRS
	-
	X
	Case-3
	O

	4Tx CRS
	-
	-
	X
	O


X: Rel-8 CRS can be used as CSI-RS for LTE-A system

      O: new CSI-RS for LTE-A antenna configuration is needed

When the antenna configuration is the same between Rel-8 and Rel-10, it is obvious that CSI-RS is not needed since same antenna port is supported in Rel-8 CRS and there is no antenna virtualization issue as well. The Case-1, Case-2, and Case-3 can be the discussion issue since the supported number of antenna is different.

· Case-1:

Considering the RS overhead, 2Tx Rel-10 CSI-RS doesn’t need to be defined in this case since the RS overhead could be even more serious when additional DM-RS and CSI-RS is used for Rel-10 UE. In addition, 1Tx Rel-8 CRS may result in shrinking coverage due to the absence of transmit diversity scheme for control channel. Given this situation, the benefit seems to be unclear to define this case in LTE-A network.

· Case-2 and Case-3:

To minimize RS overhead, these cases seem possible to be deployed so that new CSI-RS may need to be defined for CSI feedback. However, further investigation is needed whether the 4Tx CRS overhead can be reduced further with LTE-A only subframe and so on. In addition, 4Tx LTE-A system performance need to be compared according to the RS type such as CSI-RS and Rel-8 CRS.

4. Conclusion
In this contribution, we discussed on CSI-RS design for supporting higher MIMO considering legacy performance impact and studied alternatives for CSI-RS placement to reduce the legacy performance degradation due to CSI-RS puncturing. Our view on CSI-RS can be summarized as follows:
· CSI-RS pattern

· uniform frequency spacing per antenna port is recommended

· multiple of 5ms seems reasonable to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.

· 8 CSI-RS REs per PRB pair in a subframe as a maximum seems to be tolerable in terms of legacy performance impact.

· Alternatives 1-3 should be considered to minimize the legacy impact

· CSI-RS configuration

· For 2Tx LTE-A network, Rel-8 CRS can be used for demodulation and measurement purposes considering low RS overhead.
· For 4Tx LTE-A network, Rel-10 CSI-RS may be defined to minimize RS overhead. However, further investigation is needed whether Rel-8 CRS overhead can be further reduced and it performs better than the 4Tx LTE-A system with Rel-8 CRS. 
References

[1] R1-091187, “Consideration on DL-RS Design in LTE-Advanced”, LG Electronics

[2] R1-091230, “Impact of CQI-RS insertion on LTE Rel-8 PDSCH performance”, Samsung

[3] R1-091495, “Performance evaluation for high order DL MIMO in LTE-A system”, Fujitsu
[4] R1-091758, “On the impact of CSI-RS puncturing to Rel’8 PDSCH performance”, Nokia, Nokia Siemens Networks
[5] R1-093235, “CSI-RS Design for LTE-Advanced”, LG Electronics

[6] R1-093375, “Discussions on CSI-RS for LTE-Advanced”, Samsung

[7] R1-093223, “CSI-RS design for LTE-Advanced”, NEC

[image: image4.png]




































































































































_1315920172.vsd
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Subframe #


RB #


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


duty cycle = 5ms


radio frame


�

: RB containing CSI-RS


�

: RB without CSI-RS



_1315920237.vsd
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Subframe #


RB #


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


duty cycle = 5ms


radio frame


�

: RB containing CSI-RS


�

: RB without CSI-RS



_1315920119.vsd
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Subframe #


RB #


0


1


2


3


4


5


6


7


8


9


0


1


2


3


4


5


6


duty cycle = 5ms


radio frame


�

: RB containing CSI-RS


�

: RB without CSI-RS



