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1. Introduction

Followings are agreed way forwards for DM-RS and CSI-RS.
· DM-RS [1]
· Transmitted only in scheduled RBs and the corresponding layers

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· Complementary use of Rel-8 CRS by the UE is not precluded

· CSI-RS [2]
· No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)
· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell
· 8 Rel-10 CSI RS can be configured for Rel-10 CSI measurements in a given cell
· For this case of Rel-10 CSI measurements, only the 8 Rel-10 CSI RS are used for the CSI measurements corresponding to the given cell
From the agreements, it is clear that 8 new CSI-RS is needed for measurement in 8Tx LTE-A network. However, further discussion is needed for 2Tx and 4Tx LTE-A network case. Since mixed use of Rel-8 CRS and Rel-10 CSI-RS for the measurement is not allowed, two alternatives are remained for 2Tx and 4Tx cases.

· Alt-1: Rel-10 CSI-RS is also defined for 2Tx and 4Tx when the Rel-8 antenna port number is smaller than that of Rel-10.
· Alt-2: Rel-8 CRS is always reused as a CSI-RS when 2Tx and 4Tx antennas are configured.
On the DM-RS issue, further clarification is also needed for the case when 2Tx and 4Tx antennas are used in LTE-A network in conjunction with Rel-8 CRS configuration. 
Abovementioned alternatives seems to be closely related to whether we need to design 2Tx and 4Tx optimized LTE-A network in addition to 8Tx LTE-A network. Therefore, in this contribution, we discuss further on details of Rel-10 downlink RS.
2. DM-RS
The precoded DM-RS requires to be transmitted as the number of transmission rank at a time, therefore the number of physical antennas in an eNB is not relevant to the number of DM-RS. However, maximum transmission rank is restricted by the number of physical antennas. Considering 2Tx and 4Tx LTE-A network, supporting of DM-RS is easier to discuss since rank-2 DM-RS is already supported in Rel-9 so that 2Tx LTE-A network can work with DM-RS in Rel-9. Given this situation, only the discussion point can be whether DM-RS will be supported up to 4-layer transmission in 4Tx LTE-A network.

On the issue of 4-layer transmission for 4Tx LTE-A network, it is quite related to the decision on CSI-RS support. If 4Tx CSI-RS is supported for LTE-A network, it would be natural to support 4-layer DM-RS support to allow rank-4 transmission. However, if Rel-8 CRS is also used for CSI measurement for 4Tx, DM-RS in Rel-9 (i.e., up to two layers) seems to be sufficient for CoMP and the other advanced techniques for LTE-A.  And, Rel-8 CRS can be used for single user MIMO demodulation.
 3. CSI-RS
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. Conclusions

In this contribution, we discussed remaining details on DM-RS and CSI-RS issues in LTE-Advanced. From the discussions, our view can be summarized as follows:

· 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. 
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